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INTRODUCTION
Bone conduction devices provide access to sound in

children who are otherwise unable to wear or gain benefit
from conventional hearing aids. They are used to treat
conductive and sensorineural hearing losses resulting
from a variety of etiologies, such as aural atresia or
single-sided deafness. The application of such devices has
been limited in part by soft tissue complications, particu-
larly those associated with skin-penetrating abutments.
The osseointegrated steady state implant 2 (OSIA2®) Sys-
tem was developed to provide hearing through bone con-
duction while avoiding complications previously reported
in children using percutaneous devices.1 We aim to
describe the candidacy and surgical technique developed
for implantation of this device in a pediatric cohort.

METHODS AND MATERIALS
The study protocol was approved by the Research Ethics

Board at the Hospital for Sick Children (REB# 1000073263)
(REB#1000058120). All devices were purchased by our institu-
tion. The first five devices were inserted following case-by-case
approval through Health Canada’s special access program.
The remaining 38 devices were implanted after the OSIA2
was approved for clinical use. The described use of the OSIA2
in children under 12 is considered off-label from the perspec-
tive of the United States Food and Drug Administration.

Participant Recruitment
Children who were 18 years of age or younger and who

lacked sufficient benefit from percutaneous osseointegrated
or nonsurgical bone conduction devices were eligible for par-
ticipation in this study.

Video 1. Video overview of key elements of OSIA2 surgery in the
setting of left sided microtia and aural atresia.
Video content can be viewed at https://doi.org/10.1002/lary.29892
[Color figure can be viewed in the online issue, which is available at
www.laryngoscope.com.]

From the Department of Otolaryngology—Head and Neck Surgery
(S.L.C., K.A.G., B.C.P.), Hospital for Sick Children, Toronto, Canada;
Department of Otolaryngology—Head and Neck Surgery (S.L.C., K.A.G., B.C.P.),
University of Toronto, Toronto, Canada; Department of Communication
Disorders (S.L.C., K.A.G., M.F., B.C.P.), Hospital for Sick Children, Toronto,
Canada; Archie’s Cochlear Implant Laboratory (S.L.C., K.A.G., J.N., B.C.P.),
Hospital for Sick Children, Toronto, Ontario, Canada; Institute of Medical
Science (S.L.C., K.A.G., B.C.P.), University of Toronto, Toronto, Canada; and
the Department of Otolaryngology—Head and Neck Surgery (P.L.P.),
University of Michigan, Ann Arbor, USA.

Additional supporting information may be found in the online
version of this article.

Editor’s Note: This Manuscript was accepted for publication on
September 18, 2021.

Dr. Cushing, Dr. Papsin, and Dr. Gordon hold sponsored research
agreements with Cochlear Americas. Dr. Papsin, Dr. Cushing, and
Dr. Gordon receive speaking fees from Cochlear Americas. Dr. Cushing
receives speaking fees for Interacoustics. Dr. Cushing earns royalties from
the book, Balance Disorders in the Pediatric Population. Dr. Cushing and
Dr. Papsin are Patent Holders for Patents #: 7041-0: Systems and Methods
for Balance Stabilization. Dr. Gordon holds the Cochlear America Chair in
Auditory Development, is the Bastable-Potts Health Clinician Scientist in
Hearing Impairment and a lecturer at Salus University. The authors have
no other funding, financial relationships, or conflicts of interest to disclose.

Send correspondence to Sharon L. Cushing, MD, MSc, FRCSC,
Department of Otolaryngology, Hospital for Sick Children, Ro0m 6103C
Burton Wing, 555 University Avenue, Toronto, ON, Canada M5G1X8.
E-mail: sharon.cushing@sickkids.ca

DOI: 10.1002/lary.29892

Laryngoscope 132: May 2022 Cushing et al.: Surgical Consideration for OSIA2 in Children

1088

The Laryngoscope
© 2021 The American Laryngological,
Rhinological and Otological Society, Inc.

https://orcid.org/0000-0001-9226-4510
https://orcid.org/0000-0002-2491-3125
https://doi.org/10.1002/lary.29892
http://www.laryngoscope.com
mailto:sharon.cushing@sickkids.ca


Surgical Procedure
The key elements of an OSIA2 insertion in an older

child with left sided microtia and aural atresia have been
included in video 1.

Device placement and pre-operative marking.
Placement of the device was carefully determined using
a modified silastic model (Labels 1 and 2). The silastic
model was modified with a 2 mm biopsy punch through
the neck of the model to allow for correct positioning of
the external component (Labels 1 and 2). Considerations
for implant placement include positioning the actuator
no more than 2 cm posterior to the external auditory
canal (EAC) and in line with a line drawn through the
outer canthus of the eye to superior attachment of the
pinna, which roughly denotes the vertical position of the
cochlea. In patients who lack an EAC, device location is
estimated based on surface landmarks, such as

topography and curvature of the temporal bone as well
as location of the mastoid tip, which is underdeveloped
in aural atresia.

The thickness of the skin overlying the coil and the
receiver-stimulator was measured using a 27 gauge nee-
dle. Surgical instructions from the manufacturer suggest
reducing skin flap thickness if initially greater than
9 mm for optimal coupling of the internal and external
devices. Further details on skin flap reduction techniques
are described below.

Methylene blue was used to identify the location for
the implant, as well as the neck of the receiver-stimula-
tor, through the holes in the template (Fig. 1B). An inci-
sion was drawn allowing for at least 1 cm of soft tissue
clearance from the perimeter of the actuator (Fig. 1A).
This incision was posteriorly based in the scalp for those
with microtia and aural atresia (Fig. 1C) and anteriorly

Fig. 1. (A) Initial drawings outlining surgical approach to OSIA2. Direction of placement for processor (1). Site of implant placement (2). >1 cm
clearance between perimeter of the actuator and incision placement. Note the curvilinear nature of the incision given the rectangular nature of
the actuator. (B) Placement of the device posterior to the predicted location of the pinna and external auditory canal. (C) Posterior scalp inci-
sion in the setting of aural atresia and microtia. (D) Postauricular scalp incision in the setting of an intact pinna. Soft tissue preparation: Follow-
ing preparation of the skin, the marked skin incision was opened, angling the scalpel at 45� in the hair-bearing skin to preserve hair follicles. A
curvilinear periosteal incision was then made with care taken not to reduce the distance between the incision and the perimeter of the actua-
tor. The periosteum was elevated, and the site marked previously with methylene blue for the implant was identified.
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based in the postauricular region for children with a typi-
cal pinna (Fig. 1D).

Implant placement. The implant was then placed
using a conical guide drill, followed by a widening drill.
In all cases, a 4 mm implant was placed. The dura was
often encountered in this young cohort, but there were no
dural injuries. Of note, a 3 mm implant is available and
could have been placed as an alternative. A bone bed

indicator was attached to the implant and rotated to
ensure that the bone surrounding the implant was level
enough for placement of the OSIA2. Bone polishing using
a 3 mm diamond burr was performed if bony clearance
was not achieved. A subperiosteal pocket was created for
the receiver-stimulator in similar fashion to a cochlear
implant. The direction of placement of the device, which
ultimately dictates the site of the external component,

TABLE I.
Participant Details.

Participant Age (Yr) Sex Etiology of Hearing Loss Configuration and Type of Hearing Loss Secondary Diagnosis

1 9.5 M Bilateral aural atresia Bilateral conductive

2* 13.1/14.6 M Bilateral aural atresia Bilateral conductive

3 11.1 M Bilateral aural atresia Bilateral conductive Goldenhar syndrome

4 14 F Bilateral aural atresia Bilateral conductive

5 6.1 F Bilateral aural atresia Bilateral conductive chromosome 18 Q deletion

6 13.3 F Cochlear nerve aplasia Single sided deafness

7 7.2 F Bilateral canal stenosis +/� Otitis media with effusion Bilateral conductive chromosome 18 Q deletion

8 16 F Cochlear nerve aplasia Single sided deafness

9 12.0 M Unilateral enlarged vestibular acqueduct syndrome Mixed loss

10 6.1 M Right cochlear nerve aplasia, left aural atresia Single sided deafness right/conductive left

11 18 F Bilateral aural atresia Bilateral conductive

12 17.9 F Bilateral medial canal fibrosis Bilateral conductive

13 6.8 F Unilateral atresia Unilateral conductive

14 8.4 F Unilateral atresia Unilateral conductive

15 14.8 M Bilateral aural atresia Bilateral conductive obesity

16 7.4 F Bilateral canal stenosis � Otitis media with effusion Bilateral conductive trisomy 21

17 5.5 M Bilateral canal stenosis � Otitis media with effusion Bilateral conductive trisomy 21

18 5.9 F Bilateral canal stenosis � Otitis media with effusion Bilateral conductive dev delay, BOR

19 15 F Bilateral aural atresia Bilateral conductive Treacher Collins

20 6.6 M Unilateral atresia Unilateral conductive

21 8.4 M Unilateral atresia Unilateral conductive

22 15.4 F Unilateral atresia Unilateral conductive

23 9.5 F Cochlear nerve aplasia Single sided deafness

24 11 M Bilateral canal stenosis � Otitis media with effusion Bilateral conductive

25 4.9 F Unilateral atresia Unilateral conductive

26 5.6 M Unilateral atresia Unilateral conductive

27 6.7 M Unilateral atresia Unilateral conductive

28 11 F Unilateral atresia Unilateral conductive

29 8.3 M Unilateral atresia Unilateral conductive

30 8.4 F Unilateral enlarged vestibular acqueduct syndrome Single sided deafness

31 5.3 M Unilateral atresia Unilateral conductive

32 15.7 M Unilateral atresia Unilateral conductive

33 8.7 F Bilateral canal stenosis � Otitis media with effusion Bilateral conductive

34 11.4 F Bilateral canal stenosis � Otitis media with effusion Bilateral conductive trisomy 21

35 7.1 F Unknown etiology Single sided deafness

36 14.8 M Unilateral atresia Unilateral conductive

37 16.4 M Cochlear nerve aplasia Single sided deafness Waardenburg 2E

38 17 M Unilateral atresia Unilateral conductive

39 13.2 M Bilateral microtia Bilateral conductive

40 11 M Bilateral microtia Bilateral conductive

41 15.8 M Bilateral canal stenosis � Otitis Media with Effusion Bilateral conductive Trisomy 21

42 17 F Bilateral atresia Bilateral conductive Trisomy 22 and 8

*Received sequential bilateral devices.
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was guided by the preoperative placement of a methylene
blue mark on the neck of the silastic model (Fig. 1A, B).
The actuator was seated and fixed to the implant. The
wound was then irrigated and closed in layers. Post-
operative skull radiographs were performed only on the
initial five patients in this series.

Additional surgical considerations
Management of the thick skin flap. The need for

surgical flap thinning should be rarely required in the
pediatric population. Children under 7 years of age rarely
have a skin flap thickness of more than 3 to 4 mm in this
portion of the scalp.2 In older children, skin thickness
increases with age and with body mass index (BMI).2 Six
of the 43 patients had skin flap thickness nearing or
greater than 9 mm. In these patients, the coil of the
receiver was placed lateral to the temporalis muscle and
fascia. In addition to this maneuver, one patient (BMI of
35) underwent concurrent soft tissue reduction. For this
patient, the incision was designed to facilitate flap thin-
ning by bringing it to within 1 cm of the neck of the
device. In addition, the coil of the receiver-stimulator was
placed in the plane overlying the temporalis fascia. Expe-
rience with a prior cohort receiving the first generation
OSIA device outlines the utility of a separate incision
above the coil of the receiver-stimulator to better access
the area of the flap to be thinned.

Management of prior implants and devices.
Children in our cohort had previously received percutane-
ous abutments ipsilateral to the planned side of OSIA2
placement. When the goal was to transition from a percu-
taneous abutment to an OSIA2, the abutment was first
removed, and the soft tissues were left to heal over a
period of 6 to 12 weeks prior to OSIA2 placement. In some
children, the retained implants approximated the OSIA2
receiver-stimulator and were removed to avoid contact
with it. These implants were so osseointegrated that they
needed to be drilled out by an otologic drill. With appro-
priate planning, removal of the prior implant(s) when nec-
essary, can be done at the time of the abutment removal

or at the time of the OSIA2 placement. In children with
prior percutaneous devices or transcutaneous devices
(i.e. Baha® Attract), the incision for OSIA2 was carefully
planned to avoid having compromised skin sitting over
the actuator while also allowing access for removal of
prior implants when required.

RESULTS

Participants
A total of 42 children received 43 OSIA2 devices; mean

age was 10.9 years (SD = 4.1 years; range 4.9–18 years).
Demographic details and characteristic of hearing loss are
provided in Table I.

The type and etiology of the hearing impairments being
rehabilitated with the OSIA2 were heterogeneous but repre-
sentative of the pediatric population that may seek surgical
bone conduction hearing habilitation. The hearing character-
istics of the participants are provided in Table II.

Most participants who elected to pursue an OSIA2
device had experience with other hearing technology and
an outline of prior device use is provided in Table III.

Twelve of the 42 children had secondary diagnoses,
including 4 children with Trisomy 21, 2 with chromosome
18Q deletion, as well as one child each with Goldenhar,
Treacher Collins, Branchio-Oto-Renal, Waardenburg 2E
Syndrome, Trisomy 8 and 22, and multiple congenital
anomalies. Many of these children had associated devel-
opmental delay of variable degree and presentation.

Surgical Results
Mean surgical time was 69 minutes (SD = 16 minutes;

39–158.0 minutes). Soft tissue reduction was required in
one child who was obese (BMI = 35, weight > 100 kg).
There were no subsequent post-operative issues with mag-
net fitting in this patient. One patient required bone
polishing to achieve clearance for placement of the actuator.

Surgical complication occurred in two children who
experienced irritation at the magnet and incision site due
to frequent usage. The soft tissue irritation and mild skin
breakdown resolved upon the addition of a magnet soft
pad to the external processor.

TABLE II.
Type of Hearing Loss and Underlying Etiology for the Participant

Group.

Type of Hearing Loss Etiology of Hearing Loss
Number of
Patients

Conductive loss Bilateral conductive hearing loss 20

Bilateral EAC atresia/stenosis 19

Bilateral acquired canal stenosis 1

Unilateral conductive hearing loss 14

Unilateral aural atresia 14

Sensorineural/mixed Single sided deafness 8

Cochlear nerve aplasia* 5

Enlarged vestibular aqueduct† 2

Unknown 1

*One child had single-sided deafness due to cochlear nerve aplasia on
one side and conductive hearing loss due to atresia on the contralateral side.

†One child with enlarged vestibular aqueduct had a mixed loss.

TABLE III.
Characteristics of Prior Rehabilitative Device Use.

Mode of
Hearing Aid Type of Device Number of Patients

Bone conduction
aid

Headband retained 25

Percutaneous (Bone anchored
hearing aid connect)

11 (3 ipsi, 8 contra)

Passive transcutaneous (Bone
anchored hearing aid attract)

1 (ipsi)

Active transcutaneous
(OSIA1 and 2)

3 (contra)

Conventional hearing aid(s) 4

No rehabilitation 1
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DISCUSSION
This article outlines successful surgical implantation

of the OSIA2 System in 42 children over a wide range of
ages whose characteristics of hearing loss are representa-
tive of the clinical pediatric populations for whom such
devices are indicated.

A suggested benefit of OSIA2 is the reduced risk of
soft tissue complication when compared to prior percuta-
neous technology. Only 2 of the 42 children experienced
inflammation at the site of the magnet. This occurred at
the magnet site many months following surgery and was
resolved by application reduction of magnet strength with
or without the application of a magnet soft pad as well as
removal of the external processors for daily periods (com-
monly during nighttime sleep). Similar findings have
been shown in cochlear implant users who can experience
breakdown of skin between the magnets.3 This prelimi-
nary study suggests that complications of the OSIA2 are
low in contrast to percutaneous bone conduction devices,
in which soft tissue complications can be seen in approxi-
mately 50% of pediatric users even with typical durations
of daily use.1,3,4

SUMMARY AND CONCLUSION
Surgical application of the OSIA2 device in a repre-

sentative group of young children was feasible and dem-
onstrated low rates of complication. Miniaturization of
bone conduction technologies, along with increasing expe-
rience in their surgical application, may help to reduce
the developmental consequences of hearing loss by all-
owing early intervention5 and provision of bilateral hear-
ing with fewer complications.
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