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Evaluation of a percutaneous
bone conduction system using
the Ponto BHX implant in a
pediatric population with
congenital conductive hearing
loss—a 1 year prospective
follow-up study

Hanna Josefsson Dahlgren®?*, Kia Nghr Iversen?®,
Malou Hultcrantz! and Cecilia Engmér Berglint?

!Division of ENT Diseases, Department of Clinical Intervention and Technology, Karolinska Institutet,
Stockholm, Sweden, 2Medical Unit Ear, Nose, Throat and Hearing, Karolinska University Hospital,
Stockholm, Sweden, *Oticon Medical AB, Askim, Sweden

Introduction: Bone conduction hearing systems is a well-established treatment
for patients with conductive or mixed hearing losses, such as conductive
hearing loss caused by congenital aural atresia. Percutaneous bone conduction
systems consist of a titanium fixture implanted in a temporal bone and a
skin penetrating abutment connecting to an external sound processor. Implant
design and surgical techniques have developed over time and while one-stage
minimally invasive procedures have long been the standard in adult patients, the
development has been more cautious in pediatric patients as they have been
more prone to complications and implant loss. The purpose of this study was
to collect systematic data from a pediatric population receiving a percutaneous
bone conduction hearing device, the laser ablated Ponto BHX implant, in a
one-stage surgical procedure.

Methods: Prospective, one-armed, observational cohort study of children
undergoing surgery for a percutaneous bone conduction device with a laser
ablated fixture. Outcomes were assessed at screening, during surgery, 7-10
days after surgery, 6-14 weeks after surgery, and 12 months after surgery. The
primary outcome was implant stability over 12 months. Furthermore, implant
survival, skin reactions, and audiological performance were evaluated, and
implant survival was compared to a retrospective control cohort.

Results: Fifteen study participants with a mean age of 6 years (range 3-12
years) were included. Three were bilaterally implanted, rendering a total of 18
implants. Implant stability showed a 10-point increase in mean implant stability
measurements at 12 months, compared to at surgery. Four implants (22%) were
lost before the 12-month follow-up, which was comparable to the retrospective
cohort where the 12-month implant loss rate was 23%. Across the 12-month
period, 8/18 implant sites had a maximum Holgers score of O, indicating no skin
reactions. The remaining implant sites had a maximum Holgers score of 1-3.
Conclusion: In conclusion, this study shows safe and reliable outcomes using
laser ablated fixtures for one stage surgery in a pediatric population.

Public trial registration: ClinicalTrials.gov, identifier: NCT03723161.

KEYWORDS

bone conduction implant, percutaneous bone anchored hearing system, conductive
hearing loss, aural atresia, one-stage BCD surgery, audiology, pediatrics
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1 Introduction

Bone conduction devices (BCDs) are used to transmit sound
through the bone of the skull to the cochlea when conventional
hearing aids are not an option, such as in cases of aural
atresia or chronically infected ears. BCDs can be used in passive
transcutaneous forms from infancy, worn on a soft headband or
a more rigid arc. Titanium fixtures used for dental prosthesis
were initially developed by Branemark in Gothenburg, Sweden
and has been used for hearing implants since 1977 (Tjellstrom
et al, 1981). Surgically implanted percutaneous BCDs using
titanium implants fixated in the temporal bone, a skin-penetrating
abutment and a sound processor attached to the abutment
have been the treatment of choice due to their superior sound
transmission properties. As the implant is fixed into the bone
of the skull, the attenuation of the skin and soft tissues is
surpassed, allowing a higher degree of amplification, especially
in the higher frequencies (Verstracten et al, 2009; Reinfeldt
et al, 2015). Percutaneous BCDs are generally available from
approximately 3 years of age, though practices vary (Kruyt et al.,
2020).

Since its invention, the surgical technique for implanting
percutaneous BCDs have developed from invasive two-stage
procedures with extensive tissue reduction and skin transplants
to minimally invasive one-stage procedures supporting tissue
preservation (Lagerkvist et al., 2020). Once the implant fixture
is placed in the bone, the titanium will osseointegrate into the
bone, an immune driven process where new bone will form
on the surface if the implant anchoring it more firmly into
the implant site. The process of osseointegration is affected by
surgical technique, implant surface structure and form, as well
as individual factors such as the quality of the surrounding
bone, comorbidities, smoking and BMI (Esposito et al., 1998;
Lee and Bance, 2019). Children have been found to be more
prone to implant loss compared to adults (McDermott et al,
2009; Bezdjian et al., 2018), and also have a larger proportion
of skin irritation at the implant site (Kruyt et al, 2020). In
the pediatric population, wide implants with a diameter of
4.5mm have been found to provide a higher implant survival
rate than the original 3.75mm implants (Kruyt et al, 2020).
Recent clinical studies on laser ablated implants used for
BCDs have shown an implant survival rate of 97% in adults
(Kruyt et al, 2018) and 96.6% in children (Osborne et al,
2022). Both the wider diameter and the laser ablated surfaces
contributes to a larger bone-implant interface and thereby an
improved biomechanical anchorage compared to the traditional
machined implants, and thereby improved implant stability
(Westerkull and Jinton, 2012; Shah et al., 2016; Lee and Bance,

2019).

The purpose of this study was to evaluate the
performance and stability of the laser ablated implant
Ponto BHX implant, following a one-stage implantation
procedure in a pediatric population. Implant stability
quotient (ISQ) 12 months after implantation was the
primary endpoint. Implant survival was compared to a

retrospective cohort of pediatric study participants from the
same clinic.
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2 Materials and methods
2.1 Study design

The study was designed as a prospective, single center
observational study of pediatric study participants undergoing one-
stage surgery for a BCD using a laser ablated Ponto BHX implant
(Oticon Medical, Askim, Sweden). For comparison of implant
survival, a retrospective control group implanted with the previous
Ponto Wide implant was included.

2.2 Study population

Patients between 2.5 and 18 years of age diagnosed with
unilateral or bilateral congenital conductive hearing loss, referred
for percutaneous BCD surgery and eligible for one-stage surgery,
were invited to participate in the study. Furthermore, all study
participants used BCD on a softband during a trial period of at
least 2 weeks prior to surgery. Before inclusion, parents or legal
guardians had to provide informed consent in writing. Individuals
not fluent in Swedish (patient or legal guardian) or those who
did not wish to participate in follow-up visits were excluded.
Participants were withdrawn if they could not undergo one-
stage procedure, lost the implant, were unwilling/unable to attend
follow-up visits or considered unfit to continue by the responsible
physician. Participants were included in the prospective cohort
between September 2018 and November 2021.

The retrospective cohort consisted of children aged 2.5-18
years, diagnosed with congenital conductive hearing loss, that
had undergone one-stage BCD surgery using the Ponto Wide
implant prior to 2018 (actual surgery dates September 2012-
November 2017).

2.3 Implants

The implants used in the prospective cohort were the Ponto
BHX Implant, while the Ponto Wide implant was used in the
retrospective cohort (Oticon Medical, Askim, Sweden). The Ponto
Wide and Ponto BHX implants are similar in design, but the
Ponto BHX implant has a laser ablated surface (Biohelix™),
which has been shown to improve osseointegration (Westerkull
and Jinton, 2012; Shah et al, 2016). The implants both have a
diameter of 4.5mm and are available in two different lengths
(3 and 4mm). Both implants are available with a pre-mounted
abutment (length 6,9, 12, or 14 mm), which is suitable for one-stage
implantation. Implants without pre-mounted abutments were used
as sleeper implants.

2.4 Surgical procedure

Implantation was performed under general anesthesia using
a one-stage, single incision technique without skin thinning
(Hultcrantz, 2015). The thickness of the skin at the implant site
was measured using a needle prior to injection of local anesthesia.
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Implants were positioned posterior to or at the incision line. The
thickness and quality of the bone was noted while drilling was
performed, as well as any complications, such as bleeding and
exposure of the dura mater. A pre-mounted implant/abutment
complex was installed, as well as a separate sleeper implant. The
skin was then punched to fit the abutment and threaded over the
abutment. The skin incision was sutured, and a healing cap was
installed covering the implant site.

2.5 Measurements of implant stability

ISQ was measured using an Ostell ISQ device (Osstell AB,
Gothenburg, Sweden). The device uses resonance frequency
analysis (RFA) to excite a small rod (SmartPeg, Osstell AB,
Gothenburg, Sweden) inserted into the abutment. The vibrations
transmitted through the abutment and implant are measured by the
device and expressed as ISQ on a scale of 1-100, with a higher value
indicating a more stable implant (Sennerby and Meredith, 2008).
Two perpendicular measurements were done and the lower of the
two (denoted ISQ low) was the primary endpoint, while the higher
(denoted ISQ high) was reported as a secondary outcome.

2.6 Follow-up visits

Surgical follow-up was planned at 7-10 days post-surgery, while
fitting of the sound processor was scheduled 6-14 weeks after
surgery. In addition, the patient visited the clinic for follow-up
assessments at 12 and 24 months after surgery. The present study
includes data up to the primary endpoint evaluation at 12 months.
ISQ values were measured at all follow-up visits. Skin healing was
assessed as well as skin reactions according to the Holgers score
(Holgers et al., 1988) and the IPS (Inflammation, Pain, Skin height)
score (Kruyt et al., 2017). In addition, data was collected at any
unplanned visits occurring between the scheduled follow-up visits.

2.7 Sound processor fitting and
audiological assessment

Audiological measurements were performed by an experienced
pediatric audiologist at the hearing rehabilitation clinic for
children, in a soundproof double walled booth according to ISO
8253-1:2010 using a Ponto sound processor (Oticon Medical,
Sweden). Pure tone thresholds were obtained at 250, 500, 1,000,
2,000, 4,000, and 6,000 Hz in a free sound field. Pure tone average
(PTA4) was calculated as the average of thresholds at 500, 1,000,
2,000, and 4,000 Hz. Prior to surgery, thresholds were obtained
with the patient wearing the sound processor on a Softband,
while thresholds were obtained with the sound processor on the
abutment at the fitting visit and at the 12-month visit. Bone
conduction (BC) in situ measurements were conducted as part of
the fitting process in the fitting software (Genie Medical, Oticon
Medical, Sweden) at all three occasions. In bilateral cases, BC
in situ assessments were performed separately for each implant
whereas aided thresholds were tested with both sound processors
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activated. In the case of unilateral implantation, the contralateral
ear was blocked during audiological testing using an earplug
(3M 1100, Minnesota, USA) and an earmuff (Peltor Optime III,
Minnesota, USA).

2.8 Statistical analysis

Due to the observational nature of the study, the analysis
consisted of within subject comparisons over time. Conservative,
non-parametric Wilcoxon Signed Rank test was used for
comparisons of continuous data, due to the relatively small sample
size and deviations from normal distribution. Data was analyzed
using Microsoft Excel (Microsoft 365, version 2303) and R (version
4.3.1, The R Foundation for Statistical Computing, Vienna,
Austria). Missing data was imputed using last observation carried
forward for the primary outcome (ISQ low), while secondary
outcomes were analyzed using an intention-to-treat approach
including all available data without imputation.

Sample size was calculated for the primary endpoint, ISQ low at
12-month follow-up compared to at surgery, to detect a difference
of 5 ISQ points. A standard deviation of 5 was assumed, and the
significance level was set to 5%, with 80% power, leading to a
minimum of 14 study implants needed to be included.

3 Results
3.1 Population

Fifteen individuals were included in the prospective cohort.
Three study participants were bilaterally implanted; therefore
the total number of implants was 18. During the first 12
months, 4 implants/3 study participants were excluded due
to implant loss and 2 study participants/implants were lost
to follow up (Figurel). Both participants who were lost
to follow up left the study after fitting. All enrolled study
participants were included in the primary analysis population.

Surgery  7-10 days 6-14 weeks 12 months
Surgical Fitting visit Follow-up
follow-up and follow-up (primary endpoint)

Enrolled and completed
surgery: n=15/18
(Primary analysis population)

Withdrawn before 12-month follow-up:
- Implant loss: n=3"/4

y - Lost to follow-up: n=2/2

12-month follow-up: n=10/12

v

FIGURE 1

Study design (top) and flow chart of participants enrolled in the
prospective cohort (bottom). n denotes study participants/implants.
*One patient was bilaterally implanted and was not excluded as the
other implant was not lost.
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In the retrospective cohort, 28 individuals were included out of
which three were bilaterally implanted, resulting in a total of
31 implants.

Demographics for the enrolled study participants in
both cohorts are presented in Table I. Mean =+ SD age
was 5.6 + 2.8 in the prospective cohort and 6.3 £+ 4.1 in
the retrospective cohort. In both groups there was a male
predominance (11/14 in the prospective cohort and 20/28 in
the retrospective cohort). In the prospective cohort 7/15 study
participants were <5 years old at the time of surgery, while
the corresponding numbers were 13/28 study participants in
the retrospective cohort. All participants in the prospective
cohort had congenital conductive hearing loss, all but one
having aural atresia. Atresia was present in 26 of the participants
in the retrospective cohort. In the prospective cohort, three
participants were syndromic as of one in the retrospective group

(Table 1).

3.2 Surgical data

3.2.1 Prospective cohort

All surgeries were performed under general anesthesia followed
by local anesthesia in the surgical field by an experienced surgeon.
Linear incision technique was used in 17 cases; in one case the
incision was placed in an older semi-circumferent scar. The skin
thickness was (mean £ SD) 4.0 & 1.0 mm, and no reduction of
subcutaneous tissue was performed. Of the implants inserted 9 were
4mm and 9 were 3mm. All participants also received a sleeper
implant (4 mm » = 5, 3 mm n = 13). Reported surgical events were
exposure of the dura mater (n = 12), repositioning of the implant
(n = 2), angled insertion of implant (n = 1) and revision of skin
punch hole (n = 1). Abutment lengths used were 6 mm (n = 9)
and 9mm (n = 9). All implants were fully seated at the end of
the procedure.

3.2.2 Retrospective cohort

Study participants were implanted with wide implant; either
4mm (n=6) and 3 mm (n = 25) long. All surgeries were performed
under general anesthesia and supplemented with local anesthetics
in 30/31 implant sites. Skin thickness was measured to (mean & SD)
4.4 + 2.0mm (n = 27, data not available in 4 cases). No reduction
of subcutaneous tissue had been performed. Most participants were
operated using the linear incision technique (# = 30) whereas one
participant underwent Minimally Invasive Ponto Surgery (MIPS;
Johansson et al., 2017). The abutment lengths used were 6 mm (n =
25), 9mm (n = 3), and 12mm (n = 3). One implant was partially
seated whereas 30 were fully seated. In most cases, a wide sleeper
implant was installed (4mm n = 2, 3mm #n = 21, unknown/not
used n = 8).

3.3 Implant stability

ISQ was measured at the end of surgery, at 7-10 days
postoperatively and at 12 months follow up in the prospective

Frontiersin Audiology and Otology

10.3389/fauot.2025.1677161

TABLE 1 Demographic data.

Prospective cohort Retrospective
(15 cohort
(28 study
participants)

study participants)

Gender (male/female) 11/4 (73%/27%) 20/8 (71%/29%)
Age (years) 56+285 6.3+ 4.1
(3;12) 5(2;17)
Weight (kg) 25+ 124 24+ 13.4%
19 (14; 61) 19 (13; 66)
Height (cm) 115+ 17.7 119 + 20.4*
110 (91; 155) 112 (90; 169)
BMI (kg/m?) 18 +3.1 16 £ 2.7*
16 (13;25) 15 (13;24)
BMI z-score’ 0.57 £ 1.41 —04 £ 1.1*

0.67 (—2.9;2.79) —0.28 (—3.29; 1.13)

Smokers 0 (0%) 0 (0%)
Ethnicity
- Caucasian 11 (73%) 14 (50%)
- Asian 1 (7%) 6 (21%)
- African 1 (7%) 0 (0%)
- Hispanic 1(7%) 1 (4%)
- Other 1(7%) 1 (4%)
- Unknown 0 (0%) 6 (21%)
Comorbidities (n) Noonan syndrome (1) Cleft palate (2)
Treacher Collins Connective tissue
syndrome (1) disorder with
Hurler’s syndrome (1) keloids (1)
Absence attacks (1)
Mild spastic
cerebral palsy (1)

Treacher Collins
syndrome (1)

Hearing loss

-Acquired/congenital 0/15 (0%/100%) 1/27 (4%/96%)

-Unilateral/bilateral 9/6 (60%/40%) 23/5 (82%/18%)

Scheduled surgery:

-Unilateral/bilateral 12/3 (80%/20%) 25/3 (89%/11%)

-If unilateral; left/right 6/6 7/18

Data is mean + SD, median (min; max) or n (%). *Weight/height/BMI/z-score in historical
cohort n = 25 due to missing data. YCalculated using: https://zscore.research.chop.edu/
calcbmi.php, Children’s Hospital of Philadelphia Research Institute, Philadelphia, USA.

cohort. ISQ high/low was (mean £ SD) 45 £ 9.7/39 £ 10.4
(n = 18) at surgery, 45 £ 9.7/37 £ 11.0 (n = 18) at 7-
10 days postoperatively and 54 + 6.8/49 = 7.7 (n = 11) at
12 months follow up. When comparing ISQ high/low for the
14 implants still in situ at 12 months follow up data imputed
using last observation carried forward for 3 implants with
missing data (2 lost to follow up, 1 missed visit), there was a
significant improvement in implant stability between surgery and
12 months (p = 0.011; ISQ high) and p = 0.014 (ISQ low;
Figure 2).
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FIGURE 2

Implant stability quotient (ISQ) high and low at surgery, 7—10-day
follow-up and at 12-month follow-up. Data is shown as individual
datapoints, as well as summarizing boxplot. Lost implants have been
excluded, and missing data has been imputed using last observation
carried forward (n = 3 at 12-month follow-up), for primary analysis
of the primary endpoint.

3.4 Implant survival

During the first 12 months, 4 of 18 implants in the prospective
cohort were lost resulting in an implant survival rate of 78% (3 mm
implant n = 3, 4mm implant n = 1). The traumatic implant loss
occurred in a bilaterally implanted 3-year-old patient who suffered
a fall 38 days after surgery which led to loss of one implant, while
the other was not affected and was in situ at the 12-month follow-
up. No skin reactions or other problems were reported prior to the
incident, and the site of the lost implant was reported to heal well.

The other three implant losses occurred 87, 258, and 266 days
after surgery, in unilaterally implanted patients (aged 4, 6, and
8 years), and were reported to be caused by infections. The loss
that occurred 87 days after surgery, was preceded by a 2-month
long period of recurring infections leading up to the implant loss,
although there were no indication of infections or skin reactions
at the 7-10-day visit. The ISQ measured at surgery and 7-10-day
follow-up were 41/35 and 44/43 (ISQ high/low), respectively. For
the implant losses occurring 266 and 258 days after surgery, there
were no reported skin reactions, aside from a single occurrence of
inflammation in one of the implants 6 months prior to the implant
loss that was treated with topical antibiotics. The ISQ values were as
follows: 46/44 (surgery), 41/36 (7-10-day visit) and 46/44 (surgery),
46/12 (7-10-day visit; ISQ high/low).

In the retrospective cohort, 7/31 implants were lost during the
first year of follow up resulting in a 77% implant survival rate
(3mm implant # = 6, 4mm implant n = 1). The implant losses
were attributed to traumatic implant losses n = 3 (38-82 days
after surgery), spontaneous losses # = 3 (32-79 days after surgery)
and infection n = 1 (48 days after surgery). One of the cases with
traumatic implant loss had reported some infection at the implant
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site in the days leading up to a fall that caused the implant loss. The
case with implant loss due to infection was treated with antibiotic
ointment in the week leading up to the loss of the implant. No skin
reactions or other problems were reported for the remaining cases
that suffered implant loss.

3.5 Skin reactions

Skin reactions in the prospective cohort were addressed using
the Holgers scale as well as the IPS scores at all scheduled follow
up visits and at any unplanned visits. At 7-10 days postoperatively,
the surgical wound was noted to be healed in all study participants
and a Holgers score of 0 as well as an IPS score of 0 observed in all
implant sites (Tables 2, 3). At 12-month follow-up, four implants
were noted to have a Holgers score or IPS score above 0 (max scores
Holgers 2, 12P1S1), however skin reactions were more frequently
registered at unscheduled visits (Tables 2, 3). Fifty percentage (n
= 9) of the implant sites had an adverse skin reaction (maximum
Holgers >2) at least once during the time of follow up (Table 2).

Of the three implants that were lost due to infection, two were
reported to have a maximum Holgers score of 3 and maximum
IPS scores of 14P2S2 and I4P1S0. For the third infection-related
implant loss, no Holgers or IPS scores were reported aside from
the 7-10 follow-up visit where no skin reaction was observed (all
scores 0). The last implant loss was a traumatic loss, where no skin
reactions were observed prior to the traumatic event that led to the
implant loss.

3.6 Audiological performance

On average, study participants were fitted with the sound
processor 8 weeks after surgery (range: 4-12 weeks). BC in
situ thresholds were lower at fitting when using the abutment,
compared to at screening when using the sound processor on
a softband, primarily at the higher frequencies (1,000-6,000 Hz;
Table 4). A similar pattern was observed for the aided thresholds.
PTA4 was lower in the abutment aided conditions at fitting,
compared to softband aided conditions at screening (mean
difference: —4 & 4.6 dB, p = 0.028). Generally, the difference in BC
in situ and aided thresholds seemed to attenuate over the 12-month
follow-up period, however this could be caused by the reduction
in sample size, and consequently loss of power, due to fewer study
participants completing audiological assessment at 12 months. This
is supported by the estimates at 12-month follow-up being similar
to those at fitting (Table 4). In 78% of the cases, the audiological
assessments were performed using sound processors belonging to
the Ponto 3 family (mainly Ponto 3 SuperPower), whereas the
remaining were done using Ponto 4, Ponto Pro and Ponto Plus.

4 Discussion

This study reports 1 year data on a pediatric population,
characterized by a relatively low age and prevalence of
co-morbidities, undergoing BCD treatment in a one-stage
implantation surgery. These patients were implanted with the
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TABLE 2 Inflammation, pain, and skin (IPS) scores across visits (n = 18 implants in 15 study participants).

7-10-day follow-up

12-m

th follow-up

Unscheduled vi

10.3389/fauot.2025.1677161

iits

(n = 18 implants) (n = 11 implants™*) (n = 37 visits)
I-score  P-score S-score I-score  P-score S-score I-score P-score S-score

Score 0 18 (100%) | 18 (100%) 18 (100%) 8 (73%) 9 (82%) 8 (73%) 7 (19%) 12 (32%) 10 (27%)
Score 1 0 (0%) 0 (0%) 0 (0%) 2 (18%) 2 (18%) 3(27%) 1(3%) 8 (22%) 8 (22%)
Score 2 0 (0%) 0 (0%) 0 (0%) 1(9%) 0 (0%) 0 (0%) 3 (8%) 1(3%) 3(8%)
Score 3 0 (0%) 0 (0%) 6 (16%)

Score 4 0 (0%) 0 (0%) 4(11%)

Not reported* 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (%) 0 (%) 16 (43%) 16 (43%) 16 (43%)

Inflammation is rated on a scale of 0-4, while pain and skin is rated on a scale of 0-2. *Two study participants were lost to follow-up, one participant could not attend the visit and four implants
were lost. T% calculated across visits, visits occurred across 12 implants. *Visits where IPS score was not reported. I-score, inflammation; P-score, pain; S-score, skin.

TABLE 3 Holgers scores across visits and implants (n = 18 implants in 15 study participants).

Unscheduled visits Max reported score per

7-10 day follow-up

12 month follow-up

visit visit (n = 37 visits™) implant
(n = 18 implants) (n = 11 implants™) (n=18)
Holgers 0 18 (100%) 8 (73 %) 9 (24%) 8 (44%)
Holgers 1 0 (0%) 2(18 %) 2(5%) 1(6%)
Holgers 2 0 (0%) 1(9%) 8 (22%) 2(11%)
Holgers 3 0 (0%) 0 (0%) 10 (27%) 7 (39%)
Holgers 4 0(0%) 0 (0%) 0 (0%) 0 (0%)
Not reported 0(0%) 0 (0%) 8 (22%) -

*Two study participants/implants were lost to follow-up, one patient/implant missed the visit, and four implants were lost. **37 unscheduled visits occurring across 12 implants, % calculated

across visits.

laser-ablated Ponto BHX implant and implant survival was
compared to a retrospective cohort of pediatric patients implanted
with the previous generation of implants without laser ablation
(Ponto Wide). The two cohorts were similar in their baseline
characteristics. Typically, BCD is used when conventional hearing
aids are not an option such as in congenital aural atresia, which
is known to affect males in a higher degree (Kelley and Scholes,
2007), explaining the male predominance in both groups.

The primary outcome was ISQ, which increased significantly
over time, which is indicative of developing osseointegration
(McLarnon et al,, 2014). The increase was mainly driven by an
increase in ISQ score for the implants with the lowest scores
at surgery, whereas the implants that already had higher ISQ
scores at surgery did not increase substantially over time. The
increase in ISQ over time is comparable to the findings of previous
publications investigating the same implant (Kruyt et al, 2018;
Osborne et al., 2022; Moller et al, 2024). Abutment length has
been shown to affect ISQ scores, longer abutments being associated
with lower ISQ- values (Hogsbro et al, 2020) and it cannot
be ruled out that some of the variation in the ISQ data was
influenced by different abutment lengths. However, none of the
participants had a change in abutment during the follow-up period
and statistical evaluation evaluated intra-individual changes over
time, minimizing the influence of inter-individual variation due
to differences in abutment length. As there are no established
reference values for ISQ of hearing implants, conclusions based on
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absolute values should be done with care. The values observed in
the present study are similar to what has been observed in recent
studies (Moller et al., 2024; Teunissen et al., 2025b,a), albeit slightly
lower than some older studies (Wazen et al., 2015; Nelissen et al.,
2016).

The implant survival rate was 78% in the prospective cohort,
which is lower than what is generally expected (Kruyt et al,
20205 Lagerkvist et al., 2020). However, implant losses are more
frequent in younger pediatric populations (Kruyt et al., 2020) and in
syndromic populations (Salameh et al., 2023). The implant survival
rate was similar in the retrospective cohort indicating that the
implant survival rate found in this investigation is in line with
what can be expected in this specific population (Bezdjian et al.,
2018; Salameh et al., 2023; Bradley et al., 2024). Though traumatic
implant losses are more common in pediatric patients than in adult
patients (Bezdjian et al., 2018), implant losses due to other reasons
such as infection or failed osseointegration are frequently reported
as a cause of implant losses in children (Salameh et al., 2023; Bradley
etal., 2024).

The rough surface of the laser ablated implant possibly allows
for a firmer osseointegration in the first months after implantation.
Such clinical correlations need to be further investigated but it can
be noted that implant losses in the retrospective cohort all occurred
within 3 months post-surgery, whereas the implant losses in the
prospective cohort occurred more widespread over the 12-month
follow-up period. However, conclusions should be drawn carefully
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TABLE 4 BC in-situ (n = 18 implanted ears*) and aided free field thresholds (n = 15 study participants*) evaluated at screening, fitting and 12-month

follow-up.

BC in situ thresholds

500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 6,000 Hz
Screening (softband) 8+92 15+ 144 26 £12.8 23 £10.6 31+£13.230 37 £10.0
8 (—5;25) 13 (—5; 35) 28 (10; 45) 25(10;35) n=10 (10; 55) 35 (25; 60)
n=10 n=10 n=10 n=10 n=10
Fitting (abutment) 5£9.0 4483 14+9.1 11 +£10.5 14 +13.2 17+ 13.2
5(—5;25) 5(—5;20) 10 (05 35) 10 (0 45) 10 (05 55) 15 (55 55)
n=14 n=14 n=14 n=14 n=14 n=14
12 months (abutment) 7 +10.9 6+93 13+3.6 14+ 6.5 11+ 12.1 12+ 11.5
5(—5;30) 5(—5;25) 10 (105 20) 10 (105 30) 10 (0; 40) 10 (05 35)
n=9 n=9 n=9 n=9 n=9 n=9
AScreening to fitting 1+88 —8+ 154 —12+16.2 —124+12.0 —19+129 —22415.0
0 (—10; 20) —5(—35;15) —15 (—45; 10) —10 (—30; 5) —20 (—45;0) —20 (—55; —5)
p=0.930 p=0.181 p=0.049 p=0.028 p=0.014 p=0.009
n=9 n=9 n=9 n=9 n=9 n=9
AScreening to 12-months 11+11.1 3£21.0 —9+£20.6 -5 3+144 —10 £26.8 —26 £22.9
10 (05 25) 5(—25;25) (—35;10) 3 (—15; 20) —13 (—40; 25) —25(—55;0)
p=0.181 p=1 p=0.625 p=20.789 p=0.625 p=0.181
n=4 n=4 n=4 n=4 n=4 n=4

Aided free field thresholds

1,000 Hz 2,000 Hz 4,000 Hz 6,000 Hz PTAE‘
Screening (softband) 25+6.7 23+52 21+93 26£7.9 33+10.3 38 +10.1 26 +5.2
25 (15; 40) 20 (15; 30) 20 (0; 35) 25 (15; 45) 35 (10; 50) 35 (25; 60) 25 (15; 34)
n=12 n=13 n=13 n=13 n=13 n=13 n=13
Fitting (abutment) 29 +6.130 18 +4.7 21 +6.120 25+5.9 30 4+7.430 30+75 23 4+4.323
(205 40) 20 (10; 25) (105 35) 20 (205 35) (20; 50) 30 (20; 50) (19; 35)
n=13 n=13 n=13 n=13 n=13 n=13 n=13
12 months (abutment) 27+7.0 16 £ 9.5 18 +10.7 18 23+11.6 26 +10.6 25 28 +£6.8 21492
25 (205 40) 18 (05 25) (0; 35) 20 (5; 40) (10; 40) 28 (205 40) 19 (4; 33)
n=7 n=38 n=38 n=38 n=238 n==6 n=38
AScreening to fitting 24610 —5+72 —1+£136 —3+62 —6+79 —8+8.1 —4+46
(=5;15) —5 (=205 5) —3(—15;35) —5(—10; 10) —8(—20;5) —5(—25;0) —3(—10;4)
p=0281 p=0.033 p=0474 p=0.115 p=0.031 p=0.008 p=0.028
n=11 n=12 n=12 n=12 n=12 n=12 n=12
AScreening to 12-month 3+121 —6+11.9 —7+139 —3+13.6 —5+18 —7+133 —5+12.3
0 (—10;25) —3(—30;5) —8(—30; 10) —3(—25;20) —8 (—25; 30) —8 (—20; 15) —6(—28; 16)
p=1n=6 p=0.203 p=0.201 p=0672 p=0438n=38 p=0279 p=0.207
n=2_8 n=2_8 n=2_8 n==6 n=28

*The number of available data points for each outcome differs due implant loss, participants being lost to follow-up, and participants not completing all measurements. The number of included
data points are stated for each measurement. Data is mean + SD, median (range) and p-value from Wilcoxon signed rank test. TPTA4 is calculated as the mean of 500 Hz, 1k Hz, 2k Hz, and

4k Hz. p-values <0.05 are highlighted in bold.

as the sample size in the present study is small and the retrospective
and prospective method of data collection may not be completely
comparable. Generally, the ISQ scores of the lost implants were
similar to those of the implants that remained in situ, indicating
no association between implant survival and ISQ score. However,
ISQ was only measured at surgery and 7-10 days post-surgery in
the lost implants, thus it is unknown how the ISQ scores developed
up to the time of the implant losses which occurred at 38-266 days
after surgery. ISQ was not routinely measured in the retrospective
cohort, and no comparison could be made.

There was a relatively high frequency of skin reactions with
50% (9/18) of the implant sites having an adverse skin reaction
(Holgers >2) at least once during the 12-month follow-up. This
was also reflected in the IPS scores, where skin reactions were
frequently reported. However, other studies have shown that
populations including syndromic pediatric study participants and
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younger children are more prone to skin reactions, so although
the frequency of skin reactions was seemingly high it may be
within normal range in this population (Amonoo-Kuofi et al,
2015; Salameh et al., 2023; Bradley et al., 2024). Importantly, skin
reactions were not severe enough to warrant abutment removal
or revision surgery, indicating that although there was a high
frequency of skin reactions, they could be sufficiently managed.
During the first years of the study, the organization for managing
complications arising in individuals with percutaneous BCDs
changed at our hospital, and new staff had to be trained to manage
these issues. Furthermore, a large part of the study was conducted
during the COVID-19 pandemic, which introduced changes in the
routines around surgical procedures and general follow-up in many
parts of the healthcare system (Ekman et al., 2021; Melander et al.,
2021). These factors might have affected the study participants and
thereby the results of the study.
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Three of the four implant losses in the prospective cohort
were attributed to infections. However, among the implants in
situ after 12 months, the prevalence of adverse skin reactions
during the 12-month were also 50% (7/14), indicating that the
rate of skin reactions was not systematically higher among study
participants who suffered implant losses. The last implant loss
within the prospective cohort was due to trauma to the implant site
approximately 1 month after surgery. This patient was bilaterally
implanted and as the other implant was in place at the 12-month
follow-up, it is likely that the implant loss was not mediated by
poor osseointegration, but merely a traumatic implant loss which
children are generally more prone to than adults (McDermott et al.,
2009).

An implant loss rate of approximately 15% has been previously
described in children (Kruyt et al., 2020). Osborne et al. (2022)
reported an implant loss rate of only 3.4% using the wide Ponto
BHX implant. The discrepancy to the present study might be
partially explained by differences in the base line characteristics of
the study participants. The participants in the study by Osborne
et al. (2022) were slightly older (8.8 £ 3.5 years of age) and
surgery was performed in two stages. There was also a slight
female dominance in the study by Osborne, compared to the
male dominance in the present study. This could indicate that the
underlying indications for the surgery differs between the cohorts,
as certain indications, such as atresia, are more common among
males than females. It cannot be ruled out that the difference in
implant failure might be due to patient selection, the younger
children in the present study being more prone to infections and
head trauma (McDermott et al., 2009; Amonoo-Kuofi et al., 2015)
or due to differences in surgical technique.

Traditionally a two-stage approach has been employed for
BCD surgery in children, where the implant with a cover screw
is inserted in the skull bone and allowed to osseointegrate, before
the skin penetrating abutment is placed in a second surgery
(Doshi et al., 2012). Performing the surgery in two stages has
mainly been a precaution, as children tend to have thinner skull
bones than adults and can be more prone to traumatic injuries
to the implant site, leading to implant loss. However, one-stage
surgery is standard practice in adult populations today and has
been adopted for pediatric populations with good results (Saliba
et al, 2012; Kruyt et al., 2020; Moller et al, 2024; Teunissen
et al., 2025b,a). As most implantations in children are performed
under general anesthesia, the one-stage procedure has an obvious
advantage as the child only needs to undergo anesthesia once.
Furthermore, as only one procedure is needed, the time between
decision to treat and the child being fitted with a sound processor
can be shortened substantially (Teunissen et al, 2025a). Even
though the implant loss rate in the present study was high, the
authors still consider one stage surgery for BCD to be safe and
advantageous compared to two stage surgery. If all participants
who suffered implant loss in the present study underwent a second
surgery to call up the sleeper implant, a second surgery under
general anesthesia would still only have had to be performed in
22%, compared to 100% if a two-stage surgery protocol was to
be applied.

The audiological data suffered from a high degree of missing
data, mainly due to the young age of the study participants, who had
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difficulties completing the audiological tests. Furthermore, most of
the assessments were performed with sound processors belonging
to the Ponto 3 family, which has since been surpassed by the
Ponto 4 and Ponto 5 families of sound processors. Nonetheless, the
PTA, for aided free-field thresholds and the BC in-situ indicate an
improvement in hearing thresholds when switching from a passive
transcutaneous to a percutaneous device. The difference was most
noticeable in the higher frequencies, which is in line with previous
findings (Verstraeten et al., 2009; Pittman, 2019).

4.1 Conclusion

In conclusion, this study shows a positive development
in implant stability over a 12-month period using the laser
ablated Oticon Ponto BHX implant in a pediatric population
having undergone one stage surgery. The complication rate and
implant loss rate were higher than what is expected in the
general population, but within normal range considering that the
population is characterized by young children who are prone to
traumatic implant loss and with a prevalence of comorbidities
that might be associated with worse outcomes. Audiological data
suffered from a high degree of missing data, but nonetheless
the available data did indicate a positive change in hearing
thresholds when with an implantable BCD compared to the non-
surgical solution.
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