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Objectives. Bone-anchored hearing device (BAHD) is contraindicated in patients younger than 5 years because their cal-
varial bones are not thick enough to be implanted site. However, it has not been studied in the Korean population.
This study was not only to establish a safe guideline for depth of implant device in all age groups who undergo
BAHD implant surgery, but also to investigate whether implantation of currently used BAHDs could be done safely

in Korean children, especially those younger than 5.

Methods. Two hundred eighty patients, who underwent high-resolution temporal bone computed tomography (TBCT) im-
ages between August 2010 and October 2018 were randomly enrolled in all ages. We retrospectively reviewed TBCT
imaging to measure skull bone thickness at the recommended BAHD implant site.

Results. The average skull bone thickness was 2.87 mm in patients younger than 5 years and 6.72 mm in patients older
than 5 years, respectively, which conforms to the current guideline. The results indicate nearly 50% of calvarial bone
thicknesses were less than 3 mm in patients under 5 years old, while 92.78% of the patients older than 5 years of
age showed bone thickness greater than 4 mm. Of note, calvarial bone thickness was thicker than 3 mm in all pa-

tients who are older than 6 years.

Conclusion. This study confirms that the currently approved BAHD implantation guideline is suitable in the Korean popu-
lation. For safety, we suggest taking TBCTs prior to surgery, especially in pediatric patients. Besides, noninvasive ap-

plications are recommended for patients younger than 5.
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INTRODUCTION

Bone conduction devices (BCDs) have improved hearing for pa-
tients who have hearing loss when conventional air conduction
hearing aids are inappropriate [1]. Conventional BCDs were de-
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veloped in the beginning of the 20th century with a sound pro-
cessor attached with spectacles, steel spring headbands, or soft
headbands [2]. Osseo-integrated titanium implants were suc-
cessfully introduced into clinical field of otology in the late
1970s by Tjellstrom et al. [3]. This new percutaneous BCDs
transmits vibrations through screw directly to the bone instead
of through the skin, and the high frequencies can be preserved
[4]. But it still has drawbacks such as loss of osseointegration or
skin complications. Since then, implantable BCDs have newly
developed over recent years [5]. To conduct sound directly to
the cochlea, a titanium prosthesis is implanted into the calvari-
um, and there are two ways to attach an external processor (re-
ceiver) to the implant, via a percutaneous abutment or via
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transcutaneous magnetic attraction [6]. Although percutaneous
types, such as the Baha Connect (Cochlear Corp., Sydney, Aus-
tralia), Bone Bridge (Med-El, Innsbruck, Austria), and Ponto (Ot-
icon Medical, Askim, Sweden), have 5 to 7 dB more auditory
gain due to direct coupling of the processor (receiver) to the im-
plant, transcutaneous types, like the Sophono (Medtronic, Dub-
lin, Ireland) and Baha Attract (Cochlear Corp.), are cosmetically
better and safer with fewer soft tissue complications [6].

The audiological indications for osseointegrated auditory de-
vices include unilateral or bilateral conductive or mixed hearing
loss [6]. Single-sided sensorineural deafness can be also a good
candidate for this type of device that stimulates contralateral co-
chlea [7]. In addition, hearing loss patients with different kinds
of etiologies including congenital, acquired, infectious, neoplas-
tic, traumatic, and iatrogenic can be included as medical indica-
tions [8], especially in pediatric patients, although early hearing
rehabilitation for pediatric hearing loss is very important and
contributes to better social skills as well as better linguistic and
academic outcomes [9]. Currently established bone conduction
implant (BCI) guidelines, as approved by the U.S. Food and
Drug Administration, suggest patients should be older than 5
years [10].

When surgically implanting BCDs for indicated patients, it is
important to safely drill a deep hole without mechanically dam-
aging the dura mater, as a hole with proper depth may improve
osseointegration. The most common devices such as Bonebridge
(Med-El), Ponto (Oticon Medical), and Baha Connect (Cochlear
Corp.) need a 3 or 4 mm depth hole for implantation. Especially
in children, bone thickness is an essential factor to consider and
this is one of the reasons why there is no current approval for
bone-anchored hearing device (BAHD) use in patients younger
than 5 years of age. To investigate whether the age guideline is
reasonable, one U.S. group measured temporal bone thickness
in pediatric patients and showed that pediatric temporal bone
thickness in patients under 5 years old is generally thicker than
3 mm in Caucasians [11]. However, there have been no specific
studies investigating skull bone thickness for BAHDs in Korean
populations.

This study aimed to investigate the guideline regarding safe
implant device depth in all age groups who undergo bone con-
ductive implant surgery by reviewing bone thickness at implant
site with computed tomography (CT) imaging. We also aimed to
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= The currently approved bone-anchored hearing device implan-
tation guideline is suitable in the Korean population.

= We suggest taking temporal bone computed tomography be-
fore surgery for safety, especially in pediatric patients.

= Noninvasive applications are recommended for patients
younger than 5 years of age.

investigate whether implantation of currently used BCI devices
is safe in pediatric Korean group, especially patients younger
than 5 years. Thus, this is the first Korean study investigating
skull bone thickness at the BCI implant site and we validated
the current guideline in a Korean sample.

MATERIALS AND METHODS

Two hundred eighty patients, who underwent temporal bone
CT images between August 2010 and October 2018 were ran-
domly collected across all ages. We retrospectively reviewed
high-resolution temporal bone computed tomography (TBCT)
imaging. The study was in accordance with common ethical rules
and was approved by Samsung Medical Center’s Institutional
Review Board (IRB No. 2019-05-034). Patients groups were
stratified by age and each group consisted of 20 subjects. For
ages from 0 to 4.99 years, groups were divided by 1 year, and
ages from 5 to 9.99 years were categorized as the next group.
For ages of 10 years or more, seven groups were divided by de-
cade, and the last group comprised patients older than 80. The
280 patients consisted of 132 females and 148 males. In this
study, patients who had congenital bone anomaly or history of
skull bone fracture were excluded. We also excluded all patients
who had a specific disease in the ear or had previous otology
surgery. One neuro-otologist measured the skull bone thickness
on the axial image at a point 1 cm posterior to the right sigmoid
sinus and 1 cm superior to the superior margin of the right ex-
ternal auditory canal, where BAHA implantation is recom-

Fig. 1. Axial slice of temporal bone by computed tomography and
example of skull bone thickness is marked at the point of measure-
ment. Measurement point is 1 cm posterior to the right sigmoid si-
nus posterior margin (black arrow), and 1 cm superior to the superi-
or margin of the right external auditory canal.



mended (Fig. 1) [11,12]. Results were analyzed using SAS ver.
9.4 (SAS Institute Inc., Cary, NC, USA). The chi-square analysis
was performed to determine how the skull thickness (<3 mm or
=3 mm) differs according to age. Changes in skull thickness
with age were analyzed using simple linear regression model.

RESULTS

In this study, a total of right side 280 ears were reviewed. One
hundred thirty-two patients were female and 148 patients were
male. Measured skull bone thickness average by age group is
presented in Fig. 2. In this Korean sample, we found that the av-
erage skull bone thickness was 2.87 mm for patients under 5
years old and 6.72 mm for patients over 5 years old. In groups
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Fig. 2. Average of skull bone thickness versus age.
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Fig. 3. Proportion of skull bone thickness <3 mm to =3 mm in groups
younger than 5 years of age.
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younger than 5 years of age, we also compared the number of
patients whose bone thickness was less than 3 mm to those
whose bone thickness was more than 3 mm in Fig. 3. We found
that averagely 54% of patients had a skull bone thickness that
was thinner than 3 mm among the groups younger than 5 years
of age. However, the chi-square analysis of each age did not
show statistical differences at all ages.

The measured thickness is plotted by age in Fig. 4 and the
trend line shows a linear correlation between thickness and age
(thickness=0.0582 X age+3.6345, R2=0.485, P<0.001). All mea-
sured thicknesses in patients who were older than 6 years were
larger than 3 mm and only one 5-year-old patient’s bone thick-
ness was less than 3 mm. This showed that 92.78 % (167 patients)
of patients had a skull thickness that was greater than 4 mm.
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Fig. 4. Skull bone thickness (mm) versus age (yr) with trend line. The
bone thickness increases in general as patient age increases.
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DISCUSSION

Most BAHD’s surgical guidelines indicate that calvarial bone
thickness should be greater than 3 mm, as the shortest fixture’s
length is 3 mm. Furthermore, as the standard fixture’s length is
4 mm, calvarial bone thickness of more than 4 mm is important
in planning BAHD implantation. One previous study investigat-
ed temporal bone thickness in Caucasians to assess the benefit
of BAHD implantation in children younger than 5 years of age.
The result of that study showed the average squamous temporal
bone thickness was thicker than 3 mm in all age groups, which
means that BAHD implantation could be considered for patients
younger than 5 years of age [11]. However, no previous studies
have investigated BAHD indications with respect to calvarial
bone thickness in Korean groups and the present study is the
first to establish a safe guideline for Korean groups.

In this study, the average skull bone thickness was thinner
than 3 mm in age groups under 5 years and greater than 4 mm
in age groups older than 5 years in a Korean sample (Fig. 2). This
result is different from the previous study in Caucasians, sug-
gesting that BAHDs should not be routinely applied to patients
younger than 5 years of age [11]. Our results are in line with
many previous studies showing that skull bone thickness is less
than 3 mm in patients younger than 5. A retrospectively re-
viewed study of pediatric patients with unilateral BAHD mea-
sured 29 patients’ bone thickness, and the measured thickness
varied from 1 to 4 mm (mean=standard deviation [SD], 2.5+
0.8 mm) when the average age was 8.414.6 years, which is
even older than 5 years [13]. Another study measured bone
thickness in 68 children during BAHD implantation surgery and
it was found to vary from 0.5 to 5 mm (mean+SD, 2.5+0.8
mm). They also proposed that bone thickness rapidly increases
during the first 5 years, and appropriate bone thickness for im-
plants would be reached between 5 to 7 years [14].

In addition, Fig. 3 shows that nearly 50% of patients’ bone
thickness was less than 3 mm in patients younger than 5 years
of age. This implies that even if the average of skull bone thick-
ness is greater than 3 mm, there may be many patients whose
bone thickness is less than 3 mm. Therefore, even if the average
temporal bone is greater than 3 mm in a Caucasian population,
this high average never guarantees the safety of BAHD implan-
tation in all patients younger than 5 years of age.

There are many reasons why we discuss considering age and
bone thickness at the implant site when applying BAHD in this
study. Although it has been shown that BAHD is highly advanta-
geous, there can be problems when applying it to thin skull bone.
Therefore, we need to evaluate the potential risk of thin skull
bone prior to implantation in patients whose bone thickness is
less than 3 mm before surgery. At first, we can intuitively think
that trauma can easily occur with thinner bone during surgery
and thinner bone is more vulnerable compared to thicker bone.
In this study, there was one patient whose fontanel had not closed

Fig. 5. One 16-month-old male patient’s temporal bone axial slice
computed tomography. Fontanels had not been closed (white arrows)
entirely when the temporal bone computed tomography was taken.

which was a critical condition (Fig. 5). In addition, the dura or
sigmoid sinus can be easily exposed during surgery. According
to previous studies targeting pediatric patients, 39% of implants
were installed in contact with the dura, sigmoid sinus, or an air
cell [14]. Another study reported that the dura and sigmoid si-
nus were exposed during BAHD implant surgery in 70.5% of
pediatric cases [13]. These exposures increase the risk of cere-
brospinal fluid leak and extradural hematoma. Furthermore, the
degree of osseointegration and stability are lower in thinner bone
compared to thicker bone, which can cause implantation failure.
A recent study evaluated BCI stability in children by age and
bone thickness during subsequent visits after surgery. The results
showed that the thicker the bone, the higher the obtained im-
plant stability quotient value [15]. In addition, in the Birming-
ham BAHD program, 39 children were implanted before their
fifth birthday, and the fixture failure rate was high in this group
(40%) [16]. Furthermore, previous investigators reported that
younger age was independently associated with a higher rate of
osseointegration failure after assessing 68 pediatric patients in
the age range of 5 to 19 years (average, 10.98 years) [17]. Al-
though many other reasons may contribute to higher risk of os-
seointegration failure in a younger population, thin bone thick-
ness plays a major role.

As we discussed above, implantation of BAHDs in patients
younger than 5 years of age is not recommended mainly due to
thin skull bone, we must not dismiss them due to the need for
early hearing rehabilitation. In these very young patients, nonin-
vasive options can be tried, including Baha Softband (Cochlear
Corp.), Ponto Softband (Oticon Medical), Baha SoundArc (Co-
chlear Corp.), or ADHEAR (Med-El) as a first step until bone
has grown sufficiently. Those nonimplanted BCDs are commonly



designed for all ages including infants and toddlers who are not
yet ready for implantation. By wearing this application, young
patients can have better hearing performance and enough am-
plification to facilitate language development. Recent studies
have shown the Softband option is beneficial for aural rehabili-
tation in these very young patients [16]. One study retrospec-
tively reported that the hearing ability of children with bilateral
congenital aural atresia improved significantly after using the
Baha Softband. This study also showed that wearing the Softband
at a young age could guarantee relatively normal hearing devel-
opment and attenuated oral communication impairment [18].

In addition, a few patients might not show sufficient bone
thickness even if they are older than 5 years of age. We found
that one 5-year-old patient had a calvarial bone thickness less
than 3 mm. Therefore, for safety, we need to check with TBCT
to evaluate bone thickness before surgery in pediatric popula-
tions. If calvarial bone at the implant site is thinner than 3 mm,
delaying surgery and applying noninvasive BCDs are needed
until the skull bone grows enough. Moreover, bone growth stim-
ulation with a barrier membrane might be another solution that
can be tried. Bone augmentation was first described by Grans-
trom and Tjellstrom [19]. To stimulate bone growth, expanded
polytetrafluoroethylene is positioned under the flange of the
fixture in this process and this barrier membrane supports bone
generation to produce sufficient bone for implantation [19].

On the other hand, some very young patients already have
sufficient bone thickness before 5 years of age as shown in Fig. 3.
However, we must not implant BAHD only depending on bone
thickness. Although we have proposed that there is a correlation
between skull bone thickness and age, and bone thickness is
major factor to consider when we implant BAHDs, skull bone
thickness is not the sole reason why we cannot implant BAHD
in patients younger than 5 years of age. We need to consider
other age-limiting factors as well. The infant skull is lower in
minerals and higher in water content compared to the adult
skull and this fact supports that osseointegration runs a higher
risk of failure in younger populations [10]. Therefore, the benefit
and the loss for implantation in very young patients should be
carefully assessed. Similarly, we also need to compare the pros
and cons between early implantation of BAHD and application
of noninvasive bone-conduction options until the age of 5 in
very young patients who have sufficiently thick calvarial bones.

This study also showed noticeable results regarding calvarial
bone thickness in adult groups. According to the result present-
ed in Fig. 4, it is remarkable to see that 92.78% of their skull
bone thickness was greater than 4 mm among patients who
were older than 5 years of age (Fig. 4), and all measured thick-
nesses in patients who were older than 6 years old were thicker
than 3 mm. This result implies that we can safely apply BAHD
with a 3 mm fixture in Korean adult groups. It also indicates
that a 4 mm-fixture can be implanted in most adult patients
safely. Furthermore, the averages bone thickness in groups older
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than 10 years old was thicker than 6 mm, which is significantly
larger than the current fixture length of 4 mm. This suggests the
need for longer fixtures than 4 mm to obtain better stability and
osseointegration for patients who have sufficient skull bone
thickness. But, in case of Bonebridge, floating mass transducer
position and screw fixation could be performed inside sinodural
angle. Though the cortical bone of this area is usually thinner
than the measured point in this study, so pay attention to the
position and fixation, also consider other location.

We conducted a retrospective review of a large set of TBCT
data to assess calvarial bone thickness at the BAHD implanta-
tion site in all age groups in a Korean sample. The results indi-
cate guidelines for BAHD implantation are appropriate in a Ko-
rean population when we only consider bone thickness. Like-
wise, current age indication for BAHD, the average skull bone
thickness was less than 3 mm in patients younger than 5 years
of age and greater than 3 mm over 5 years of age. For children
younger than 5 years of age, applying noninvasive devices to
promote their early hearing rehabilitation is necessary until they
get sufficient bone thickness around the age of 5 years. Further-
more, we recommend performing TBCT prior to surgery, espe-
cially in pediatric patients, to ascertain bone thickness. In addi-
tion, in adult groups, since they have enough skull bone thick-
ness to apply longer fixtures, thicker fixture options by manu-
facturers should be considered.
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