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Background In microtia patients with bilateral hearing impairment, hearing improvement is Correspondence: Chul Park

crucial for language development and performance. External auditory canal reconstruction Seoul Center for Development Ear

(EACR) has been performed to improve hearing, but often results in complications. We per- Anomalies, BIO Plastic Surgery Clinic
' 107 Dosan-daero, Gangnam-gu, Seoul

formed transcutaneous bone conduction implant (TBCI) surgery in these patients. This study 06035, Korea

aimed to evaluate the safety and efficacy of TBCI surgery. Tel: +82-2-535-9000

Methods A retrospective review was performed of five patients who underwent auricular Ea;;f zc;i]s:?kf&%ggma”_com

reconstruction and TBCl surgery and 12 patients who underwent EACR between March 2007

and August 2018. Hearing improvement was measured based on the air-bone gap values us-

ing pure-tone audiometry over a 6-week postoperative period. We reviewed other studies on

hearing improvement using EACR and compared the findings with our results. The surgical

techniques for TBCl were reviewed through case analyses.

Results Postoperative hearing outcomes showed a significant improvement, with a mean

gain of 34.1 dB in the TBCI cohort and 14.1 dB in the EACR cohort. Both gains were statisti-

cally significant; however, the TBCl cohort showed much larger gains. Only three of the 12

patients who underwent EACR achieved hearing gains of more than 20 dB, which is consis-

tent with previous studies. All patients who underwent TBCI surgery demonstrated hearing

gains of more than 20 dB and experienced no device-related complications.

Conclusions TBCl is a safe and effective method of promoting hearing gains in microtia pa-

tients with bilateral hearing impairment. TBCl surgery provided better hearing outcomes than

EACR and could be performed along with various auricular reconstruction techniques using

virgin mastoid skin.
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INTRODUCTION the ear. However, since these two anomalies are associated with
each other, they are frequently observed together. The inci-
Microtia and congenital aural atresia are rare malformations of dence of microtia with aural atresia ranges from 0.83 to 17.4 cas-
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es per 10,000 births [1]. The majority of these patients display
unilateral microtia, and in such patients, hearing loss is compen-
sated by the unaffected ear. However, for microtia patients with
bilateral hearing impairment, hearing improvement is critical to
brain development and language performance [2]. External au-
ditory canal reconstruction (EACR) was first performed in
1883 on a patient with aural atresia in an attempt to improve
hearing and restore the normal anatomical structure of the ex-
ternal auditory canal (EAC). Although many attempts have
been made to improve the results of EACR, complications such
as meatal stenosis, edema, reconstruction failure, and chronic
discharge are still reported frequently [3]. Furthermore, when
total auricular reconstruction is performed using EACR in mi-
crotia patients, the high risk for chronic seroma and infection is
a major concern for the plastic surgeon, since these complica-
tions can result in reconstruction failure. The aesthetic results of
EACR are another source of frustration for plastic surgeons.

Development of the bone conduction (BC) concept in hear-
ing restoration resulted in a paradigm shift from the anatomical
restoration of the EAC to the use of BC implants [4]. A percuta-
neous bone conduction implant (p-BAHA; Cochlear Americas,
Centennial, CO, USA) was first invented in the late 1970s, and
it demonstrated favorable hearing improvement with a shorter
operating time than that of EACR [S]. However, skin penetra-
tion by the percutaneous device was shown to lead to complica-
tions, including infections and implant loss. A transcutaneous
bone conduction implant (TBCI) (Bonebridge; MED-EL,
Innsbruck, Austria) was recently introduced to address these
drawbacks and was shown to be safe and to produce satisfactory
results [6]. Although tremendous improvements have been
made in the area of hearing-assistive devices and surgical proce-
dures, there are few reports on multidisciplinary approaches to
the treatment of microtia patients with aural atresia.

In this report, we reviewed cases of microtia patients with bi-
lateral hearing impairment who underwent both microtia re-
construction and TBCI. The aim of this study was to evaluate
the safety and efficacy of TBCI procedures in microtia patients
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METHODS

A retrospective chart review of medical records and photo-
graphic data was conducted for patients with microtia and bilat-
eral hearing impairment who underwent microtia reconstruc-
tion and TBCI procedures at our clinic between March 2007
and August 2018. The demographic characteristics and medical
histories of the patients who underwent auricular reconstruc-
tion surgery with TBCI are shown in Table 1. The patients with
TBCI had either microtia or anotia with congenital aural atresia.
Of the patients, three had bilateral and two had unilateral micro-
tia. All of the patients had bilateral conductive hearing loss as
evidenced by audiograms, had functioning cochlear as shown
by evoked response audiometry, and had normal cochlear mor-
phology with pneumatized mastoids as shown on computed to-
mography (CT) scans. All patients satisfied the conditions indi-
cated for use of the TBCI device. Microtia reconstruction was
performed before, after, or simultaneously with hearing im-
provement surgery, depending on the condition of the patient.
We also retrospectively reviewed 12 microtia patients who un-
derwent EACR surgery to compare the functional results with
those of the TBCI patients. Furthermore, we systematically re-
viewed other reported studies on hearing improvements result-
ing from EACR and compared them with our results. This
study was approved by the Institutional Review Board of our in-
stitution (IRB No. 2019AN0008) and was performed in com-
pliance with the Declaration of Helsinki. Informed consent was

obtained from all patients.

Surgical techniques

Total auricular reconstruction was performed by a plastic sur-
geon (CP), and the TBCI procedure was performed by an oto-
logic surgeon (GJI). Autogenous costal cartilage was used for
framework construction. Two different coverage techniques

were used for auricular reconstruction: the embedded and ele-

Table 1. Demographic data and medical history of patients

No. of .
Patient sAugr;earty Sex Microtia TS Implant timing B -I-)(I)F;e recﬁﬂgtcl':lc%gon Mgl [aspdiibie sy
s ear ear HL techniaue ABG (dB) ABG (dB) gain
Y operations q
Case 1 13 F B L Preauricular reconstruction 0 CHL  Temporoparietal 425 10 325
Case 2 17 M B L Intra-auricular reconstruction 0 CHL  Embedded, elevation 62.5 35 27.5
Case 3 19 M R R Intra-auricular reconstruction 1 CHL  Temporoparietal 56.3 22.5 33.8
Case 4 17 F B R Postauricular reconstruction 1 CHL  Embedded, elevation 52.5 5 47.5
Case 5 40 F L L Postauricular reconstruction 0 CHL  Temporoparietal 60 31.3 28.7
HL, hearing loss; ABG, air-bone gap; F, female; M, male; B, bilateral; R, right; L, left; CHL, conductive hearing loss.

526



Vol. 46 [ No. 6 / November 2019

vation technique and the temporoparietal fascia flap technique
[7]. The timing of the TBCI implantation procedure varied by
case. Prior to, during, or after the operation, the mastoid bone
was approached along the postauricular incision, and a bone
bridge implantation procedure was performed by an otologic
surgeon. In all cases, the plastic surgeon advised on the incision
design and performed the flap elevation.

Bonebridge device description

The Bonebridge implant is an active TBCI system consisting of
both external and internal components [8]. The internal part of
the active TBCI, which is composed of a magnet and a bone
conduction-floating mass transducer (BC-FMT), is embedded
beneath the skin [8]. The external audio processor (AP) con-
tains microphones and is powered by a standard hearing aid bat-
tery. It is held in place on the patient’s head with a magnet. The
AP transmits processed sound and energy through an inductive
link to the BC-FMT and releases-controlled vibrations to the
skull. The device can be activated after wound healing is com-
plete, and the active TBCI is considered magnetic resonance
imaging-safe if the external AP is removed (Fig. 1) [8].

Evaluation of postoperative hearing results
The preoperative and postoperative data obtained using stan-

dard audiometric tests in patients who underwent EACR or

TBCI surgery were collected retrospectively. Pure-tone air- and
bone-conduction thresholds of 500, 1,000, and 2,000 Hz were
used to calculate pure-tone averages (PTA). Air-bone gap
(ABG) values were calculated from the same test results. Addi-
tionally, pure-tone air- and bone-conduction thresholds at 500,
1,000, 2,000, and 4,000 Hz were evaluated separately. The test-

Fig. 1. Schematic representation of Bonebridge
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ing took place in an audiometric sound-attenuated room using
calibrated equipment and signals. The contralateral ear was
acoustically blocked with an earplug or comparable plug. Data
were collected up to 6 weeks postoperatively (representing the
short-term follow-up period). Long-term results were analyzed
if there were additional data available after a 3-month postopera-
tive period. The mean short-term follow-up period was 3.8 0.5
weeks, and the mean long-term follow-up period was 7.8+ 1.2
months. The paired-samples t-test was used to evaluate differ-
ences between the preoperative and short-term postoperative
mean audiometric threshold data. We also compared the audio-
metric results of patients who underwent TBCI surgery with
the audiometric results of patients who underwent EACR at our

hospital’s otologic clinic.

Statistical analyses

Descriptive statistics were reported as mean (range) * standard
deviation (SD) or as counts (percentages), as applicable. For
continuous variables, independent groups were compared using
the Student t-test, while paired comparisons were made using
the paired t-test. A P-value of less than 0.05 was considered to
indicate statistical significance. SPSS version 20 (IBM Corp.,
Armonk, NY, USA) was used for all statistical tests.

RESULTS

During the study period, we reviewed five patients, three male
and two female, who underwent auricular reconstruction sur-
gery and surgical placement of the TBCI system (Table 1). One
of the five patients, who displayed unilateral anotia, had received
EACR surgery at another clinic but failed to achieve hearing

(A) The external Bonebridge audio processor and the internal magnet and bone conduction floating mass transducer. (B) An artistic rendering of
Bonebridge implantation. Reprinted with permission from MED-EL Corp.
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gain. The other patient with unilateral microtia or anotia had
unilateral lobular type microtia. The remaining patients had bi-
lateral microtia with the lobular type on one side and the con-
chal type on the other side. All of the patients displayed bilateral
hearing impairment, and two of them wore air conduction (AC)
hearing aids. Hearing loss was severe in all patients, and TBCI
surgery was planned. The mean age (£ SD) at implantation of
the TBCI was 21.2 £ 4.8 years. The duration of follow-up ranged
from 8 to 39 months, with a mean duration of 25.6 months. The
right ear was the site of three TBCIs (60%). All operations were
performed without any complications, such as device extrusions
or infections.

We also retrospectively reviewed the cases of 12 microtia pa-
tients (seven male and five female) who underwent EACR sur-
gery so that we could compare the functional results with those
of the TBCI patients. All of the patients who underwent EACR
surgery in our hospital did so for the treatment of cholesteato-
ma. The mean age (+SD) at the time of EACR surgery was
17.2£7.3 years. The duration of follow-up ranged from 1 month
to 48 months, with a mean duration of 13 months.

Infection is another issue in patients who undergo EACR sur-
gery. We reviewed the cases of 11 patients who visited our cen-
ter for microtia reconstruction after undergoing EACR surgery
at another clinic. When a swab culture was first performed
through the canal that had been created, various bacteria were
isolated from the reconstructed canal. Table 2 shows the swab
culture results. Pseudomonas aeruginosa and Staphylococcus epi-
dermidis were the most common pathogens in patients who ex-
perienced discharge and delayed surgery. To eliminate the pos-
sibility of infection, when the swab culture results were positive,
ear reconstructive surgery was delayed until the results of retest-
ing were negative or until the otologic surgeon confirmed that
the infection risk was reduced. The mean period from the first

visit to surgery was 18.0+ 5.3 months. Most cases were treated
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empirically with antibiotics based on antibiotic sensitivity re-
sults and advice from the Department of Infectious Diseases.
Patients were treated at outpatient clinics if possible, and the
mean treatment period was 14 days for a single treatment. If dis-
charge was observed from the reconstructed canal, a Silmazine
packing dressing was applied. Although no cases displayed
chronic infections in our study, preoperative swab culture results
were positive in some cases, and multiple pediatric patients suf-

fered from continuous discharge.

Audiometric results

Table 3 shows the PTA values for AC, the PTA values for BC,
and the ABG values for the preoperative, short-term, and long-
term follow-up periods for all patients who underwent TBCI or
EACR surgery in this study. Both procedures were performed at
a single institution. The mean AC improved from 69.8 dB pre-
operatively to 33.8 dB postoperatively in the TBCI cohort and
from 72.3 dB preoperatively to 56.6 dB postoperatively in the
EACR cohort. The AC values were significantly different be-
tween the cohorts. The mean BC improved from 15.0 dB pre-
operatively to 13.0 dB postoperatively in the TBCI cohort and

Table 2. Summary of bacteria identified in external

auditory canal reconstruction patients

Bacteria No. of patients

Staphylococcus spp.

S. aureus

S. capitis

S. caprae

S. epidermidis

Coagulase-negative
Corynebacterium spp.
Pseudomonas
Bacillus species
Enterobacter

— <4 PO~ =N

Table 3. Paired comparisons of changes between preoperative and short-term follow up results

No. Preoperative Short-term P-value No. Long-term

Pure-tone average (air conduction, dB)

TBCI 5 69.8+45 33.8+47 <0.01 2 41.3£23.0

EACR 12 72.3%£3.0 56.6 £3.9 <0.01 10 60.9£6.8
Pure-tone average (bone conduction, dB)

TBCI 5 15.0+£2.3 13.0+£24 0.37 2 13.8£5.3

EACR 12 121+£1.2 11.0£1.0 0.98 10 15.0+£6.5
Air-bone gap (dB)

TBCI 5 54.8+35 20.8+5.8 <0.01 2 27.5+17.7

EACR 12 60.2+26 459+78 <0.01 10 4594738
Values are presented as mean £ SD. Three patients were not followed-up long-term in each cohort, hence, no data was available and their data were not included in the
long-term follow-up analysis.
TBCI, transcutaneous bone conduction implant; EACR, ear auditory canal reconstruction.
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from 12.1 dB preoperatively to 11.0 dB postoperatively in the
EACR cohort. No statistically significant differences were found
between the BC values of the two groups. The mean ABG im-
proved from 54.8 dB preoperatively to 20.8 dB postoperatively
in the TBCI cohort and from 60.2 dB preoperatively to 45.9 dB
postoperatively in the EACR cohort. In this analysis, “postoper-
ative” refers to the short-term follow-up period only. Some hear-
ing loss was demonstrated in the long-term follow-up cohort.
The PTA values for the AC threshold levels were assessed at
500, 1,000, 2,000, and 4,000 Hz. In the preoperative audiologic
data obtained from the TBCI cohort, the pure-tone AC thresh-
olds at 500, 1,000, 2,000, and 4,000 Hz were 75.0, 71.0, 62.0,
and 65.0, respectively. The postoperative audiologic pure-tone
BC thresholds at 500, 1,000, 2,000, and 4,000 Hz were 38.0,
32.0, 33.0, and 30.0, respectively. In the preoperative audiologic
data obtained from the EACR cohort, the pure-tone AC thresh-
olds at 500, 1,000, 2,000, and 4,000 Hz were 78.3, 73.5, 63.3,
and 63.3, respectively. The postoperative audiologic pure-tone

Table 4. Mean preoperative and short-term postoperative

air conduction hearing threshold at each frequency for the
two groups

Frequency (Hz)
500 1,000 2,000 4,000

No.

TBCI (dB)
Preoperative AC 5
Postoperative AC 5
EACR (dB)
Preoperative AC 12
Postoperative AC 12

750£32 71.0£53 620+4.6 65.0+5.9
380+46 320+41 33.0+7.0 30.0+45

783+33 735+£30 63.3+£3.6 63318
59.6+44 554+48 558+29 60.0%+6.1

Values are presented as mean + SD.
TBCI, transcutaneous bone conduction implant; AC, air conduction; EACR, external
auditory canal reconstruction.
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BC thresholds at 500, 1,000, 2,000, and 4,000 Hz were 59.6,
55.4, 58.8, and 60.0, respectively. The AC values are presented
in Table 4.

Table S shows the number of ears with hearing gains of greater
than 20 dB reported in each study reviewed, along with the
number of EACRs conducted in each study by either approach
[9-17]. Other studies also displayed differences in results, rang-
ing from 10% to 95%, depending on the severity of the atresia or
the approach used. In our study, only three of 12 EACR patients
achieved hearing gains of greater than 20 dB, a result that was
within the range of those found in other studies. In contrast, all
five patients who underwent TBCI surgery achieved hearing
gains of greater than 20 dB (Table 1).

Clinical application

Case 1: Preauricular reconstruction

A 13-year-old girl presented with bilateral microtia. The right
ear exhibited the lobular type of the condition, while the left ear

Table 5. Ears with hearing gain >20 dB in the reviewed

articles

Author Ears with hearing gain >20 dB/no.
Bauer et al. [9] 6/20
Murphy et al. [10] 15/19
Chang et al. [11] 73/100
De la Cruz and Teufert [12] 30/302
Lambert [13] 13/16
Lambert [13] 31/59
El-Hoshy et al. [14] 26/40
Nishizaki et al. [15] 12/38
Schuknecht [16] 30/56
Bouhabel et al. [17] 14/20
no.,total patient number.

Fig. 2. Preauricular reconstruction

Case 1. A 13-year-old female pa-
tient presented with bilateral mi-
crotia. (A) Preoperative image. (B)
Intraoperative image. (C) Seven-
teen months after ear reconstruc-
tion and transcutaneous bone
conduction implant.
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exhibited the conchal type. Before implantation, the PTA of the
AC values was 52.5 dB on the left side and 61.3 dB on the right
side. The PTA of the BC values was 10 dB on the left side and
7.5 dB on the right side. The ABG values on the left and right
sides were 42.5 dB and 53.8 dB, respectively. This patient was
the first TBCI surgical case in this study. She underwent a TBCI
procedure on the left side conducted by an otologic surgeon
prior to auricular reconstruction surgery (Fig. 2B). A skin inci-
sion line was recommended to avoid compromising the later
use of the vascularized temporoparietal flap for total auricular
reconstruction (Fig. 2A). After implantation, the TBCl-aided
air threshold of this patient was 20 dB, the bone threshold was
10 dB, and the ABG was 10 dB. The hearing gain on the left side
was 43.8 dB. One year and 4 months later, the patient under-
went total auricular reconstruction using the ipsilateral tempo-
roparietal fascial flap technique. The reconstruction was suc-
cessful, and the view obtained at a 1.5-year follow-up appoint-
ment showed promising results (Fig. 2C). The patient under-
went right auricular reconstruction using the embedded and el-

evation technique 2 years after implantation.

Fig. 3. Intra-auricular reconstruction (elevation of embedded framework)

Case 2. A 17-year-old male patient
presented with bilateral microtia.
(A) Design of the incisional line
and implantation site. (B) Intraop-
erative image. (C) Seventeen
months after ear reconstruction
and transcutaneous bone conduc-
tion implant. (D) Preoperative lat-
eral view before ear reconstruction
surgery of the opposite side. (E)
Lateral view of the opposite ear af-
ter ear reconstruction surgery.
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Case 2: Intra-auricular reconstruction (elevation of embedded
framework)

A 17-year-old boy presented with bilateral microtia. The right
ear exhibited the lobular type of the condition, while the left ear
exhibited the conchal type. Before implantation, the PTA of the
AC values was 63.8 dB on the left side and 71.3 dB on the right
side. The PTA of the BC values was 10 dB on the left side and
6.3 dB on the right side. The ABG values were 53.8 dB and 65
dB on the left and right sides, respectively. The patient wore AC
hearing aids, and the aided air threshold of this patient was 40
dB. We planned to reconstruct both ears using the embedded
and elevation technique. The TBCI procedure was performed
during the elevation procedure of the embedded framework
(the second stage of total auricular reconstruction) of the right
ear (Fig. 3A and B). The skin incision line for ear elevation was
made on the border of the helix. The skin of the mastoid and
scalp was widely undermined. A fan-shaped mastoid fascia flap
was elevated to cover the posterior surface of the elevated frame-
work. The TBCI procedure was performed by an otologic sur-
geon (Fig. 3B). After 6 months, the contralateral ear was recon-
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structed using the embedded and elevation technique (Fig. 3D).
Follow-up views of both reconstructed ears taken 1 year and 4
months later showed promising results (Fig. 3C and E). The
TBCl-aided air threshold of this patient was 43.8 dB, the bone
threshold was 8.8 dB, and the ABG was 35 dB. The ABG hear-
ing gain was 30 dB on the right side. The results after TBCI
were better than those displayed previously when AC hearing
aids had been worn.

Case 3: Intra-auricular reconstruction (temporoparietal fascia
flap technique)

A 19-year-old male patient presented with right anotia. He had a
history of EACR surgery of the right ear at another hospital 3
years previously (Fig. 4A and B). The left ear displayed hearing
impairment, even though the ear had a normal external appear-
ance. Before TBCI surgery, the PTA of the AC values was 73.5
dB on the left side and 73.5 dB on the right side. The PTA of the
BC values was 21.3 dB on the left side and 17.5 dB on the right
side. The ABG values were 52.2 dB and 56 dB for the left and
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right sides, respectively. Despite undergoing EACR surgery, the
patient needed a complementary AC hearing aid. The aided air
threshold of this patient was 51.3 dB.

Total auricular reconstruction using a temporoparietal flap
was performed due to remnant scar tissue around the meatus
(Fig. 4C). TBCI surgery was performed simultaneously with
auricular reconstruction surgery, and the implant was inserted at
the position of the elevated temporoparietal flap (Fig. 4C).
Since the external opening of the reconstructed canal formed by
the EACR was low-set, symmetry of the ears could not be
achieved in the anteroposterior view (Fig. 4E). Moreover, a large
newly-formed meatus detracted from the overall cosmetic out-
come of the outer auricular reconstruction (Fig. 4D).

The TBCl-aided air threshold of this patient was 40 dB, the
bone threshold was 22.5 dB, and the ABG was 17.5 dB. The
ABG hearing gain was 38.5 dB on the right side. The results af-
ter TBCI were better than those displayed previously when the
AC hearing aid had been worn.

Fig. 4. Intra-auricular reconstruction (temporoparietal fascia flap technique)

Case 3. A 19-year-old male patient
presented with right anotia. (A)
Design of the incisional line and
implantation site. (B) Preoperative
lateral view before implantation.
(C) Intraoperative image. (D) Post-
operative lateral view 14 months
after ear reconstruction and trans-
cutaneous bone conduction im-
plant. (E) Frontal view after bilater-
al ear reconstruction surgery.
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DISCUSSION

The surgical correction of atresia has been widely accepted since
Kiesselbach performed the first reported operation to correct
atresia in 1883 [18]. Techniques for EACR have improved con-
siderably, but surgical correction of congenital aural atresia is still
one of the most difficult and challenging procedures performed
on the ear [12]. The lack of landmarks, altered anatomy of the
facial nerve and middle ear, limited space for middle auricular
reconstruction, and slow healing process make it more difficult
to achieve the primary goal of surgery, which is the maintenance
of a patent, reconstructed EAC that is free of infection [19]. Al-
though surgical correction of atresia can produce a new EAC of
sufficient width, it does not guarantee sufficient hearing im-
provement. Therefore, although it can improve hearing in some
children, it is not always sufficient to achieve a satisfactory hear-
ing level. Eight of Bauer’s 10 patients and 15 of Murphy’s 19 pa-
tients failed to achieve normal hearing and required the contin-
ued use of external hearing assistance devices, the most com-
mon complication of surgical management [9,10]. The majority
of the authors considered a successful hearing result of surgery
to be an improvement of 20-30 dB [16]. Using this definition,
the percentage of cases with successful outcomes reported in the
literature varied from 12% to 71% [20]. In this study, we re-
viewed the surgical and hearing results of 12 atretic ears that
were operated on between 2006 and 2018 at the otologic clinic
of our institution. Short-term follow-up showed that successful
outcomes were achieved in 33% of the cases. Unfortunately,
many papers have indicated that the results of EACR tended to
be worse when observed in long-term follow-up. This finding
matched our results (Table 3). Lambert [13] found that 70% of
their cases displayed hearing levels of 30 dB or better in the early
postoperative period, which diminished to about 50% by the
time at which longer-term follow-up was conducted. El-Hoshy
et al. [14] reported that 75% of their patients achieved success-
ful hearing results by the end of the first postoperative year, but
this result decreased to 65% by the end of the second year. In
contrast, successful outcomes for TBCI were reported in 100%
of the patients in short-term follow-up in this study; however,
the long-term follow-up data have not yet been reported.

The most common complications of atresia surgery are canal
restenosis, tympanic membrane lateralization, and chronic in-
fection [21]. Nishizaki et al. [15] reported that stenosis of the
newly-created auditory canal occurred in 29.3% of cases, and
they attributed the cause to scar formation in the newly-formed
external canal. El-Hoshy et al. [14] reported that the incidence
of canal restenosis was 17.5%. Chronic infection of the newly-
constructed EAC often occurs. El-Hoshy et al. [14] reported
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that 17.5% of patients presented with this problem. Further-
more, since the position of the newly-formed canal depends on
the bone and surrounding structures as shown on CT imagery,
it is often asymmetrical with the unaffected opposite side.
Moreover, the size of the canal can also be drilled as large as 1.3
times the normal size [18]. For these reasons, surgical correc-
tion of atresia makes it difficult to reconstruct the ear of a micro-
tia patient and limits the choice of auricular reconstruction op-
tions.

Lichun et al. [22] reported a case where hearing was not im-
proved after EACR and a case where the auricular reconstruc-
tion was not performed properly due to the construction of the
canal in EACR. That study concluded that the incidence of
complications after EACR was very high, that the level of hear-
ing restoration was not sufficient, and that further investigations
were needed to ensure better results. Chang et al. [11] proposed
that, especially for severe cases of microtia and revision, BC de-
vices were more stable and led to more reliable results. In the
case of patients who underwent EACR and middle ear surgery
first, a scar developed at the site of the incision, which was un-
avoidable and affected the skin flap needed for later auricular re-
construction [23].

When EACR was previously performed by an otologic sur-
geon, it resulted in asymmetrical auricular canals and inconsis-
tent locations and sizes, resulting in scars in the surrounding tis-
sue. In such cases, it is difficult to prepare a skin flap that is suffi-
ciently large to cover the cartilage framework [3]. Therefore, we
considered the temporoparietal fascial flap to be a better option,
but this produces increased edema and inferior aesthetic results
compared to the embedded and elevation technique. Addition-
ally, in most cases where the temporoparietal fascial flap proce-
dure was combined with EACR, mild edema of the reconstruct-
ed auricle was present for 3 to 4 weeks because of the longer op-
erating time (5-6 hours) of the combined procedures [3].

In this report, we reviewed the combination of TBCI and au-
ricular reconstruction techniques in several circumstances for
patients with microtia/atresia. Depending on the circumstances,
TBCI surgery was performed either with auricular reconstruc-
tion or separately (either before or after) from auricular recon-
struction. The operation may be performed in various ways;
therefore, to achieve the best results, it is important to select the
best method and timing based on the individual patient’s status.
If the thickness and consistency of the bones are sufficient and
the position of the sigmoid sinus and the dura mater are taken
into consideration, the implant can be relatively freely placed in
the optimal location within the mastoid bone [17]. These fac-
tors have contributed to the excellent aesthetic results obtained

through auricular reconstruction. The absence of a meatus did
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not affect the final aesthetic results, since the meatus is not visi-
ble in the lateral view in the case of normal anatomy. The Bone-
bridge is currently approved only for patients 18 years of age or
older. However, Hassepass et al. [24] reported a straightforward
surgical procedure and satisfactory functional gain after TBCI
surgery in an adolescent patient > 12 years old. Baumgartner et
al. [6] also demonstrated the safety and efficacy of the Bone-
bridge implant in a S-year-old child. The minimum age for
which the Bonebridge is approved is expected to be lowered in
the near future.

Recently, a new device, the Adhear (MED-EL), as well as the
BAHA Softband (Cochlear Americas), which does not require
any surgery prior to use, was introduced. The Adhear sticks to
the skin just behind the ear. Although its efficacy has not yet
been demonstrated, it may be a good alternative to assist with
language development at an early age. However, Chang et al.
[21] found that canal restenosis, which is the most common
complication of atresia surgery, was correlated with the age of
the patient. The younger the age at the time of the operation,
the more likely the occurrence of postoperative meatal stenosis.
Considering the complications and alternatives to these proce-
dures, the hearing gain did not appear to justify performance of
EACR at an early age. To date, the Jahrsdoerfer CT grading sys-
tem is still widely used to determine candidates for EACR [25].
Patients with a Jahrsdoerfer score of 6 or higher are considered
candidates for EACR [25]. However, a limitation of this system
is that it only considers anatomical structures, and actual hear-
ing outcomes are unpredictable. Therefore, we believe that the
use of TBCI should be widened.

Currently, TBCI is used to treat conductive or mixed hearing
loss. However, the scope of its application is expected to expand
as various new products are developed and used. The most criti-
cal factor that limits the usage of TBCI is size. Since the implant
is not compact, it is essential to check whether there is sufficient
space for the implant through physical examination and CT
scanning. Additionally, the use of TBCI should be limited in
cases of retrocochlear and central auditory disorders, active
middle ear infections, chronic or non-revisable vestibular or bal-
ance disorders, or abnormally progressive hearing loss.

There were several limitations of this study. First, the retro-
spective collection of data was solely dependent on the accuracy
and completeness of the medical records from which the data
were obtained. Other limitations included the lack of a compari-
son cohort, the lack of standardized surgical techniques, and dif-
ferences in surgical timing. The assessment of patients and the
surgical technique used were determined based on the judg-
ment of the senior surgeon. However, despite these limitations,
the data from this study will still provide additional information
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for future research. Another limitation was the small sample
size; thus, further studies with larger cohorts are required. Be-
cause we have only used TBCI for the management of microtia
patients with bilateral hearing impairment since 2014, this study
was limited by a median follow-up period of only 35 months.
Since the device was first introduced in Europe in 2012, hearing
results and complications reported in the literature were ob-
tained in the early postoperative period. Longer-term follow-up
studies are required to confirm these results.

Hearing restoration surgery using EACR may result in infec-
tions, poor aesthetic outcomes, and limited functional out-
comes. Furthermore, in the patient group that underwent
EACR, the surgical techniques for total ear reconstruction were
limited, and many of these patients exhibited poor postopera-
tive aesthetic results. In our study, the TBCI technique was
shown to be safe and effective for hearing improvement in mi-
crotia patients with bilateral hearing impairment. Compared to
EACR, when the TBCI technique was used in microtia patients
with bilateral hearing impairment, it allowed for better aesthetic

auricular reconstruction using virgin mastoid skin.
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