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Objective: Auricular defects are challenging to reconstruct with
native tissue. We describe operative techniques and complica-
tion management for patients undergoing osseointegrated im-
plants for auriculectomy defects and microtia.
Setting: Tertiary referral center.
Patients: All patients at Duke University Medical Center with
auricular defects treated with osseointegrated implants for
prosthetic (OIP) auricles from January 1, 2010, until September
16, 2013.
Interventions: Osseointegrated implantation for auricular defects.
Main Outcome Measure: Description of operative techniques,
complications, and complication management.
Results: Sixteen patients met inclusion criteria. Five patients
had microtia and atresia. Two of these patients had bilateral
microtia and atresia and underwent bilateral simultaneous im-
plantation of both OIP and osseointegrated hearing implants
(OHIs). Two other microtia/atresia patients underwent simul-
taneous unilateral OIP and OHI. Eleven patients had unilateral

defects from either trauma or skin cancer resection. Three pa-
tients received adjuvant radiation before implantation. Compli-
cations included tissue overgrowth requiring revision surgery
(two patients), inadequate bone stock requiring split calvarial
bone graft and later implantation, loss of implant secondary to
osteoradionecrosis requiring hyperbaric oxygen therapy, and
skin infection requiring antibiotic therapy.
Conclusion: Reconstruction of auriculectomy defects and microtia
is difficult to accomplish using native tissue. Complications are
common, and these complications can have devastating conse-
quences on the final result. Osseointegrated implantation offers
an outstanding alternative for reconstructing these defects. We
describe our multidisciplinary team approach, examine operative
techniques, and focus on the unique challenges of simultaneous
and bilateral simultaneous OIP and OHI implantation. Key Words:
Osseointegrated implantsVAuricular defectsVMicrotiaVAtresia.
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Defects of the auricle, whether acquired or congenital,
can be a significant disability to patients from psycho-
logical, social, and functional perspectives. This is espe-
cially true in the context of microtia with atresia, but it is
also seen in those with acquired defects. Multiple authors
have examined the psychosocial ramifications of defects
of the auricle and have found associations with depres-
sion, social difficulties, anxiety, low quality of life, and
aggression (1,2). After reconstruction, however, most
patients report an increase in self-confidence and many
report an improved social life (3).

Unfortunately, these defects are extremely difficult to
rehabilitate with native tissue (4Y9). Typically, this requires

harvesting costal cartilage and multiple stages before the
reconstruction is complete. Repairs of this type are often
aesthetically unsatisfying unless performed by highly ex-
perienced surgeons (5,6). Across time, some initially satis-
factory results will undergo cartilage resorption, blurring the
definition of the reconstruction (8). In addition, rib cartilage
harvest is associated with chest wall depression in some
patients (4,7,8). In cases with concomitant atresia, repair
of this component is itself a multistage procedure fraught
with complications and challenges and, in some cases, is
not possible (10Y13).

Osseointegrated implants for prosthetic (OIP) auricles
offer an alternative to traditional methods of rehabilitating
defects of the auricle. These surgeries are technically
simple; however, the preoperative planning is very
complex. Complications are manageable and typically do
not affect the final result. Cosmetic outcomes are arguably
superior to traditional reconstructive procedures. Also, these
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implants can be combined with osseointegrated hearing im-
plants (OHIs) to rehabilitate single-sided hearing loss in
cases of concomitant atresia. This study describes our
multidisciplinary team approach and examines operative
techniques and complication management for osseointe-
grated implants with a focus on the challenging situation
of simultaneous implantation of OIPs and OHIs either
unilateral or bilateral.

MATERIALS AND METHODS

After institutional review board approval was granted, the
Duke University Health System medical records were searched
for any patient who had undergone osseointegrated implantation
for rehabilitation of an auricular defect between January 1, 2010,
and September 16, 2013. Sixteen patients were identified, and a
retrospective chart review was conducted. Demographic infor-
mation was collected, along with indications for the procedure,
operative details, medical comorbidities, complications, and com-
plication management. We used Vistafix for our OIPs and Baha
for our OHIs (Cochlear Americas, Centennial, CO, USA).

Operative technique
Before implantation, patients are seen by our anaplastologist

for consultation and prosthesis planning. The anaplastologist

makes an impression of the auricular region to have a detailed
model of the treatment area. This is used to plan implant placement
so that the prosthesis position matches that of the opposite normal
ear. In case of bilateral prostheses, the implant sites are planned so
that the prostheses will sit on anatomically appropriate and sym-
metric positions. An acrylic template is made that fits precisely
over the auricular area and has predrilled holes that mark the
ideal spots for placement of the implants that secure the pros-
thesis (Fig. 1). A wax model is then made of the prosthesis and
adjusted based on patient preference, and this is used to make
the final prosthesis to be loaded onto the implants (Fig. 2).
Intraoperatively, the implantation site is shaved and the ideal

implantation sites are marked using the acrylic template, with
methylene blue injected at the level of the periosteum (Fig. 3). If
there is an auricular remnant to be removed, this is routinely
done at the same surgery as the placement of the implants. The
remnant is removed first to create a flat surface with thin skin for
optimal prosthesis fitting.
For patients with thick skin or thick reconstruction flap, our

technique involves raising a thin posteriorly based skin flap and
debriding the subcutaneous tissues to minimize the tissue be-
tween the bone and the skin. The implantation sites are then
identified and overlying periosteum immediately surrounding
the site is removed. The titanium implants are then drilled into
place in the usual fashion. In patients with thin skin or thin re-
construction flaps,we use a percutaneous technique. The thickness
of the skin is measured using a needle to gauge the depth. The
appropriate size abutments are then selected. A 1-cm incision is
made over the previously marked site, and the implant is placed.
In the single-stage technique, the abutments are placed

through a 4-mm skin punch hole in the skin flap or closed in the
incision if a flap is not elevated. The skin flap is then sutured
with absorbable suture. A healing cap and a bolster are placed.
The implants are allowed to osseointegrate for 3 months; if there
is no evidence of failure to integrate, then the prosthetic auricle
is loaded.
In the two-stage approach, sleeper caps are placed on the

implants. After osseointegration for 3 months, a second proce-
dure is performed to place the abutments. The flap is raised
again, and the implants are identified. The sleeper caps are re-
moved, and the abutments are placed through a 4-mm skin
punch hole in the flap. More recently, we have palpated the
location of the sleeper caps and made only a skin punch over-
lying it. The cap is then removed, and the abutment is placed.
After 2 weeks of healing, the prosthetic auricle is loaded.

FIG. 1. Acrylic template.

FIG. 2. Impression of treatment area and wax model. FIG. 3. Placement of template and marking of implant sites.
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RESULTS

Sixteen patients were identified who had undergone
osseointegrated implantation to rehabilitate an auricular
defect. Table 1 displays patient demographic information,
as well as etiology of auricular defect and follow-up. The
majority of the patients were male (69%), and the median
age was 56.5 years. The most common etiologies for the
auricular defect were skin cancer (50%) and congenital
causes (31%). Median follow-up was 7 months.

Three patients were current smokers, and three patients
were former smokers. Two patients had undergone pre-
implantation radiation therapy, and one patient had un-
dergone preimplantation chemoradiation therapy. Ten
patients underwent unilateral placement of OIP. Four
patients received OIP and OHI, and three of these were
simultaneous. Two patients underwent bilateral simulta-
neous implantation of OIPs and OHIs. These data are
shown in Table 2.

Of the 16 total patients, four experienced complica-
tions. Patient 14 had granulation tissue and skin flap
overgrowth, which required revision in the operating
room. Patient 3 had cellulitis postoperatively, which re-
solved with oral and topical antibiotics.

Patient 8 had bilateral simultaneous OIP and OHIs. We
planned to place two OIP implants and one OHI implant
on each side. She had a thin cortical bone, and there was
not adequate bone stock for one of the OIP implants. Both
OHI implants were placed without difficulty. Both of the
OIP implants on the left were placed and the superior one
on the right. An inferior OIP was placed on the right and
had poor purchase but was left in place after subsequent
pilot holes demonstrated inadequate cortical bone to sup-
port additional implants. These holes were filled with
demineralized bone matrix. After 8 months, reimplantation
was attempted. The implants that had been placed were
well integrated, and abutments were placed. A small cir-
cular hole was drilled in the cortex of the mastoid where
the inferior implant should be placed. A split calvarial
bone graft was harvested and secured in the defect with

plates. Six months later, the calvarial bone graft had com-
pletely integrated, allowing placement of the inferior im-
plant and abutment in a single stage (Fig. 4).

Patient 11 had undergone total auriculectomy and
postoperative radiation therapy for basal cell carcinoma.
He was a current smoker. Two implants and abutments
for prosthesis were placed in a single stage. The patient
was doing well 6 weeks later, and the prosthetic auricle
was loaded. He did well for another 5 months but, at that
time, had delayed nonintegration of both implants. A
computed tomography scan of the temporal bone was
consistent with osteoradionecrosis. The patient quit smoking
and underwent 30 treatments with hyperbaric oxygen. He
then underwent reimplantation with two implants and is
currently awaiting his second stage after 6months of healing.

DISCUSSION

Osseointegrated implantation is an excellent option for
rehabilitation of auricular defects. The procedure itself is
technically simple, and the postoperative care for patients
is minimal. The results are predictable and arguably aes-
thetically superior to the best native tissue reconstruc-
tion. Moreover, unlike native tissue reconstruction, the
complications are manageable and do not typically affect
the final result. Other options for patients, such as alter-
native hairstyles or prosthetics secured with adhesive, are
cumbersome or not ideal long-term solutions (14,15).
Although others have published similar case series on
their results using these implants (16Y20), to our knowl-
edge, none have focused on unique situations such as

TABLE 1. Patient information

Patient Age (yr) Gender Etiology
Follow-up

(mo)

1 57 M Congenital microtia/atresia 27
2 61 M Basal cell carcinoma 6
3 17 F Burn 17
4 28 F Traumatic avulsion 3
5 64 M Melanoma 6
6 49 M Basal cell carcinoma 18
7 57 M Traumatic avulsion 16
8 12 F Congenital microtia/atresia 19
9 62 M Basal cell carcinoma 8
10 61 M Basal cell carcinoma 6
11 65 M Basal cell carcinoma 10
12 11 F Congenital microtia/atresia 3
13 56 M Squamous cell carcinoma 3
14 66 M Squamous cell carcinoma 6
15 9 M Congenital microtia/atresia 14
16 7 F Congenital microtia/atresia 4

TABLE 2. Comorbidities, procedures, and complications

Patient
Medical
history Smoker Radiation Procedures Complications

1 None Former No OIP/OHI None
2 HL Former No OIP None
3 None No No OIP Skin

overgrowth
4 None Yes No OIP None
5 HTN No No OIP None
6 HTN Former No OIP None
7 DM No No OIP None
8 None No No Bilateral

OIP/OHI
Inadequate
bone stock

9 HTN Yes No OIP None
10 None No No OIP None
11 HL Yes Yes OIP ORN
12 None No No OIP/OHI None
13 CML, IPF,

PE, CRI
No Yesa OIP None

14 CAD, HL,
sarcoidosis

No Yes OIP/OHI Cellulitis

15 None No No OIP/OHI None
16 None No No Bilateral

OIP/OHI
None

aChemoradiation therapy.
CAD indicates coronary artery disease; CML, chronic myelogenous

leukemia; CRI, chronic renal insufficiency; DM, diabetes mellitus; HL,
hyperlipidemia; HTN, hypertension; IPF, idiopathic pulmonary fibrosis;
OHI, osseointegrated hearing implants; OIP, osseointegrated implants for
prosthetic; PE, pulmonary embolus.
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simultaneous implants for prostheses and hearing aids or
bilateral simultaneous implantation.

The limiting factor for this procedure is the support
structure necessary for excellent results. We work closely
with an anaplastologist who has extensive experience in
prosthetic production, and he consistently achieves out-
standing aesthetic results. Moreover, the anaplastologist
constructs an acrylic template, which is vital for accurate
preoperative planning and placement of the implants. In
many cases, the anaplastologist is present in the operating

room for implant placement. This collaboration allows for
adjustments in placement based on unexpected intraoperative
anatomyVfor example, inadequate bone stock at the pro-
posed implant site. In both unilateral and bilateral recon-
struction, it is essential to achieve not only an anatomically
accurate placement of the prosthesis but also symmetry
with the contralateral ear or prosthesis.

The importance of symmetry is highlighted in the case
of bilateral OIPs. Once the patient is prepped and draped,
normal landmarks are lost. The absence of an ear canal in
many of these patients further complicates accurate place-
ment. This again shows the importance of the anaplast-
ologist. The acrylic template, which is made to precisely
locate the ideal sites for implantation, is essential for ac-
curate placement. Although there is some degree of flex-
ibility in the site of implantation, allowing intraoperative
deviations from these ideal sites based on anatomy, some
deviations may not be compatible with a symmetric out-
come or would require redesign of the prosthesis. Collab-
oration with the anaplastologist can greatly aid in finding
alternate sites that will best accommodate the prosthesis.
Indeed, we plan backup sites preoperatively to allow for
flexibility in implant placement. This collaboration has
allowed for excellent cosmetic results (Fig. 5). There are
limited areas in the prosthesis that can adequately hide the
underlying implant and abutment. The helical rim of
the prosthesis is the thickest part and is ideal for hiding the
clips for the bars between abutments. When alternative
sites for implants need to be used, it is important that the
surgeon has a good understanding of the final prosthesis
design, so as to not place the implant in a site that cannot
be hidden in the prostheses.

The case of simultaneous OIP and OHI deserves spe-
cial mention. This is an ideal option in the case of microtia
with atresia. The traditional repair of atresia is notoriously
difficult, with potential for complications including facial
nerve injury, and even when successful, the repair re-
quires a lifetime of maintenance (10Y13). In some cases,
this repair is virtually impossible and hearing results can

FIG. 5. Postoperative result.
FIG. 6. Use of intraoperative image guidance to identify areas
with adequate bone stock.

FIG. 4. Bone graft and healed implants with attached bar and
hearing aid.
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be unpredictable (11,13). In contrast, simultaneous OHI
and OIP provide predictable hearing and cosmetic out-
comes (21).

When placing OIP and OHI simultaneously, it is im-
portant to plan the placement of the implants very carefully.
The OHI must be placed a sufficient distance posterior to
the prosthetic implants so that the placement of the pros-
thesis will not interfere with the placement of the hearing
aid. Again, the template is invaluable in planning the
position of these implants (Fig. 3).

A relatively infrequent complicating factor is inade-
quate bone stock to support an implant, which was seen in
Patient 8. Other authors have noted the increased risk of
implant loss in children (22,23), which may be caused by
decreased cortical bone. One solution to this problem is a
split calvarial bone graft, as was done in Patient 8 (Fig. 4).
This graft may not be possible in younger children, re-
quires a separate procedure, and can be associated with
donor site morbidity (24), but it should be considered for
patients in whom this is a problem. We typically use our
plastic surgery colleagues to perform this procedure.

Another solution to the problem of inadequate bone
stock is to use image navigation to find sites with ade-
quate bone stock. This was done with Patient 13 because
he had undergone chemoradiation therapy before im-
plantation and had free tissue reconstruction to cover the
resection site (Fig. 6).

Staging of the implantation process is also an important
consideration. We always stage these implants in young
children, as it is unrealistic to expect them to protect the
abutment to allow osseointegration. Staging should also
be considered in cases where the ability to osseointegrate
is a concern. Based on literature that supports implanta-
tion in radiated patients (15,25,26), we typically do not
stage patients who have undergone prior radiation therapy
nor do we give preoperative hyperbaric oxygen. However,
we allow 6 months for osseointegration in patients who
have undergone preoperative radiation. We did, however,
lose both implants in Patient 11, and he is currently awaiting
his second stage after undergoing hyperbaric oxygen therapy.

It is important to be able to manage possible compli-
cations. One relatively frequent complication is cellulitis,
which was seen in Patient 3. These infections are typically
mild and can usually be treated with a topical antibiotic
ointment like bacitracin, although some may require oral
antistaphylococcal antibiotics as well.

Tissue overgrowth is another possible complication, as
seen in Patient 14. This is seen frequently in OHI patients
and can often be managed, in the case of granulation
tissue, with silver nitrate cauterization. Some cases may
require minor revisions, as in the case of Patient 14. This
complication can also be minimized by adequate debulking
of subcutaneous tissues when placing the implant. We
have begun using implants coated externally with hy-
droxyapatite, which is designed to encourage skin in-
growth into the implant. Use of this technique along
with longer implants may limit the need for significant
debulking of the subcutaneous tissue, as other authors have
described (27,28).

This study is limited by its retrospective nature, low
number of patients, and relatively short follow-up in certain
patients. However, our goal in this study was not to mea-
sure outcomes but rather to highlight management in dif-
ficult cases like bilateral simultaneous OIP and OHI.

CONCLUSION

Osseointegrated implants are an excellent alternative to
native tissue reconstruction of auricular defects. The pro-
cedure is technically simple, but it does require several
clinicians with specialized skill sets. The complications
aremanageable and do not typically threaten the end resultV
this offers an advantage over native tissue reconstruction.
These implants are an especially good option in patients
with atresia who will need an OHI and in patients who
have undergone adjuvant radiation. We highlight the dif-
ficulties associated with unilateral and bilateral simulta-
neous placement of OIPs and OHIs.
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