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A Retrospective Study of Implant-Retained 
Auricular Prostheses

Gao Guo, DMD1/Oliver Schwedtner, DMD2/Martin Klein, MD, DMD3

Purpose: The purpose of this study was to retrospectively evaluate the clinical results of the implant-
retained auricular prosthesis. Materials and Methods: Data were collected from 46 patients who were
treated between 1992 and 2004 with implant-retained auricular prostheses. A total of 156 implants
and 1 plate (Epitec System) were placed in 46 patients, including 23 EO System implants, and 133
Brånemark implants. The implant survival rate was 100%. Twenty patients with 53 implants were re-
examined to evaluate the peri-implant soft tissue status. Two clinical peri-implant parameters were
applied, skin probing depth and sulcus fluid flow rate. Results: No adverse skin reactions were
observed in 22 implants. Skin pockets were found in all of the 53 reexamined implants, which indi-
cates the need for greater skin reduction. The mean skin probing depth and sulcus fluid flow rate were
2.1 ± 0.9 mm and 1.8 ± 1.3 mm, respectively, and a significant positive correlation was found between
these 2 parameters. Conclusions: From these results, it can be concluded that the implant-retained
auricular prosthesis promises long-term stability for patients with severe defects or total loss of the
ear. Furthermore, sulcus fluid flow rate is a valuable parameter for the evaluation of peri-implant soft
tissue. INT J ORAL MAXILLOFAC IMPLANTS 2008;23:539–543
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Partial ear deformities can be treated with recon-
structive surgery, but major ear defects still pre-

sent a challenging problem for the reconstructive sur-
geon. For patients with major ear defects, prosthetic
rehabilitation appears to be a viable alternative ther-
apy.1 Although there have been improvements in
reconstruction with prostheses,2,3 the retentive
method is always a particularly difficult problem. Tra-
ditional facial fixation tools, such as the aid of eye-
glasses, adhesives, or skin tunnels have poor reten-
tion, and the results are often unsatisfactory.4,5 The
long-term use of osseointegration implants in the
treatment of craniofacial defects has been well docu-

mented in the literature.6–11 In 1979, Tjellström et al9

first utilized osseointegrated implants for the reten-
tion of an auricular prosthesis. This method demon-
strates much better stability and esthetic results and
overcomes other disadvantages associated with con-
ventional retentive methods.4,5,10,11 Long-term suc-
cess of implant-retained prostheses in the treatment
of patients with complete and partial ear deformities
has been reported by several authors.10–14

The purpose of this article was to retrospectively
evaluate and re-examine the clinical results of
patients treated with implant-retained auricular
prostheses in the authors’ clinic and to compare
these results with other reports.

MATERIALS AND METHODS

Patients
A total of 46 patients with ear deformities who were
treated between 1992 and 2004 in the Department
of Maxillofacial Surgery-Clinical Navigation and
Robotics of Charité University Hospital in Berlin, Ger-
many, were retrospectively evaluated. Patients were
evaluated 3 months after the loading of their auricu-
lar prostheses. Patients who were lost to follow-up
after the treatment were not included.
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The patient sample included were 18 female
patients and 28 male patients. At the time of implant
placement, the patients ranged from 5 to 96 years,
with an average age of 38 years (SD 24.9). No radio-
therapy was performed in any patient before inser-
tion of implants or during the follow-up period. Con-
genital malformation (65.2%) was the most common
indication for auricular prostheses. Other indications
included resectioning because of tumor, inflamma-
tion, trauma, or burn injury (Table 1).

A 2-stage procedure was per formed in 28
patients, with a healing period from 2.5 to 8 months
(average 3.9 months). The other 18 patients were
treated with 1-stage surgery and followed over an
average interval of 3.2 months (range, 2.6 to 4.5
months) before loading of an auricular prosthesis.
Thirty-one patients were treated with magnetic
supraconstructions for prosthesis retention (Figs 1
and 2). Another 15 patients were provided with bar-
and-clip supraconstructions. After 3 years, 4 of these

patients were switched to magnet retention because
of overgrowth of skin around the implants.

A total of 156 implants were placed in 45 patients.
One hundred fifty-two were used; the others served as
“sleeping”implants for future use in case of implant loss.
One patient was treated with an 8-hole Epitec-system
plate (Stryker-Leibinger, Freiburg, Germany) because
insufficient bone volume in the mastoid region was
found during the operation. No other intraoperative
complications were reported during insertion of
implants. The detailed distribution of implant types is
shown in Table 2. No implant loss was observed during
the follow-up period, which ranged from 6 months to
11 years.The survival rate of the implants was 100%.

Re-examination
All 46 patients were recalled for evaluation of the peri-
implant soft tissue.Two clinical parameters, skin probing
depth and sulcus fluid flow rate (SFFR),were examined.

Table 1 Diagnoses of Included Patients

Diagnosis No. of patients

Congenital defect 30
Goldenhar syndrome 8
Franceschetti syndrome 3
Thalidomide harm 1
Reason unknown 18

Tumor resection 12
Epithelioma 5
Malignant melanomas 1
Basaloma 4
Hemangioma 2

Inflammation 1
Chondrodermatitis 1

Trauma 2
Burn injury 1

Fig 1 Two telescope magnets in place.

Fig 2 Auricular prosthesis anchored over
a magnet supraconstruction.

Table 2 Distribution of Implants by Type

Implant type No. of implants

Brånemark (Entific Medical  133
System, Göteborg, Sweden)
EO system (Straumann, Basel, Switzerland) 23
Epitec system (Stryker-Leibinger,  1 plate
Freiburg, Germany)
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A WHO periodontal probe was used to evaluate
the peri-implant skin probing depth, which was mea-
sured clockwise (at the 12, 3, 6, and 9 o’clock posi-
tions).The mean of those 4 values was calculated.

SFFR is defined as the amount of sulcus fluid that
could be accumulated with a standard filter paper
within a fixed period. There is no or only a small
amount of fluid in a healthy skin pocket.The more seri-
ous the peri-implantitis is, the greater the amount of
the fluid that can be collected.15 Without any previous
local treatments, a small strip of filter paper (ISO 60,
ORBIS Dental, Offenbach, Germany) was put into the
sulcus, where the deepest probing depth was
recorded. After 2 minutes the filter paper was colored
by 1% Ninhydrin solution (in 70% ethanol). Three min-
utes later, the filter paper was measured with a ruler to
record the length of the purple colored part. At the
same time, peri-implant skin reactions were classified
as grades 0 to 4 as reported by Holgers et al16 (Table 3).

At each follow-up examination, the parameters
were examined by 2 experienced, calibrated examin-
ers. Recorded data were used for calculation of mean
values, standard deviations, and percentage distribu-
tions. Spearman’s correlation between skin probing
depth and SFFR was calculated. Differences were
considered statistically significant at P < .05.

RESULTS

Twenty patients (43.5%), 12 male and 8 female, with
an average age of 47.7 years, were reexamined. Fifty-
three implants were placed in these patients.

The mean skin probing depth was 2.1 ± 0.9 mm
(range, 0.3 to 4.7 mm), while the mean SFFR was 1.8
±1.3 mm (range, 0 to 8.2 mm). The detailed distribu-
tion of the 2 clinical parameters is shown in Figs 3
and 4. A significant positive correlation was found
between skin probing depth and SFFR (Fig 5).

Table 3 Peri-Implant Skin Reactions According to
Holgers et al16

Grade Description

0 No irritation
1 Slight redness
2 Reddish and slight moist tissue
3 Granulation tissue, revision surgery may be indicated
4 Removal of implant due to infection
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Fig 3 Distribution of skin probing depth in 53 implants.
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Fig 4 Distribution of SFFR in 53 implants.
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Fig 5 Scatter plot showing the correlation between skin prob-
ing depth and SFFR; r = 0.64. 
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The mean skin probing depth and SFFR were
higher for implants (n = 8) with the bar-and-clip
supraconstruction than for those with the magnet
supraconstruction (n = 45). However, no significant
difference was found between these 2 types of
supraconstruction (Table 4).

No adverse skin reactions (grade 0) were found in
22 implants (41.5%). Slight redness (grade 1) or red-
ness with moisture (grade 2) were found in 27
implants (51%). The patients with skin reaction grade
1 and 2 reported no complaints at all. Severe inflam-
mation (grade 3) was observed in 4 implants (7.5%).
Removal of implants due to infections was not nec-
essary for any of the implants (Fig 6).

DISCUSSION

The use of titanium implants in the mastoid region is
a well-established treatment concept. The authors’
department has be utilizing this technology for more
than 10 years. This study retrospectively evaluated 46
patients treated with implant-retained auricular
prostheses; twenty of these patients were reexam-
ined. No implant loss was observed in patients dur-
ing the follow-up period; thus, the implant survival
rate was 100%. A high implant survival rate in this
region has also been reported by other authors.10–14

The results in this and other studies support the con-
clusion that highest implant success rate is achieved
in the mastoid region because of the dense cortical
bone of the auricular region.17,18 It has been gener-

ally thought that osseointegration requires a healing
period of at least 3 months and that premature load-
ing resulted in fibrous tissue encapsulation around
the implants.19,20 In this study, the average healing
period in patients with either a 1- or 2-stage proce-
dure was about 3 months.

Magnetic retention of a prosthesis is convenient
for cleaning the peri-implant soft tissue and provides
a natural mobility of prosthesis.21,22 In contrast, with
the conventional bar- and-clip method, it is difficult to
maintain hygiene around the implants,23 and metal
clips may fracture over time, making revision and
repair difficult.24 In a study of auricular prostheses,
Wazen et al reported that peri-implantitis in a patient
was relieved after the changing from bar-and-clip to
magnet supraconstruction.25 In the reexamination
conducted in the present study, higher skin probing
depth and SFFR were observed with bar-and-clip
supraconstruction; however, no statistically significant
difference was found between the 2 types. The lack of
significant difference may be related to the small
number of implants under investigation.

Possible problems with the auricular prostheses
include complications with irritation and inflammation
of the skin around the implants. No adverse skin reac-
tion or a minimal skin reaction (grades 0 to 2) were
found for 92.5% of the implants, while granulation tis-
sue (grade 3) was observed in 7.5% of the implants.
This is consistent with other reports.12,13,26 The major-
ity of grade 1 or 2 skin reactions can be resolved with
regular cleansing and application of mild oint-
ments.12,13,26 It is believed that the mechanical clean-
ing helps reduce extrinsic inflammatory factors.27

In the present study, skin pockets could be found
in all of the examined implants, which indicated that
a more restricted subcutaneous tissue reduction was
necessary. As reported by other authors, peri-implant
infection that persists even after intense local treat-
ment can contribute to the thickness of the skin
around the abutments, in which case skin reduction
would be needed to normalize the soft tissue around
the abutments.11,26,28 

Although measurement of the SFFR was first devel-
oped to evaluate the gingival status around intraoral
implants, Klein et al29 found that SFFR is also a suitable
parameter for the objective evaluation of peri-implant
soft tissue in the craniofacial region. Knabe et al15

reported that the SFFR is more useful than the skin
probing depth in evaluating the peri-implant situa-
tion. Loe and his colleagues30 found in a long-term
study of gingivitis that the evaluation of the SFFR may
indicate peri-implantitis before any clinical sign of
inflammation. However, reports about the use of the 2
peri-implant parameters skin probing depth and SFFR
in extraoral implants were not found in literature. Also,
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Fig 6 Distribution of grades of skin reaction in 53 implants.

Table 4 Mean SFFR and Skin Probing Depth by
Supraconstruction Type

Magnet Bar-and-clip

Parameters Mean SD Mean SD

SFFR (mm) 1.8 1.4 2.1 1.5
Skin probing depth (mm) 2.0 0.9 2.6 1.5

Guo  5/21/08  3:26 PM  Page 542



The International Journal of Oral & Maxillofacial Implants 543

Guo et al

there is still no standard definition of a healthy peri-
implant skin pocket according to the skin probing
depth and SFFR. The present study demonstrated in
53 implants that skin probing depth showed signifi-
cant positive correlations with SFFR. In other words, a
deep skin pocket is susceptible to an initial peri-
implantitis. The results of this study demonstrate that
SFFR may be a useful indicator of peri-implantitis.
Measurement of SFFR should be considered as a rou-
tine clinical parameter in the assessment of peri-
implant soft tissue; however, further study is needed
to determine whether the SFFR can predict the early
occurrence of inflammation. A standard score based
on SFFR has not yet been reported. To find a correla-
tion between SFFR and the grade of inflammation, a
detailed histologic study of the skin pocket could be
performed.

CONCLUSIONS

From the clinical results obtained in this study, it can
be concluded that the implant-retained auricular
prosthesis provides a high success rate in the mastoid
region. A deep sulcus is usually a sign of peri-implanti-
tis and indicates a need for surgical thinning of subcu-
taneous peri-implant soft tissue to relieve symptoms.
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