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Adverse skin reactions following percutaneous bone conduction
implant surgery using the linear incision technique with and without

skin reduction.

Long-term outcome in 289 cases.
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ABSTRACT

Conclusions:
Adverse skin reactions were equally distributed among age groups, surgical technique or presence of
a retroauricular incision. Implant loss was observed more frequently in children when compared to

adults and elderly.

Objective:

A bone conduction (osseointegrated) implant can be used for rehabilitation of patients with
conductive hearing loss or single-sided deafness. The surgical technique has been modified to
minimize adverse skin reactions and other complications. Two commonly used techniques are the
linear incision technique with skin reduction and the technique without skin reduction.

The primary aim is to compare the complication rate between the two surgical techniques.

Methods:
Retrospective study on all bone conduction implant cases implanted between April 1990 and July
2014. Skin reactions were graded by Holgers’ scale (grade 0-1: “normal”, grade 2-3: “adverse”). The

worst follow-up available was reported.

Results:

Of the 289 bone conduction implants, 25 were implanted in children, 220 in adults and 44 in elderly.
Implant loss occurred in 2.8% of all cases: 8.0% in children, 2.3% in adults and 2.3% in the elderly.
Skin overgrowth was seen in 4.2%: 4% in children, 4.8% in adults and 3.5% in the elderly. We
observed no differences in the amount of adverse skin reactions (16.8% versus 14.7%) or skin
overgrowth (4.6% versus 2.9%) between the surgical techniques. There was no difference in adverse
skin reactions if the patient had a retroauricular incision (14.4% with versus 17.8% without prior

incision).
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INTRODUCTION

The bone-anchored hearing aid (BAHA) or bone conduction (osseointegrated) implant (BCI) was
introduced by Anders Tjellstrom in 1977 (1) in patients with mixed or conductive hearing loss, who
were unable to wear an air conduction hearing device. Frangois-Michel Vaneecloo extended the
indications to single-sided deafness in 2001 (2), by reporting the use of BCI for contralateral
routing of signals by bone conduction.

Although the surgical technique to introduce the percutaneous titanium implant into the cortical
bone hasn’t changed significantly, the way the overlying skin and subcutaneous tissues are handled
has evolved quite significantly (3-5). Among the most frequent complications that occurred after
implantation, were adverse skin reactions around the abutment (including erythema and/or
granulation tissue with or without infection) and rarely implant loss. While mild adverse skin
reactions can be treated with topical ointment containing mixtures of antibiotics and corticosteroids,
more severe adverse skin reactions require the use of a dressing fixated by the healing cap or
eventually revision surgery. The surgical techniques that are recommended nowadays are the linear
incision techniques with and without skin reduction. Both techniques were designed to reduce
manipulation of the skin, believing that fewer intraoperative and postoperative complications would
occur.

The aim of this study is to describe the frequency of complications after implantation of the
percutaneous BCI, to compare the results in different age groups and between two surgical

techniques.



MATERIALS AND METHODS
Ethics.

The study was designed and conducted according to the Declaration of Helsinki (1996). Ethics

committee approval for surgical outcome auditing was obtained.

Patient data

This is a retrospective study on all percutaneous BCI cases implanted in the Antwerp University
Hospital between April 1990 and July 2014. We reviewed the etiology of hearing loss, type of
surgical technique, presence of skin overgrowth or implant loss, and the state of the skin
surrounding the abutment. Skin observation started 3 months postoperatively, followed by
examinations available in the electronic patient record system with a minimal interval of 3 months.
Patients where observed at least on a yearly basis or in case of skin reactions. Skin reactions were
graded by the Holgers scale (Table 1) (6) and were identified as “normal” if graded 0 or 1, and
“adverse” if graded 2 or 3. Implant loss is defined as grade 4. The worst follow-up available was
reported. We defined age groups as “children” if younger than 17 years, “adults” between 17 and 64

years and “elderly” from 65 years.

Surgical technique

The linear incision technique with skin reduction was used between April 1990 and October 2012.
This technique requires a linear retro-auricular incision at the site where the titanium implant will
be drilled into the cortical bone. Subcutaneous tissues are resected, so only the epidermis, dermis
and periosteum stay in situ. The incision is closed around the abutment with non-resorbable sutures.
In October 2012, we started using the technique without skin reduction in all patients. In this
technique the subcutaneous tissues are left untouched and the implant is placed next to the linear
incision being about 1 centimeter behind the linear incision. We also used a newer implant with a
hydroxyapatite coating on the abutment. The abutment is available in different heights, so after

measuring the thickness of the skin, the correct implant can be chosen. A 5-mm biopsy punch is



used to make a calibrated hole in the skin and the abutment is pushed through. The linear incision is

closed with resorbable and non-resorbable sutures.

Statistics
A Cox-regression was used to analyse adverse skin reactions. Chi Square-test was used to analyse
skin overgrowth, implant loss and prior surgery. T-test was used to analyse length of follow-up and

revision surgery. Log Rank test was used to analyse the interval until an adverse event occurred.



RESULTS

A total of 289 BCI implants were placed in 265 patients: 25 children (3-16 years), 220 adults (17-64
years) and 44 elderly (65-88 years), with a mean age of 47 years. Twenty-four patients were
implanted bilaterally. Skin reduction was performed in 251 cases, while 38 cases underwent the
procedure without skin reduction. Concerning comorbidity, there are two patients with Down
syndrome, one with Treacher-Collins and one with Franceschetti-Klein syndrome. The mean
follow-up time was 42 months in the whole study population, 47 months in the group with skin
reduction (range 2-258 months) and 6 months in the group without skin reduction (range 2-18

months).

Etiology of hearing loss

Conductive hearing loss (62% of all cases) was mainly caused by cholesteatoma (33%), middle ear
surgery (28%), chronic otitis media (22%) and congenital deformities (10%). The group with
sensorineural hearing loss (34% of all cases) consists of patients with single-sided deafness, such as
after resection of a vestibular schwannoma (36%), sudden sensorineural hearing loss (28%),
Ménicre’s disease (11%) and congenital sensorineural hearing loss (9%). Etiology was unknown in

4%.

Skin reactions

The worst follow-up available per patient is shown in Table 2. In 15.2% of patients, the worst
follow-up was Holgers grade 2 or more. Comparing the two surgical techniques, we observed no
statistically significant differences in the amount of adverse skin reactions: 16.8% in the group with
skin reduction versus 14.7% in the group without skin reduction, Hazard Ratio 0.583 (CI 0.222 —
1.527; p = 0.272) in the whole group of patients. No statically significant difference was observed
between the 3 age groups (Hazard Ratio 0.576 (CI 0.219 — 1.517; p = 0.264). Holgers grade 2 or
more was not preceded by a lower score. A Kaplan-Meier survival analysis studying the interval

until an adverse skin reaction occurred, can be found in figure 1.



Skin overgrowth

In total, 4.2% of patients had skin overgrowth. There was no statistically significantly difference
between the two surgical techniques (4.6% in the group with skin reduction versus 2.9% in the
group without skin reduction, p = 0.548). No statically significant difference was observed between

the 3 age groups (p = 0.807), with 4.0% in children, 4.8% in adults and 2.5% in the elderly.

Implant loss

Overall, 2.8% of the implants were lost spontaneously after a mean of 52 months (range 2-114
months): 8% in children, 2.3% in adults and 2.3% in the elderly. The difference between children
and adults was not statistically significant (p = 0.153). The mean time to any adverse event in the
overall population was 29 months; 31 months (range 2-114) in the group with skin reduction, 4

months (range 2-6) in the group without skin reduction (p = 0.000), which is statistically significant.

Prior surgery

We did not observe a statistically significant difference in adverse skin reactions if the patient
already had a retroauricular incision before implantation (14.4% of patients with prior surgery in
comparison with 17.8% without prior retroauricular incision, p = 0.301), such as after resection of a
vestibular schwannoma or cholesteatoma. There was no statistically significant difference in skin
overgrowth when patients had prior surgery (4.1% versus 4.5% in patients without prior surgery, p
= 0.561). Implant loss occurred both in the groups with or without prior surgery (3.8% without

versus 1.0% with prior incision, p = 0.156).

Revision surgery
Revision surgery was needed in 12.8% of overall cases, of which 14.3% in the group with skin
reduction versus 2.6% in the group without skin reduction (p = 0.028). Revision surgery was

performed after a mean of 40.5 months (range 2-126 months) after implantation. In most cases



(62%), revision surgery was performed to adjust the skin edges to the implant and resect necrotic
skin. This type of surgery happens after a mean follow-up period of 35 months (range 2-126
months). Revision surgery that was performed to resolve skin overgrowth (19% of cases) occurs
after a mean follow-up period of 63 months (range 18-96 months). Comparison of the timing of
revision surgery was not statistically different between the group with skin problems or the groups

with skin overgrowth (p = 0.053).



DISCUSSION

Over the past few years, techniques for percutaneous BCI placement have evolved. All techniques
aim to further reduce adverse skin reactions and complications. Initially, surgical techniques aimed
to reduce as much tissue as possible surrounding the abutment. More recently, the focus of surgery
has evolved into avoiding tissue removal and introducing a longer abutment coated with
hydroxyapatite (3-5, 7). In our department, we have used the linear incision technique with and
without skin reduction for over 20 years. When comparing adverse skin reactions in both groups,
we found no statistically significant differences in Holgers score. An overall percentage of 15.2% in
adverse skin reactions is comparable with the results of another study of 185 patients with different
surgical techniques (8), including a manual pedicled flap, with an overall percentage of 14.1% of
adverse skin reactions. In our population, we did not observe a statistically significant difference in
adverse skin reactions between age groups. This finding is in contrast to the study by Dun et al. (9)
and Tzortzis et al. (10), that children are more prone to adverse skin reactions when compared to
adults and the elderly. A similar study on adults by Husseman et al. (11) reported an adverse skin

reaction rate of 14.7%.

Our data indicate that implant loss is observed more frequently in children. Our results are
consistent with the findings of a meta-analysis where implant loss in children ranged up to 25%
(12) compared with a percentage up to 17% in adults and mixed populations. Bodnia et al. (8) also
found a trend toward more implant losses among children (18%), when comparing with adults
(2.5%). Another study with a population of patients with an age of 60 years or older (13) shows
implant loss in 6.5% of cases. Theoretically, implant loss can be the result of failed osseo-
integration, which is observed more frequently in the elderly. The newer abutment with hydroxy-
apatite coating can diminish this part of implant losses (14), which may be of importance for
patients with thin or compromised bone. A study by Hultcrantz et al. (15) already demonstrated the
reduction in duration of surgery to 10-15 minutes, which is important for organizational and

financial aspects.



To our knowledge, there are no earlier studies investigating the influence of prior retroauricular
surgery. By incising the skin of the retro-auricular region and loosen it from the bone, it is possible
that the vascular supply is diminished and it makes the skin prone to more adverse reactions (16).
Results of this study indicate that a retroauricular incision isn’t worsening the outcome of the
implant surgery by adverse skin reactions or implant loss. Revision surgery was needed in 12.8% of
cases, comparable with 10% in a study by Singham et al. (17) and 12.8% in another study with 149
patients (18). They also noticed that skin overgrowth procedures are late complications. As stated in
a study by Allis et al. (19), a longer abutment (8.5 mm, without hydroxyapatite coating) can
diminish the amount of infections of the surrounding skin, skin overgrowth and the need for
revision surgery. This can be an explanation why there is a trend to less revision surgery in the

group without skin reduction, due to a better choice of abutment in this group.

A limitation of our study is the difference in mean follow-up time between the group with skin
reduction (mean of 47 months follow-up time) and the group without skin reduction (mean of 6
months follow-up time), which can be explained because the technique without skin reduction is
new and only used since 2012. Conclusions about long-term follow-up should be interpreted with
caution. A larger population with longer follow-up time in the group without skin reduction is

needed in further research.



CONCLUSION

We could not demonstrate a statistically significant difference in adverse skin reactions, implant
loss or revision surgery when comparing the linear incision technique without skin reduction to the
linear incision technique with skin reduction. Since both techniques demonstrate equivalent adverse
skin reactions, we prefer the linear incision technique without skin reduction because it is easier to

perform and less time-consuming.
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TABLES

Grade 0 No irritation

Grade 1 Slight redness

Grade 2 Red and slightly moist tissue

Grade 3 Red and moist; sometimes granulation tissue
Grade 4 Implant loss

Table 1. Holgers scale (6)

8-16y 17-64y 65-91y
Holgers grade 0 8 124 54
Holgers grade 1 4 23 9
Holgers grade 2 0 11 3
Holgers grade 3 2 20 8
Holgers grade 4 1 2 5

Table 2. Skin reactions per age group: worst follow-up available




FIGURE LEGENDS

Figure 1. Kaplan-Meier analysis shows no statistically significant difference between the two
surgical techniques (Log Rank test, p = 0.256) when studying the interval until an adverse skin

reaction occurred.
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