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Abstract

Int roduct ion and obj ect ive:  The most  common postoperat ive complicat ions related to BAHA 

prosthet ic surgery are skin complicat ions. In this study we compare and evaluate these react ions 

with 2 dif ferent  surgical techniques, the BAHA dermatome and the U-graft  technique.

Material and method: Fifty-three pat ients who underwent  implantat ion of a BAHA at  our hospital 

between 2001 and 2008 were studied.  The comparison of  t he skin react ions was carried out  

according to Holgers’ classiication. We also recorded the number of cures required until skin 
stabilizat ion.

Result s: We used the dermatome in 27 patients and the U-graft in 26 patients. In the dermatome 
group t here was a t ot al  of  74% of  skin react ions (20 pat ient s),  in cont rast  wit h t he 34% (9 

pat ient s) observed in t he U-graf t  group.  The average number of  cures for pat ient s in t he 

dermatome group and those in the U-graft  group was 4.1 and 2.7, respect ively. The dif ferences 

found were statistically signiicant and had a 95% conidence interval.
Conclusions:  In our experience,  t he use of  t he elect ric dermatome in BAHA surgery of fers a 

higher incidence of  skin complicat ions in comparison with the U-graf t  t echnique. Since both 

t echniques have a number of  advantages and disadvantages,  select ing t he t echnique t o be 

employed according to the individual characterist ics of each pat ient  may offer bet ter results in 

the future.

© 2009 Elsevier España, S.L. All rights reserved.
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Introduction

From the irst application of titanium implants in the 
temporal bone in 1977, the bone anchored hearing aid (BAHA) 
type osseointegrated implant  has become a widespread, 
well-established method of auditory rehabilitat ion. This 
percutaneous implant  provides greater performance, 
comfort  and sound quality than convent ional devices using 
bone conduct ion and osseointegrated t ranscutaneous 
systems. It also allows a signiicant reduction in ear 
infect ions in pat ients with chronic ot it is using hearing aids 
with conduct ion through the airways.1,2

The modiications and additions that have occurred around 
this hearing aid are mult iple, especially regarding indicat ions 
and surgical technique. While the principles of the surgical 
technique described by Tj ellst rom are maintained,3 it  has 
been the subject of variations and modiications by various 
authors, always with the goal of decreasing the number of 
complicat ions and improving results.

Regarding the implantat ion, that  is, the int roduct ion of 
the implant  into bone t issue, few changes have occurred. 
Moreover, the 2-stage technique used init ially is current ly 
used only in young children. In cont rast , there has been 
considerable progress and new incisions have been 
developed in the management  of skin and soft  t issue.

In the irst BAHA surgeries, a free, thin, autologous, 
cutaneous lap was transposed from the retroauricular 
region to the region of the osseointegrated implant  in the 

Comparación de las complicaciones dermatológicas entre el dermatomo y el colgajo 

en “U” en la cirugía del BAHA

Resumen

Int roducción y objet ivo: Las complicaciones dermatológicas son las complicaciones postoperato-

rias más frecuentes relacionadas con las prótesis BAHA (bone anchored hearing aid). En este estu-

dio comparamos y evaluamos estas complicaciones con dos técnicas quirúrgicas diferentes: el 

dermatomo BAHA y el colgajo en “ U” . 

Material y métodos: Se estudió a 53 pacientes intervenidos en nuestro centro entre 2001 y 2008. 

La comparación de las complicaciones se realizó según la clasiicación de Holgers et al. Hemos 
regist rado, además, el número de curas que se requieren hasta la estabilización de la piel.

Resultados: Hemos ut ilizado el dermatomo en 27 pacientes y el colgajo en “ U”  en 26 pacientes. 

En el grupo dermatomo hemos tenido el 74% de complicaciones (20 pacientes), que contrastan con 

el 34% (9 pacientes) con el colgaj o en “ U” . La media de curas por paciente con el dermatomo y 

con el colgajo en “ U”  es de 4,1 y 2,7, respect ivamente. Las diferencias encontradas son estadíst i-

camente signiicativas para un intervalo de conianza del 95%.
Conclusiones: En nuestra experiencia, el uso del dermatomo eléctrico en la cirugía del BAHA es un 

método que nos ofrece un mayor número de complicaciones dermatológicas que el colgaj o en 

“ U” . Dado que ambas técnicas t ienen una serie de ventajas y desventajas, quizás la selección de 

la técnica por ut ilizar según las característ icas de cada paciente de forma individualizada permita 

obtener mejores resultados en el futuro.

© 2009 Elsevier España, S.L. Todos los derechos reservados.
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second surgical procedure.4 The only subcutaneous t issue 
reduct ion performed was that  needed for the implant  to 
remain above skin level.

Subsequent ly, an anterior-based, U-shaped, pedicled 
manual lap5 was developed. However, other mult iple 
incisions and manipulat ions of the skin in BAHA have been 
described.6 We can cite transposition laps (Browning, 1990), 
the linear incision (Mylanus and Cremers, 1994), the free 
lap around the implant (Rothera, 1998) and the circular 
island lap with four releasing incisions (Dutt, 2000), among 
others. The challenge of obtaining the correct  cutaneous 
thickness took a turn in 2001 with the incorporat ion of a 
dermatome specially designed for BAHA surgery.

Whatever the incision used, it should enable generous 
resect ion of the subcutaneous soft  t issue, creat ing 
a progressive depression at  the edges (to avoid skin 
overgrowing the implant) and maintaining a ixed, immobile 
lap to minimize scarring and inlammation around the 
implant . At  the same t ime, the careful handling of the skin 
t issue and its viabilit y are very important .

Material and methods

We studied the patients implanted at our department of 
otolaryngology from December 2001 through November 
2008. A total of 71 BAHA surgeries (19 reoperat ions) were 
carried out  on the 53 pat ients included in the study. A total 
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of 27 pat ients were included in the “ dermatome”  group and 
26 patients in the U lap group. Of these, 50.9% were men 
and 49.1% were women, with an average age of 42.8 years 
and a range of 12-76 years. The indicat ions for implantat ion 
were, in most  cases (96%), bilateral chronic ot it is media 
non-suscept ible to reconst ruct ive surgery and which did not  
tolerate convent ional hearing aids due to frequent  otorrhea. 
One pat ient  presented bilateral congenital ear at resia and 
another, unilateral anacusis.

Pat ients were divided into 2 groups to study the 
dermatological complicat ions arising and the number of 
cures required until inal skin stabilization, according 
to the type of lap employed (manual U lap vs electric 
dermatome). The classiication used for complications was 
that  of Holgers et  al7 (Figure 1):

Figure 1 Examples of  skin complicat ions. From lef t  t o right : 

discrete redness (Grade 1),  redness and discharge (Grade 2), 

granulation tissue (Grade 3) and extensive inlammation and 
infect ion with “ buried”  implant  requiring removal (Grade 4).

Figure 2 Manually prepared U lap.

Figure 3 Flap prepared using the elect ric dermatome.

•   Grade 0: no skin reactions. Cleaning of epithelial debris, 
if  necessary.

•   Grade 1: discrete redness or cutaneous erythema. Local 
t reatment .

•   Grade 2: mild exudate erythema without granulation 
t issue. Local t reatment  and ext ra checks.

•   Grade 3: erythema and exudate, sometimes with 
granulat ion t issue. Review surgery indicated.

•   Grade 4: extensive inlammation and infection requiring 
implant  removal.

The surgical technique employed5 begins with delimitat ing 
the previously-shaved surgical area with a simulator and 
iniltrating with local anesthesia.

Two types of lap were used in skin management, as 
mentioned previously. The U lap (Figure 2) measures 25- 
30 mm in length by 20 mm of anteriorly pedicled base. It  is 
designed with a cold scalpel and should be thinned out  as 
much as possible to obtain a lap free of hair follicles and 
with a minimum thickness. A shaver is used from the inside 
of the skin to aid in this process, allowing a reduct ion of 
the thickness to a minimum while being as at raumat ic as 
possible for the skin tissue. The lap made with the electric 
dermatome (Figure 3) is pedicled superiorly or inferiorly 
for the surgeon’s convenience, depending on the side to 
intervene: a right -handed surgeon performs it  from the 
bot tom up (that  is, pedicled superiorly), while it  is in the 
opposite direct ion for a left -hander (pedicled inferiorly). 
The lap obtained is free from hair follicles and is 25 mm 
wide and 0.6 mm thick. Once the lap is fashioned, it is 
folded down and covered with gauze soaked in physiological 
saline solut ion.

The following part ,  reducing the subcutaneous t issue, is 
of great  importance. It  should be fully resected from the 
region around the implant  up to the periosteum, which must  
be respected. It  is preferable to dissect  and respect  (that  is, 
not  to remove) this t issue init ially, because if  a complicat ion 
arises, such as cerebrospinal luid istula (CSF) or severe 
bleeding, this material can serve as seal. The subcutaneous 
t issue should be resected even below the margins (at  least  
1-2 cm) of the incision to create a gradual slope towards the 
area of the implant . Suturing the remaining subcutaneous 
t issue to the periosteum is important  to facilitate the 
format ion of this slope.8

Review surgeries usually consist of lifting the lap, excising 
all subcutaneous tissue, thinning the lap and, in some 
cases, placing a pedestal of greater length (8.5 mm). 8

Table 1 Dermatological complicat ions according to the 

classiication of Holgers et al.

Grade Pat ients, No. (%)

0 (no skin react ions) 24 (45.2)

1 (discrete redness) 10 (18.8)

2 (erythema and discharge) 7 (13.2)

3 (granulat ion t issue) 11 (20.7)

4 (extensive inlammation and infection) 1 (1.8)
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The software programs SPSS version 15 and Epidat  3.1 
were used for stat ist ical analysis.

Results

Dermatological complicat ions appeared in 52.8% of 
pat ients. Of these, 18.8% (10 pat ients) presented Grade 
1 complicat ions, 13.2% (7 pat ients) Grade 2, 20.7% (11 
pat ients) Grade 3, and 1.8% (1 pat ient ) Grade 4 (Table 1). 
Of these, 16.9% (9 pat ients) required surgical reviews to 
solve their cutaneous problems, 3 of them twice. A free skin 
graft  of abdominal skin was used on 2 occasions.

In patients intervened with U lap, there were 9 patients 
with complicat ions, in cont rast  to the 20 in pat ients 
intervened with dermatome (Table 2). The dif ferences 
between both groups are statistically signiicant (P=.0091).

The classiication of Holgers et al. does not include 
cutaneous overgrowth and there are complicat ions that  can 
coexist. We therefore included such complications in the 
degrees of Holgers et al. Partial and total lap necrosis (often 
associated with exudates and infect ion) were included in 
Grade 2, because in most  cases they are not  associated with 
granulat ion t issue. Moreover, they do not  generally require 
review surgery for resolut ion, as this usually occurs over 
t ime by healing through secondary intent ion. Cutaneous 
overgrowth, often associated with granulat ion t issue, was 
included in Grade 3. These cases are also, generally, the 
ones that  require review surgery with placement  of an  
8.5 mm pedestal.  

In Group 3 pat ients, it  should be noted that  of the 
5 intervened with U lap, 4 later presented cutaneous 
overgrowth and only one presented granulomas. In cont rast , 
out  of the 6 dermatome pat ients, 2 presented overgrowth 
and 4 granulomas.

The average number of cures in the pat ients intervened 
with the U lap was 2.73 per patient, while it was 4.1 
t reatments per pat ient  in those intervened with the 
dermatome. These dif ferences were once again stat ist ically 
signiicant (P=.000).

Discussion

The problem we pose with skin react ions that  occur in 
BAHA prosthesis is an issue that  cont inues to cause changes 

and cont ribut ions despite three decades of  experience. 
Regardless of  the good auditory result s obtained with the 
prosthesis,  there is this potent ial l imitat ion of  the skin 
inherent  to the nature of  the device. Constant  contact  
between the foreign t it anium body and the skin around 
the implant results in a chronic inlammatory reaction 
around it .  This decreases with t ime. 12 It  consists of 
polymorphonuclear cells,  B cells and plasma cells,  but  not  
T cells,  suggest ing a react ion to exogenous factors related 
to the implant  rather than a chronic allergic react ion to 
the implant  it self .  An allergic react ion to contact  with 
t it anium is rare,  but  as we have seen, it  is the cause of  a 
local inlammatory reaction.13

The classiication of Holgers et al is widely used in various 
publicat ions and forms the basis of  dif ferent  comparisons. 
However, from our point of view, and coinciding with Wazen 
et  al, 14 t here are a number of  l imitat ions to point  out .  It  
does not  include cutaneous overgrowth as a complicat ion, 
one we could consider maj or,  as it  requires review 
surgery. We have also previously discussed the possibility 
of coexistence of various complications classiied in 
dif ferent  degrees, in some cases t reated successfully with 
conservat ive approaches and others with the need for 
surgery.

We know that many patients develop granulation tissue 
(Grade 3 according to Holgers et  al) and are successfully t reated 
with local cures without the need for review surgery. However, 
there may be erythema and exudates that cause major lap 
necrosis, without granulat ion t issue (also Grade 3), which 
are solved without surgery. Therefore, another classiication 
was proposed, with 5 degrees selected on the basis of the 
treatment required and also including skin overgrowth, which 
we believe to be more complete.14 Another recent ly-published 
classiication divides the minor and major complications, 
depending on the need or not for review surgery.15 However, 
to establish comparisons with most authors, we must turn to 
the classiication of Holgers et al.

Various publ icat ions provide very dif ferent  result s 
regarding t he f requency of  complicat ions.  Most  of  t hem 
agree on a large number of  pat ient s who have some t ype 
of  skin react ion,  in some series reaching 51%11 or 33%. 16 
The proport ion of  complicat ions in our st udy (52.8%) is 
sl ight ly above t he best  of  t hese series.  In complicat ions 
of  Grade 2 or higher,  t here is also great  variabil i t y in t he 
medical l i t erature,  f rom 1.74% to 21%. 9-12,17,18 Our series 
of fers worse result s,  wit h 35.7% of  complicat ions at  
Grade 2 or higher.  It  should be pointed out  t hat  we had an 
elevated number of  pat ient s who developed granulat ion 
t issue in t he skin-t it anium int erface (20.7%),  wit hout  
t his entail ing review surgery (only local cures) in most  
of  t hem.

The 2 techniques compared in the study can be seen to 
have a number of advantages and disadvantages. The U 
lap requires more surgical time in its elaboration and gives 
a greater skin thickness. It is therefore dificult for it to 
be completely free of hair follicles and there is a higher 
possibilit y that  the hair plane is sunk with respect  to the 
skin plane. However, it  offers a lower rate of complicat ions 
than the dermatome (34% vs 74%), with fewer concurrent  
infect ions and necrosis, possibly due to it s increased 
vascularizat ion. There is also less format ion of granulat ion 
t issue. 

Table 2 ermatological complicat ions according to surgical 

technique employed

Grade U lap (n=26) Dermatome (n=27)

0 17 7

1 2 8

2 2 5

3 5 6

4 0 1

Total, n (%) 9 (34) 20 (74)
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The dermatome is obtained much more quickly (it  
reduces surgical t ime) with a very thin skin thickness. 
However, we consider that it behaves almost as a free lap 
and the rate of necrosis is therefore much higher (22% vs 
2.6%). This increased avascularity may make necrosis, as 
well as infect ion and granulat ion t issue in the skin-t itanium 
interface, more likely. The dermatome also increases the 
cost of surgical materials. In a study comparing the U lap 
with the dermatome, more necrosis was obtained with 
the irst than the second (9.2% vs 3%), with no signiicant 
dif ferences between both techniques.19 There is a hypothesis 
that  would explain this by the lower metabolic demand of 
the lap obtained with the dermatome. In contrast, in our 
series we obtain signiicant differences both in the number 
of complicat ions and the number of cures, which are closely 
related aspects.

Considering the moment  of external processor adaptat ion, 
which we performed 3 months after surgery, these 
t reatments do not  prolong this period. This is because the 
skin is usually already stabilized, although the t reatments 
generally require two cures. However, dif ferent  authors 
set  the t ime of adaptat ion at  6 weeks without  affect ing 
osteointegrat ion.14,19,20 Given this, the “ dermatome group,”  
with its greater number of cures, might not obtain suficient 
skin stabilit y to adapt  the processor in that  t ime. 

We also understand that the thickness of subcutaneous 
cellular t issue has important  implicat ions, and that  
individualized pat ient  assessment  according to weight  and 
const itut ion can be a factor to consider. Current ly, we are 
focusing on establishing correlations between the U lap and 
the dermatome with patient BMI (unpublished data). We 
are using the dermatome in children, non-obese women and 
lean men. In contrast, we are utilizing the U lap in men in 
general, obese women, reintervent ions, skull deformit ies, 
skin scarring and dermat it is, as well as for simultaneous 
mastoidectomy.

While continuing to develop different surgical techniques, 
we must  not  forget  the basic principles of soft  t issue 
management  in BAHA, which are essent ially 2:

•   The irst is the removal of the subcutaneous tissue below 
the skin lap to the periosteal layer (which should be 
respected, except  in the area of implant  insert ion). The 
subcutaneous tissue that we leave allows us to stop lap 
movement  during cures and progress towards scarring and 
swelling; it  may eventually lead to cutaneous overgrowth 
above the hair plane.

•   The second, more important, is to reduce the subcutaneous 
plane below the edges of the incision as well.  At  least  1 
cm is considered suficient, depending on the thickness 
of the cranial subcutaneous t issue.

All this must  be considered in the context  of met iculous 
surgical technique, both in skin handling and implant  
placement .
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