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INTRODUCTION
After more than 25 years of clinical experience, the

bone-anchored hearing aid (BAHA) system is a well-
established method of treatment for hearing impaired pa-
tients with conductive or mixed hearing loss (HL).1 Since
2003, a new indication for BAHA implantation has been
established in the case of patients with single-sided deaf-
ness of various causes, for instance, after acoustic neu-
roma surgery, bacterial meningitis, sudden sensorineural
HL, or stapes or middle ear surgery.1–4 In patients with
single-sided deafness, the BAHA is placed near the deaf
ear and works as a transcranial contralateral-routing-of-
signal device. The BAHA system is an osseointegrated
bone conduction implant system that uses direct bone
conduction by a 3 or 4 mm titanium-based countersunk
head screw with premounted abutment that is implanted
into a tapped hole in the temporal bone behind the ear. A
tight coupling between the BAHA and the skull is essen-
tial for efficient vibration conduction.

The purpose of this study was to evaluate the fea-
sibility and usability of different radiologic methods
such as computed tomography (CT), magnetic resonance
imaging (MRI), and rotational tomography (RT) for as-
sessment of the position of the implanted screw after
placement into the temporal bone. Another aspect of the
study was to determine the method with the smallest
possible artifacts and its influence on the postoperative

imaging procedure control, after for instance, acoustic
neuroma surgery.

MATERIALS AND METHODS
A formalin-fixed cadaver head was implanted with a fix-

ture, 4 mm long and titanium based, self-tapping, and pre-
mounted (Cochlear GmbH, Hannover, Germany). Screw di-
mensions, together with the abutment, are 5.35 mm in length
and 5.5 mm in diameter at the top of the abutment (Fig. 1). The
screw was implanted obliquely to determine the best method
for detecting the angle. Furthermore, we did not perform a
disposal well for determining the distance of the abutment
from the temporal bone.

The head was imaged with CT, MRI, and RT. Navigated CT
scans were performed with a 16-slice scanner (Somatom Sensa-
tion 16, Siemens Co, Erlangen, Germany), with a slice thickness
of 1 mm.

The technique of RT is based on three-dimensional (3D) digital
radiography with a DynaCT-capable angiography unit. DynaCT
enables selected systems of the Axiom Artis family to create images
that are similar to a CT scan. We used DynaCT with an Axiom Artis
dTA (Siemens Co., Erlangen, Germany) equipped with a digital
flat-panel detector. Maximum field of view was a volume scan of 18
cm height and a slice size of 24 � 24 cm. Minimal slice thickness and
voxel size were 0.4 mm. DynaCT uses the images of single Dynavi-
sion rotational radiography.5,6

The head then underwent examination in a 3 Tesla MRI
scanner (Siemens Trio Tim, Siemens Co., Erlangen, Germany).
We obtained a T1-weighted 3D data set with 1 mm slice thickness
(isotrope data set) and an axial T2-weighted data set with 4 mm
slice thickness. Differences of artifacts, visibility of the screw, and
size of artifacts were compared among the CT, MRI, and RT
scans.

RESULTS
CT and RT procedures allowed identification of the

screw that was positioned inside the temporal bone. The
CT scan showed small, metallic artifacts but still showed
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partial volume effects. The drill hole, penetrating the
entire temporal bone diameter, could also be seen, but the
exact length of the screw in the bone was difficult to
quantify because of the artifacts (Fig. 2). RT allowed
identification of the accurate position of the screw (Fig.
3). The metallic artifacts caused by the implanted screw
were negligible. The exact angle between the screw and
skull surface could be identified accurately with RT
imaging (Fig. 4). Furthermore, RT clearly depicted the

length of the screw in the bone and the distance to the
dura (Fig. 3).

In the MRI scans, the screw was not visible, but the
location of the screw hole in the temporal bone could be
identified because of the artifact. The artifact was 15.1 to
17.4 mm (Fig. 5), and therefore evaluation of the screw or
possible injury to the dura was not available.

We also wanted to determine the possibilities and
limitations in identifying the brainstem and the internal

Fig. 2. Multislice computed tomography imaging (left, axial; right, coronal) in human temporal bone after screw implantation. Arrows indicate
artifacts that do not allow definition of exact end of screw.

Fig. 1. (A) Four millimeter titanium-based
countersunk head screw with premounted
abutment. (B) Engineering detail drawing
of 4 mm flange fixture (Cochlear GmbH,
Germany).

                                                                                     

    



auditory canal with CT or MRI after BAHA implantation.
This might be of clinical interest after acoustic neuroma
surgery in combination with BAHA implantation. In both
CT and MRI (T1- and T2-weighted) scans, the internal
auditory canal and brainstem were clearly visible, and
there were no limitations resulting from the artifacts of
the screw.

DISCUSSION
Because of the relatively new indication for BAHA

implantation in patients with single-sided deafness of var-
ious causes, especially after acoustic neuroma surgery,
postoperative quality control by suitable imaging methods
is desirable. In cases of surgical complications, a possible
dislocation of the implanted screw or an injury of the dura
must be visible. Also, evaluation of the internal auditory
canal and brainstem has to remain possible after the
implantation to exclude recurrent neuroma.

Our results demonstrate that multislice CT scans
show only small artifacts but are not useful for differen-
tiating the screw position. The depth of the screw within
the bone could not be measured accurately. The artifacts
in MRI resemble oblong “black holes” that blot out the
underlying image and sometimes distort nearby struc-
tures.7 The distortion of the image is related to the degree
of deflection of the object in a magnetic field caused by its
ferromagnetism.8 In our study, the screw produced a
“black hole” type artifact even larger than the actual drill
hole or screw. In addition, the artifacts included the im-
aging of the dura, so any injury to the dura could not be
evaluated sufficiently. We performed the CT and MRI
with 1 mm slice thickness and the RT with 0.5 mm slice
thickness. According to our results, this difference of 0.5
mm has no influence. It might be possible to reconstruct

the CT and MRI scans at 0.5 mm, but the results would be
the same.

For definite interpretation of screw position in the
temporal bone, only RT appears to be a suitable imaging
tool, it being minimally impaired by metallic artifacts.
This new imaging technique offers the same fast perfor-
mance as CT scans. RT also results in lower radiation
exposure, between a third and half the dose needed for
CT.9 Furthermore, RT allows an excellent isovolumetric
resolution in three dimensions, which, at the present time,
cannot be realized by CT scans.

In MRI as well as CT, there was no effect by the
implanted screw on the evaluation of the internal auditory
canal and the brainstem. With RT, the internal auditory
canal can be evaluated, whereas an evaluation of the
brainstem is not possible because of RT’s lack of contrast
resolution.

In comparing the three methods, RT appears to offer
new possibilities for postoperative evaluation after BAHA
surgery. Our study results can be summarized as follows:

First, in clinical cases of insufficient implant place-
ment with subsequent implant loosening or even injury to
the dura or sigmoidal sinus, RT enables the otosurgeon to
determine whether a displacement of the implant has
occurred, providing him or her with immediate feedback
about surgical procedures. At this time, there is clinical
evidence of RT feasibility in cochlear implant patients.5

Second, there are no restrictions of CT or MRI in
terms of the image quality of the internal auditory canal
and the brainstem, which is useful to exclude recurrent
acoustic neuroma, but these techniques do not allow pre-
cise evaluation of the BAHA screws. Further examina-
tions on the safety of MRI, especially as concerns temper-
ature, are essential.

Fig. 3. Rotational tomography shows accurate position of the implanted screw and distance to dura. (A and B) sagittal.

Fig. 4. Angle between screw and skull surface is clearly visible in rotational tomography imaging. (A) axial; (B) sagittal.
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Fig. 5. “Black hole” type artifact in magnetic resonance imaging including the dura (left, axial; right, coronal).
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