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D  ABSTRACT

PURPOSE: To evaluate multi— and single—detector row computed tomographic (CT) depiction of
anatomic landmarks of temporal bone.

MATERIALS AND METHODS: Institutional review board approval and written informed
consent were obtained. In 50 temporal bones, transverse and coronal single—detector row CT images
were compared with transverse and reformatted coronal multi—detector row CT images obtained of
additional 50 temporal bones. Two radiologists evaluated images. Visibility of 50 landmarks was
scored with a five-point quality rating scale. Fisher exact test, xstatistics, and Mann-Whitney U test
were used to evaluate imaging technique and landmark visibility.

RESULTS: In delineating landmarks, total interobserver agreement was higher (P <.001) for
transverse multi— than for single—detector row CT images. In 60% of landmarks, interobserver
agreement was higher (P <.001) for transverse multi—than for single—detector row CT images. In
20% of landmarks, there was no difference, and in another 20% of landmarks, interobserver
agreement was higher (P <.01) for single—detector row CT. Total interobserver agreement was
higher (P < .01) for coronal multi—detector row reformations than for coronal single—detector row
images. In 58% of landmarks, interobserver agreement was higher (P <.001) for coronal multi—
detector row reformations than for coronal single—detector row images, while there was no
difference in 8%. In 34% of landmarks, interobserver agreement was higher (P <.001) for coronal
single—detector row images. Frequency of detected landmarks was higher for transverse (82%) and
coronal (88%) multi—detector row images than for corresponding single—detector row images. In
72% of landmarks, transverse multi—detector row images were (P <.05) superior to corresponding
transverse single—detector row images in landmark delineation. In 56% of landmarks, reformatted
coronal multi—detector row images were (P < .05) superior to coronal single—detector row images in
landmark delineation.



CONCLUSION: Multi—detector row CT images, including reformations, better delineate temporal
bone anatomy than do single—detector row CT images.
© RSNA, 2005
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p»  INTRODUCTION

Computed tomography (CT) of the temporal bone with high spatial resolution is an established
standard examination technique (1). Normal anatomy of the osseous structures of the middle ear, as
well as normal anatomy and anatomic variations of the ossicular ligaments, has been studied with
CT (2-5). CT has also been used to examine inner ear anatomy (6,7). The morphology of the
posterior ampullary nerve and the accessory nerve of the posterior ampullary nerve has been
described in anatomic studies (8—10), but so far, high-spatial-resolution CT and magnetic resonance
imaging have not been able to delineate the bony canals of these structures or the nerves themselves.
It is of great clinical interest to evaluate the anatomy of these structures, especially since there is no
proved explanation for the heterogenity of the clinical findings in patients with vestibular neuritis
(11). For example, a double innervation of the ampulla of the posterior semicircular canal may be
the reason for the preservation of the functional ability of the posterior semicircular canal, while the
function of the superior and horizontal semicircular canals, as well as the functional ability of the
vestibule, is lost.

A recent major advance in CT technology, the introduction of multi—detector row helical CT, may
provide a way to view these temporal bone structures. This new type of CT has a submillimeter
spatial resolution, which is especially important in the z-axis. Besides providing additional
information compared with single—detector row CT, multi—detector row CT may also improve the
visibility of thin structures, such as the stapedial crura or the ossicular ligaments. Moreover, multi—
detector row CT may also be beneficial in eliminating double examinations when transverse and
coronal projections are necessary to assign a diagnosis, such as in patients with middle or inner ear
tumors or inflammation and labyrinth fistulas. This is also extremely important to immobilized
patients with head trauma or severe polytrauma, where coronal CT is not possible. Thus, it is
clinically important to determine the value of reformatted coronal images from multi—detector row
CT. The purpose of this study was to evaluate the depiction of anatomic landmarks of the temporal
bone by using multi—and single—detector row CT.

} MATERIALS AND METHODS
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trauma, tumor, or inflammation leading to destruction of the
skull base, or patients with electric devices at the skull base,
such as cochlea implants, were excluded from the study. The study was approved by the
institutional review board, and written informed patient consent was obtained.
Patients underwent either single— or multi—detector row CT. The first 50 consecutive patients who
met the inclusion criteria (36 men and 14 women; mean age, 49.1 years = 17.3) underwent single—
detector row CT (Somatom Plus 4; Siemens Medical Systems, Erlangen, Germany). Scans were
acquired in the helical mode, and transverse and coronal images were obtained. Scanning
parameters were 120 kV, 180 mAs, 1-second rotation time, 1-mm section thickness, 1-mm
collimation, 0.5 reconstruction increment, 1-mm table feed per rotation, 512 x 512 matrix, and 9-cm
field of view.
The second group of 50 consecutive patients who met the inclusion cirteria (32 men and 18 women;
mean age, 36.5 years +24.3) was examined with multi—detector row CT (Somatom Plus 4 Volume
Zoom; Siemens Medical Systems). Transverse scans were acquired in the helical mode with 120
kV, 180 mAs, 1-second rotation time, 0.5-mm section thickness, 0.5-mm collimation with two
detector rows, 0.2 reconstruction increment, 1-mm table feed and rotation, 512 x 512 matrix, and 9-
cm field of view. Coronal reformatted multiplanar images were generated on the basis of the
transverse images with 1-mm section thickness and an overlap of 0.5 mm.
Transverse scans were acquired parallel to the hard palate and inferior to the orbit (1). Therefore,
the cornea was not in the primary x-ray beam of the CT scanner. The coronal scans were acquired
perpendicular to the transverse images. The multiplanar coronal images were also reformatted
perpendicular to the transverse images. All images were displayed at a window center of 800 HU
and a window width of 4000 HU.
Image Evaluation
Temporal bones with any evidence of severe abnormalities were excluded from analysis of normal
anatomy, but in these cases, the contralateral temporal bones were included for evaluation. Only one
temporal bone in each patient was evaluated. For each imaging modality (single— or multi—detector
row CT), 25 left and 25 right temporal bones were examined somewhat randomly by using a table of
random numbers for patients without abnormalities.
Two radiologists prospectively evaluated the images. One specialized in head and neck radiology
(L.J., observer one) and the other did not (H.B., observer two). To familiarize the two observers
with the anatomic structures and the image evaluation procedure, training was performed with five
examples, which were not included in the study. Evaluations were performed independently. The
visibility of 50 anatomic landmarks was scored by using the following five-point quality rating: 1 =
definitely not present, 2 = probably not present, 3 = uncertain, 4 = probably present,and 5 =
definitely present.
Statistical Analysis
The Fisher exact test was used to determine the independence of observations within each imaging
modality, between the imaging modalities, and between the two readers for all anatomic landmarks.
P values less than .05 were regarded as indicating a statistically significant difference, signifying
that the results of image evaluation were not independent from the observer and from the categories.
By chance alone, two readers will agree from time to time, even if they both assign ratings
randomly. «statistics were calculated to determine how well the two readers agreed on each image.
A wvalue of 0.41 to 0.60 was regarded as good agreement, 0.61 to 0.80 indicated extremely good




agreement, and 0.81 to 1.00 indicated nearly complete agreement. The study involved differences in
agreement of at least 0.56 for two-tailed and 0.50 for one-tailed statistic testing with 80% power
and a 5% level of significance. The standard error of agreement according to xvalues varied between
0.06 and 0.075 with a mean xvalue of 0.85.

The frequency with which an anatomic landmark was identified was calculated for each observer,
with an anatomic landmark considered to be present if it was scored with a 4 or 5 according to the
quality rating scale. The observations within each imaging modality and between the imaging
modalities and the two observers were independent for all anatomic landmarks according to the
Fisher exact test, and the distribution of the unpaired data (single— and multi—detector row CT were
performed in different patients) within a category (anatomic landmark) was continuous (one to five).
Therefore, the Mann-Whitney U test was applied to compare all 1-5 ratings in the 50 subjects in the
multi—detector row CT group with the ratings in the 50 subjects in the single—detector row CT group
for each anatomic landmark and for each reader separately. To do this, a xvalue for each rating of 1—
5 was calculated. Then, the differences between xvalues of multi— and single—detector row images
for each anatomic landmark and for each reader were compared by using the Mann-Whitney U test.
The level of significance was P <.05. All statistical tests were performed with Statistical Analysis
Software version 8 (SAS Institute, Cary, NC).
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The xvalues for visibility of anatomic landmarks revealed high interobserver agreement,
independent of the imaging modality (multi— or single—detector row CT) or the image orientation
(transverse or coronal) (Table 1). However, total interobserver agreement was significantly higher
(P <.001) for multi—detector row images than for single—detector row images. In 60% (30 of 50) of
the anatomic landmarks, interobserver agreement was significantly higher (P <.001) with the
transverse multi—detector row images than with the single—detector row images (Table 1). In 20%
(10 of 50) of the anatomic landmarks, there was no significant difference between the two imaging
modalities, while 20% (10 of 50) of the anatomic landmarks showed significantly higher (P <.01)
interobserver agreement for the transverse single—detector row CT images than for the transverse
multi—detector row CT images.

View this table: TABLE 1. «Values for the Two Observers Who Evaluated CT Images
[in this window]
[in a new window]

As for coronal single—detector row images and reformatted coronal multi—detector row images, the
total agreement between both observers in the detection of anatomic landmarks was significantly
higher (P <.01) for reformatted coronal multi—detector row CT images than for coronal single—



detectorrow CT images. In 58% (29 of 50) of the anatomic landmarks, interobserver agreement was
significantly (P <.001) higher for the reformatted coronal multi—detector row images than for the
coronal single—detector row images, while there was no difference in 8% (four of 50) and in 34%
(17 of 50) of the anatomic landmarks.

Interobserver agreement was significantly higher (P <.001) for coronal single—detector row images
(Table 1). In particular, agreement in the delineation of the facial nerve (fallopian) canal, the canal
of the cochlear and saccular nerve, the superior portion of the vestibular nerve, and the ossicular
chain was higher for the transverse and reformatted coronal multi—detector row CT images than for
the corresponding single—detector row CT images (Figs 1-6). An equivalent result was found for the
tympanic tegmen (Fig 3) and the round window (Fig 5) on the coronal multi—detector row images
and for the osseous spiral lamina (Fig 7) on the transverse multi—detector row images. In contrast to
these findings, interobserver agreement was higher for the transverse single—detector row CT
images for the canal of the posterior ampullary nerve and the canal of the accessory nerve of the
posterior ampullary nerve, the round window, and the cochlear aqueduct. Interobserver agreement in
the delineation of anatomic landmarks was higher for coronal single—detector row images than for
reformatted multi—detector row CT images with regard to the canal of the posterior ampullary nerve
and the canal of the accessory nerve of the posterior ampullary nerve, the anterior crus of the stapes,
the osseous spiral lamina, the cochlear aqueduct, and the lateral malleal ligament.

Figure 1. Transverse multi-detector row CT scan of a normal
left temporal bone. Tympanic membrane (1) runs laterally to
the chorda tympani (2). Anterior (3) and posterior (4) crura of
the stapes are shown. Canal of the accessory nerve of the
posterior ampullary nerve (5) emerges from the posterior wall
of the internal auditory canal laterally and leads to the canal
of the posterior ampullary nerve (6). Within a distance of

&N approximately 7 mm, both canals merge to one canal (7)

View larger version (132K): leading directly to the posterior ampulla.
[in this window]

[in a new window]

Figure 2. Transverse multi-detector row CT scan of a normal
left temporal bone. A normal incudomallear articulation (1) is
shown. Canal of the lateral ampullary nerve (2) runs from the
W canal of the superior division of the vestibular nerve (3) to

\¥ the lateral ampulla (4).

View larger version (128K):
[in this window]

[in a new window]




Figure 3. Coronal images reformatted from transverse multi-
detector row CT images of a normal left temporal bone.
Incudostapedial articulation (1) is shown. Tegmen tympani
(2) can be delineated.

View larger version (94K):
[in this window]

[in a new window]

Figure 4. Transverse multi-detector row CT scan of a normal
left temporal bone. A normal incudomallear articulation (1) is
shown. The saccular nerve, a branch of the inferior division
of the vestibular nerve runs in its own canal (2) from the
fundus of the internal auditory canal to the vestibule. The
canal of the accessory nerve of the posterior ampullary nerve
1 (3) and canal of the posterior ampullary nerve (4) emerge
from the posterior wall of the internal auditory canal. Both
run separately to the posterior ampulla (5).

]
View larger version (130K):

[in this window]
[in a new window]

| Figure 5. Coronal images reformatted from transverse multi-
detector row CT images of a left temporal bone with
dehiscence of the facial nerve canal. Tympanic membrane (1)
is located between the tympanic cavity and the external
auditory canal. Superior malleal ligament (2) runs from the
malleleus head to the tegmen tympani. Oval window (3) is

¢ - located cranially to the round window (4). A lack of complete
View larger version (117K):  cortical canal (dehiscence) of the S2 segment of the facial

[@n this window] nerve canal (5) is detected near the oval window.
[in a new window]
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Figure 6. Transverse multi-detector row CT scan of a normal
left temporal bone. The anterior malleal ligament (1) and the
posterior incudal ligament (2) are shown, as well as the
tensor tympani muscle (3), the S2 segment of the facial nerve
(4), and the cochleariform process (5).

View larger version (177f<):
[in this window]
[in a new window]

*8 Figure 7. Transverse multi-detector row CT scan of a normal
§ right temporal bone. Tympanic membrane (1) shows a

% funnel-shaped appearance. Osseous spiral lamina of the

cochlea (2) runs within the cochlea as a hyperdense structure.

View larger version (157K):
[in this window]
[in a new window]

On the basis of the quality rankings for indication of detected anatomic landmarks (rankings of 4 or
5), the frequency of detected anatomic landmarks was higher for transverse multi—detector row
images (for both observers, 82%, 41 of 50; and observer 2, 84%, 42 of 50) and coronal multi—
detector row CT images (observer 1, 88%, 44 of 50; and observer 2, 90%, 45 of 50) than for single—
detector row images (Table 2). This was particularly true for the ligaments of the ossicles (Figs 5, 6,
8, 9), the facial nerve canal (Figs 5, 6, 10), the canal of the posterior ampullary nerve (Figs 1, 4), the
canal of the accessory nerve of the posterior ampullary nerve (Figs 1, 3), the stapes (Fig 1), the
round window (Fig 5), and the cochlear and vestibular aqueduct.

View this TABLE 2. Frequency of Detected Anatomic Landmarks on Transverse and
table: Coronal CT Images according to Absolute Observer Decision

[in this

window]

[in a new

window]



Figure 8. Transverse multi-detector row CT scan of a normal
right temporal bone. Anterior malleal ligament (arrow) is
shown.

|
View larger version (181K):
[in this window]
[in a new window]

Figure 9. Coronal images reformatted from transverse multi-
detector row CT images of a normal right temporal bone.
Lateral malleal ligament (1) is shown, as well as tensor
tympani tendon (2).

View larger version (110K):
[in this window]

[in a new window]

Figure 10. Transverse multi-detector row CT scan of a left
temporal bone with variation of the facial nerve canal. Canal
of the greater superficial petrosal nerve (1) emerges in the
proximal S1 segment of the facial nerve canal (2).

View larger version (14K):
[in this window]
[in a new window]

The canal of the accessory nerve of the posterior ampullary nerve was identified on the transverse
multi—detector row CT images in nine cases, regardless of the observer. In all nine cases, the canal
of the accessory nerve of the posterior ampullary nerve emerged from the posterior wall of the
internal auditory canal approximately 2 mm medially or laterally to the canal of the posterior



ampullary nerve. In two of these cases, the canal of the accessory nerve of the posterior ampullary
nerve was delineated from the posterior wall of the internal auditory canal to the posterior ampulla
(Fig 4). In the remaining seven cases, the canal of the accessory nerve of the posterior ampullary
nerve joined the canal of the posterior ampullary nerve within the first 8§ mm after emerging from
the posterior wall of the internal auditory canal (Fig 1).

In one of 50 subjects, both observers could identify the canal of the accessory nerve of the posterior
ampullary nerve on transverse single—detector row CT images; however, on the five-point quality
rating scale, it was judged with a rating of 4. On coronal single—detector row images, the accessory
nerve of the posterior ampullary nerve was not detected in any subjects. In one subject, the canal of
the greater superficial petrosal nerve ran separately and anteriorly to the labyrinthine segment (S1)
of the facial nerve canal (Fig 10), and in another subject, a doubling of the S2 segment of the facial
nerve canal was found. In the first subject, no other malformation of the temporal bone was seen; in
the second subject, however, an enlarged vestibular aqueduct and an enlarged endolymphatic sac
were detected.

A dehiscence of the superior semicircular canal (Fig 11) was found in five of 50 patients (10%) with
multi—detector row CT but was seen in only one of 50 patients (2%) with single—detector row CT
(Table 2). Dehiscence of the S2 segment of the facial nerve canal was detected in 30 (60%) patients
on coronal multi—detector row images but was seen in only 11 (22%) patients on coronal single—
detector row CT images (Table 3).

Figure 11a. (a) Coronal image reformatted from transverse

multi-detector row CT images of a left temporal bone shows

a dehiscence of the superior semicircular canal (arrow). (b)

Coronal image parallel to the axis of the superior

8 semicircular canal reformatted from transverse multi-detector
| TOW CT images, as in a. A dehiscence of the superior

semicircular canal (arrow) is detected.

View Iager version (131K):
[in this window]
[in a new window]

Figure 11b. (a) Coronal image reformatted from transverse
multi-detector row CT images of a left temporal bone shows
a dehiscence of the superior semicircular canal (arrow). (b)
Coronal image parallel to the axis of the superior

{; : semicircular canal reformatted from transverse multi-detector
- L g ‘-’ row CT images, as in a. A dehiscence of the superior
View larger version (106K): semicircular canal (arrow) is detected.
[in this window]
[in a new window]

View this TABLE 3. Comparison of Visibility of Anatomic Landmarks between



table: Single- and Multi-Detector Row CT
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On the basis of the anatomic quality rating scale, the comparison of transverse single—detector row
CT images with transverse multi—detector row CT images was performed for each anatomic
landmark separately. By using a P < .05 level of significance, 33 of 50 anatomic landmarks (66%)
were delineated as significantly superior on multi—detector row CT images, and in 17 of 50
anatomic landmarks (34%), there was no significant difference (Table 3) between multi— and
single—detector row images. Comparison of the detection of anatomic landmarks showed that in 27
of 50 patients (54%), the reformatted coronal multi—detector row CT images were significantly (P <
.05) superior to the coronal single—detector row CT images. For the remaining 23 (46%) anatomic
landmarks, there was no significant difference between the coronal single—detector row CT images
and the reformatted coronal multi—detector row CT images.
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Single—detector row CT with high spatial resolution is a well-established imaging technique for
examination of temporal bone abnormalities. To get diagnostic-quality images in two different
planes with single—detector row CT, however, a second coronal acquisition must be performed in
addition to the transverse acquisition, which is highly dependent on the patient’s mobility. The
development of multi—detector row CT offers the potential to overcome this obstacle because
reformatted coronal images have sufficient quality. The high image quality is a result of the thinner
section thickness (0.5 mm instead of 1 mm in single—detector row CT) and the smaller
reconstruction increment. The aim of this study was to evaluate image quality with respect to the
detection of subtle anatomic landmarks on transverse images by using single—and multi—detector
row CT techniques and to compare the visibility of anatomic landmarks on coronal single—detector
row CT images with reformatted coronal multi—detector row CT images.

Our results show that there is high interobserver agreement between transverse single— and multi—
detector row CT images. However, agreement between both observers was higher for the transverse
multi—detector row CT images than for the transverse single—detector row CT images. A similar
result was obtained for reformatted coronal multi—detector row images and for coronal single—
detector row images, but again, interobserver agreement was higher for multi—detector row CT.

For multi—detector row CT, low xvalues were observed only with anatomic landmarks that were
seen in only a few patients within a single rating group, such as the stapedius tendon, the canal of
the posterior ampullary nerve, or the canal of the accessory nerve of the posterior ampullary nerve.
These findings suggest that detection of temporal bone anatomy is less dependent on the experience



of the radiologist with multi—detector row CT than with single—detector row CT. Given the fact that
anatomic orientation and identification are the bases for locating abnormalities, diagnosis of
temporal bone abnormalities is better achieved with multi—detector row CT.

There are many requirements for imaging techniques in the diagnosis of even small pathologic
changes that cause conductive or sensorineural hearing loss or vertigo. For this reason, it is of
interest to know whether additional information is gained with acquisition of transverse multi—
detector row CT images with high spatial resolution in comparison to an equivalent single—detector
row CT protocol. It is also important to know whether reformatted coronal multi—detector row CT
images are as good as conventional coronal single—detector row CT images in the detection of
middle- and inner-ear anatomy. Our study showed that more anatomic landmarks were detected on
the transverse and reformatted coronal multi—detector row CT images than on the transverse and
coronal single—detector row CT images.

The delineation of the ossicular ligaments was particularly better on the transverse and coronal
multi—detector row images than on single—detector row images. The low visibility rate of the
ossicular ligaments associated with our single—detector row technique in comparison to a previous
report (3) may be explained by the relatively short rotation time used in our study, which was
approximately 40% shorter than the rotation time reported in a previous study (3). When using
multi—detector row CT with a short scanner rotation time, however, the visibility of the ossicular
ligaments was even higher than that found by others when using a single—detector row CT technique
with a relatively long rotation time of 2 seconds (3).

The tegmen tympani, a thin bony boundary between the tympanic cavity and the middle cranial
fossa, is commonly involved when cholesteatomas, tumors, or fractures are present and shows
dehiscence in 20% of these cases. For these reasons, it is crucial to be able to delineate this
approximately 1-mm-thick bony structure (12). As our results have shown, the reformatted coronal
multi—detector row CT images were slightly superior to the coronal single—detector row CT images
in the delineation of this subtle anatomic landmark. However, the difference was not significant.
In the temporal bone, the facial nerve canal is divided into three segments after emerging from the
internal auditory canal (13): the labyrinthine segment (S1), the tympanic segment (S2), and the
mastoid segment (S3). The course of the facial nerve through the temporal bone is frequently
anomalous (12,14,15). The absence of a complete cortical canal around the nerve, also known as
facial nerve canal dehiscence, is typically located around the oval window in the middle two-thirds
of the tympanic segment (4,15—17). The incidence of facial nerve canal dehiscence varies between
25% and 74% (4,15—17). Since the facial nerve is accessed easily for mesotympanic abnormalities,
such as cholesteatoma, tumor, or inflammation, precise delineation of the facial nerve canal is
mandatory before ear surgery to reduce the risk of iatrogenic facial nerve lesions. To meet these
clinical requirements, high imaging standards are needed, which are fulfilled to a higher degree by
the transverse and reformatted coronal multi—detector row CT images than by the single—detector
row CT images. The rate of facial nerve canal dehiscence detection was approximately 60% with
multi—detector row CT, within the range of published anatomic studies (4,15-17).

Superior semicircular canal dehiscence may cause severe clinical problems for affected patients,
such as rotatory and vestibular vertigo as a result of coughing, straining, or loud noise (18).
Plugging or covering the affected superior semicircular canal is a surgical therapy option. Therefore,
CT images with high spatial resolution, not only in the x- and y-axes but also in the z-axis, are
needed to detect this small dehiscence and thinning of the bony covering of the superior
semicircular canal to the middle cranial fossa. A histopathologic study of 1000 temporal bones
yielded a frequency of 0.5% of dehiscence and a frequency of 1.4% of severe bone thinning (bone
thickness of only 0.1 mm or less) of the superior semicircular canal (18). In contrast to these
findings, in our study, a dehiscence of the superior semicircular canal was found on the coronal
single—detector row CT images in one patient (2%) and on the reformatted coronal multi—detector
row CT images in five patients (10%). It should be kept in mind, however, that because the total
number of examined temporal bones in the current study was rather small compared with that in



published histopathologic studies, our percentages are somewhat inflated when considering the raw
numbers.

Small ossifications of the basal turn of the cochlea, which may be found after labyrinthitis or in
cases of otosclerosis, cause a bony obliteration of the lumen. It is important to detect these bony
changes before cochlear implant surgery to circumvent these problems. To examine the detectability
of such small cochlear ossifications in normal ears, we have chosen the osseous spiral lamina, which
has a thickness of approximately 1 mm close to the modiolus (19), as an anatomic landmark to be
identified with single— and multi—detector row CT.

By using multi—detector row CT, both transverse and reformatted coronal images were significantly
superior to the transverse and coronal single—detector row CT images in the delineation of the
osseous spiral lamina. This finding supports the use of multi—detector row CT images, even if they
are reformatted, to detect small ossifications of the cochlea.

The vestibular nerve is divided into a superior and an inferior division. The superior division
innervates with afferent fibers, the crista of the anterior and lateral ampullae, and the utricle and
small portion of the macula sacculi (8,11). The inferior division is divided into the saccular nerve,
supplying the main portion of the macula sacculi, and the posterior ampullary nerve (singular nerve)
(9,11,20), innervating the posterior ampulla (8,9,11,20).

Imaging of the bony canals of the superior and inferior division of the vestibular nerve is possible
with single—detector row CT with high spatial resolution. On single—detector row CT images, the
canal of the saccular nerve is detected as a lucency originating at the fundus of the internal auditory
canal and running to the vestibule (8,11). However, the canal of the posterior ampullary nerve and
the canal of the accessory nerve of the posterior ampullary nerve have not yet been imaged with
single—detector row CT reliably, to our knowledge. Both nerves are separated from the inferior
division of the vestibular nerve in the fundus of the internal auditory canal and course from the
posterior wall of the internal auditory canal to the posterior ampulla (8). Anatomic studies have
yielded diverging results.

The incidence of a canal of the accessory nerve of the posterior ampullary nerve varies between
5.6% and 100% (8—10). Because these data vary tremendously, we used this very subtle anatomic
landmark to test the spatial resolution of single— and multi—detector row CT images. The transverse
and reformatted coronal multi—detector row CT images were significantly superior in the delineation
of the canal of the posterior ampullary nerve. Because the total number of imaged canals of the
accessory nerve of the posterior ampullary nerve was small, however, the difference between multi—
and single—detector row CT was not significant. Nevertheless, in 18% of the temporal bones
examined with multi—detector row CT, a canal for the accessory nerve of the posterior ampullary
nerve was found, which may explain the preservation of the functional ability of the posterior
semicircular canal in some patients with vestibular neuritis, while the function of the superior and
horizontal semicircular canal, as well as the functional ability of the vestibule, is lost.

To conclude, the superior performance of multi—detector row CT in the delineation of anatomic
landmarks on conventional and reformatted images, the smaller dependency on the observer skills in
image evaluation, and the higher certainty in the delineation of anatomic landmarks in comparison
to single—detector row CT supports the use of multi—detector row CT in the diagnosis of temporal
bone abnormalities.

} ACKNOWLEDGMENTS

We thank Laurie Gauger, PhD, for reading the manuscript.

)  FOOTNOTES



Authors stated no financial relationship to disclose.

Author contributions: Guarantors of integrity of entire study, L.J., S.S., M.R.; study concepts, V.A.,
L.J., H.B., S.S.,; study design, L.J., H.B., S.S.; literature research, V.A., M.L.; clinical and
experimental studies, M.L., M.H.; data acquisition, M.L., M.H.; data analysis/interpretation, L.J.,
H.B., S.S.; statistical analysis, S.S.; manuscript preparation, L.J., S.S., M.R.; manuscript definition
of intellectual content, V.A., L.J., S.S.; manuscript editing and revision/review, L.J., S.S.;
manuscript final version approval, L.J.

10.

11.

~TOP
aABSTRACT
«INTRODUCTION
~MATERIALS AND METHODS
2RESULTS

~DISCUSSION

- REFERENCES

REFERENCES

. Torizuka T, Hayakawa K, Satoh Y, et al. High-resolution CT of the temporal bone: a

modified baseline. Radiology 1992; 184:109-111.[Abstract]
Lemmerling MM, Stambuk HE, Mancuso AA, Antonelli PJ, Kubilis PS. Normal and

opacified middle ears: CT appearance of the stapes and incudostapedial joint. Radiology
1997; 203:251-256.[ Abstract

. Lemmerling MM, Stambuk HE, Mancuso AA, Antonelli PJ, Kubilis PS. CT of the normal

suspensory ligaments of the ossicles in the middle ear. AJNR Am J Neuroradiol 1997;
18:471-477 [ Abstract]

Fuse T, Tada Y, Aoyagi M, Sugai Y. CT detection of facial canal dehiscence and
semicircular canal fistula: comparison with surgical findings. J Comput Assist Tomogr
1996; 20:221-224.[CrossRef][Medline]

. Mayer TE, Brueckmann H, Siegert R, Witt A, Weerda H. High-resolution CT of the

temporal bone in dysplasia of the auricle and external auditory canal. AJNR Am J
Neuroradiol 1997; 18:53-65.[ Abstract

Caldemeyer KS, Sandrasegaran K, Shinaver CN, Mathews VP, Smith RR, Kopecky KK.
Temporal bone: comparison of isotropic helical CT and conventional direct transverse and
coronal CT. AJR Am J Roentgenol 1999; 172:1675-1682.[ Abstract/Free Full Text]

. Westerhof JP, Rademaker J, Weber BP, Becker H. Congenital malformations of the inner

ear and the vestibulocochlear nerve in children with sensorineural hearing loss: evaluation
with CT and MRI. J Comput Assist Tomogr 2001; 25:719-726.[CrossRef][Medline]
Bergstrom B. Morphology of the vestibular nerve. Acta Otolaryngol 1973; 76:162-
172.[Medline]

Okano Y, Sando I, Myers EN. Branch of the singular nerve (posterior ampullary nerve) in
the otic capsule. Ann Otol Rhinol Laryngol 1980; 89:13-19.[Medline]

Montandon P, Gacek RR, Kimura RS. Crista neglecta in the cat and human. Ann Otol
Rhinol Laryngol 1970; 79:105-112.[Medline

Arbusow V, Schulz P, Strupp M, et al. Distribution of herpes simplex virus type 1 in human
geniculate and vestibular ganglia: implications for vestibular neuritis. Ann Neurol 1999;
46:416-419.[CrossRef][Medline]




12. Lang J. Clinical anatomy of the head: neurocranium-orbit-craniocervical regions Berlin,
Germany: Springer, 1983.

13. Jager L, Reiser M. CT and MR imaging of the normal and pathologic conditions of the
facial nerve. Eur J Radiol 2001; 40:133-146.[CrossRef][Medline]

14. Helms J. Variations of the course of the facial nerve in the middle ear and mastoid. In: Samii
M, Jannetta PJ, eds. The cranial nerves. Berlin, Germany: Springer, 1981; 391-393.

15. Dimopoulos PA, Muren C, Smedby O, Wadin K. Anatomical variations of the tympanic and
mastoid portions of the facial nerve canal: a radioanatomical investigation. Acta Radiol
Suppl 1996; 403:49-59.[Medline]

16. Beddard D, Saunders WH. Congenital defects in the fallopian canal. Laryngoscope 1962;
72:112-115.[Medline

17. Baxter A. Dehiscence of the fallopian canal. J Laryngol Otol 1971; 85:587-594.[Medline]

18. Minor LB, Solomon D, Zinreich JS, Zee DS. Sound- and/or pressure-induced vertigo due to
bone dehiscence of the superior semicircular canal. Arch Otolaryngol Head Neck Surg
1998; 124:249-258.[Abstract/Free Full Text]

19. Fatterpekar GM, Mukherji SK, Lin Y, Alley JG, Stone JA, Castillo M. Normal canals at the
fundus of the internal auditory canal: CT evaluation. J] Comput Assist Tomogr 1999;
23:776-780.[CrossRef][Medline]

20. Leuwer RM, Westhofen M. Surgical anatomy of the singular nerve. Acta Otolaryngol 1996;
116:576-580.[Medline

This article has been C|ted by other articles:

J FHOME
K Hashlmoto S Kawashlma S Kameoka, Y Akiyama, T Honjoya, K Ejima,
and K Sawada

Comparison of image validity between cone beam computed tomography
for dental use and multidetector row helical computed tomography
Dentomaxillofac. Radiol., December 1, 2007; 36(8): 465 - 471.

[Abstract] [Full Text] [PDF]

4 FHNMF
S. Barthng, 0 Majdam R Gupta, T Rodt, C Dullin, P. Fitzgerald, and H
Becker
Large scan field, high spatial resolution flat-panel detector based
volumetric CT of the whole human skull base and for maxillofacial
imaging
Dentomaxillofac. Radiol., September 1, 2007; 36(6): 317 - 327.
[Abstract] [Full Text] [PDF]

elLetters:

Read all eLetters

CT of the Normal Temporal Bone
Monique Elmaleh-Berges

Radiology Online, 29 Aug 2005 [Full text]



» Abstract rree

» Figures Only

» Submit a response

» View responses

» Alert me when this article is cited
» Alert me when el etters are posted
» Alert me if a correction is posted

¢ Citation Map

» Email this article to a friend

y Similar articles in this journal

» Similar articles in PubMed

y Alert me to new issues of the journal
» Download to citation manager

9 © Get Permissions

» Citing Articles via HighWire
» Citing Articles via Google Scholar

y Articles by Jager, L.
» Articles by Reiser, M.
y Search for Related Content

» PubMed Citation
y Articles by Jager, L.
y Articles by Reiser, M.

HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH
RADIOLOGY RADIOGRAPHICS RSNA JOURNALS ONLINE |




Literaturverzeichnis

ALBREKTSSON, T., BRANEMARK P.I., HANSSON, H.-A., LINDSTROM, J.: Osseointegrated
titanium implants. Requirements for ensuring a long-lasting, direct bone-to-implant anchorage in
man. Acta. orthop. scand. 52, 155 - 170 (1981)

ALEXANDRIDIS, E., ARIELY, E., DELUIGI, B., FARR, N., ROESSLER, H.: Augenepithese mit
synchron beweglichem, elektronisch gesteuertem Oberlid nach Exenteratio orbitae. Klin. Monatsbl.
Augenheilkd. 169, 767 — 770 (1976)

ALEXANDRIDIS, E.: Kosmetische Prothetik in der Ophthalmologie. Ther. Umschau 35, 276 — 280
(1978)

ALLEN, P.F., WATSON, G., STASSEN, L., MC MILLAN, A.S.: Peri-implant soft tissue
maintenance in patients with craniofacial implant retained prostheses. Int. J. Oral Maxillofac.
Surg. 29, 99 — 103 (2000)

ANDERSON, R.L., BEARD, C.: The levator aponeurosis. Attachements and their clinical
significance. Arch. Ophthal. 95, 1437 — 1441 (1977)

ARAMIDEH, M., ONGERBOER DE VISSER, B.W., DEVRIESE, P.P., BOUR, L.J.,
SPEELMAN, J.D.: Electromyographic features of levator palpebrae superioris and orbicularis
oculi muscles in blepharospasm. Brain 117, 27 — 38 (1994 a)

ARAMIDEH, M., ONGERBOER DE VISSER, B.W., KOELMAN, J.H.T.M., BOUR, L.J.,
DEVRIESE, P.P., SPEELMAN, J.D.: Clinical and electromyographic features of levator palpebrae
superioris muscle dysfunction in involuntary eyelid closure. Mov. Disord., 9 (4), 395 — 402 (1994 b)
ARAMIDEH, M., ONGERBOER DE VISSER, B.W., KOELMAN, J.H.T.M., SPEELMAN, J.D.:
Motor persistence of orbicularis oculi muscle in eyelid-opening disorders. Neurology 45, 897 — 902
(1995)

ARCURI, M.R., LA VELLE, W.E., FYLER, E., JONS, R.: Prosthetic complications of extraoral
implants. J. Prosthet. Dent. 69, 289 — 292 (1993)

ARMS, S.W., POPE, M.H., JOHNSON, R.J., FISCHER, R.A., ARVIDSSON, I., ERIKSSON, E.:
The biomechanics of anterior cruciate ligament rehabilitation and reconstruction. Am. J. Sports
Med. 12, 8 — 18 (1984)

ASHWORTH, J., BRAMMAR, R., INKSTER, C., LEATHERBARROW, B.: A study of the
hydroxyapatite orbital implant drilling procedure. Eye 12, 37 — 42 (1998)

BEARD, C., QUICKERT, M.H.: Anatomy of the orbit. 2nd ed. Aesculapius, Birmingham, (1977)
BECKER, H., GROSSE-SIESTRUP, C., SCHURIG, R., AFFELD, K., GAHL, G.M.,
KRAUTZBERGER, W.: Die Peritonealdialysekatheter — Eine Ubersicht. Wissenschaftliche
Informationen, Nephrologie. Fresenius - Stiftung 3, 447 — 461 (1983)

BERG, P., BERG, J.: Augenprothese mit Blickbewegungen, Offenlegungsschrift DE 3914102 Al
Deutsches Patentamt (1990)

BEYER-MACHULE, Ch.: Plastic and reconstructive surgery of the eyelids. Thieme-Stratton
Inc.(1983)

BERGEY G.E., SQUIRES R.D., SIPPLE, W.C.: Electrocardiogramm with pasteless electrodes.
IEEE Trans. Biomed. Eng. BME 18,206 — 211 (1971)

BIER, J.: Robotik. Mund Kiefer GesichtsChir. 4 (Suppl. 1), 356 — 368 (2000)

BJORK, A., KUGELBERG, E.: The electrical activity of the muscles of the eyes and eyelids in
various positions and during movement. EEG Clin. Neurophysiol. 5, 595 — 602 (1953)

BORISJUK, A.A., LIPUNOWA, N.W.: Augenprothese 1. Patent USA Nr. 3480971, K1.3 - 13
(1971)

BRANEMARK, P.I., HANSSON, B.O., ADELL, R., BREINE, U., LINDSTROM, J., OHLSSON,
A .: Intra-osseous anchorage of dental prosthesis. I. Experimental studies. Scand. J. Plast.
Reconstr. Surg. 3, 81 — 100 (1969)

[Seite 117]]



BRANEMARK, P.I., HANSSON, B.O., ADELL, R., BREINE, U., LINDSTROM, J., HALLEN,
0., OHMAN, A.: Osseointegrated implants in the treatment of the edentulous jaw. Scand. J. Plast.
Reconstr. Surg. 111 (16), 1 — 132 (1977)

BRANEMARK, P.I., ALBREKTSSON, T.: Titanium implants permanently penetrating human
skin. Scand. J. Plast. Reconstr. Surg. 16, 17 — 21 (1982)

BRANEMARK, P.I.: Osseointegrationsmethode zur Rehabilitation im Mund-, Kiefer- und
Gesichtsbereich. Phillip J. 6, 275 — 279 (1990)

BRMANTI, M., TOZZI, A.: New method for motion measurement and control. J. Biomed. Eng. 12,
451 — 452 (1990)

BRONHEIM, H., STRAIN, J.J., BILLER, H.F.: Psychiatric aspects of head and neck surgery. Part
I1 Body image and psychiatry intervention. Gen. Hosp. Psychiatry 13 (4), 225 — 232 (1991)
BRUNKHORST, R., WRENGER, E., KOCH, K.M.: Klinische Erfahrungen mit der nachtlichen
intermittierenden Peritonealdialyse. Dtsch. Med. Wochenschr. 118 (1 —2), 6 — 12 (1993)
BUCHER, P., LUSCHER, N.J., TROEGER, H., PREIN, J.: Die Materialfrage in der Epithetik -
Haben die harten Kunststoffe eine Existenzberechtigung? In: (Hrsg.) Schwipper, V., Tilkorn, H.:
Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag,
Reinbek, 199 — 206 (1997)

CHEN, L.-H., TSUTSUMI, S., IIZUKA, T.: A CAD/CAM technique for fabrication facial
prostheses: a preliminary report. Int. J. Prosthodont. 10, 467 — 472 (1997)

COCHLEAR Firmenskript: Das Nucleus® Cochlear Implant System (1998)

COLLIN, J.R.O., BEARD, C., WOOD, I.: Experimental and clinical data on the insertion of the
levator palpebrae superioris muscle. Am. J. Ophthalmol. 85, 793 — 801 (1978)

CONROY, B.F.: The history of facial prostheses. Clin. Plast. Surg. 10 (4), 689 — 707 (1983)
COWPER, T.R.: Hydroxyapatite motility implants in ocular prosthetics. J. Prosthet. Dent. 73, 267
— 273 (1995)

DAVIS, B.K., ROUMANAS, E.D., NISHIMURA, R.D.: Prosthetic-surgical collaborations in the
rehabilitation of patients with head and neck defects. Otolaryngol. Clin. North Am. 30 (4), 631 —
645 (1997)

DEL VALLE, V., FAULKNER, G., WOLFAARDT, J., RANGERT, B., TAN, H.-K.: Mechanical
evaluation of craniofacial osseointegation retention systems. Int. J. Oral Maxillofac. Impl. 10, 491
—498 (1995)

DEL VALLE, V., FAULKNER, G., WOLFAARDT, J.: Craniofacial osseointegrated implant-
induced strain distribution. A numerical study. Int. J. Oral Maxillofac. Impl. 12, 200 — 210 (1997)
DOANE, M.G.: Interaction of eyelid and tears in corneal wetting and the dynamics of the normal
human eyeblink. Am. J. Ophthalmol. 89, 507 — 516 (1980 a)

DOANE, M.G.: Dynamics of the human blink. Ber. Dtsch. Ophthalmol. Ges. 77, 13 — 17 (1980 b)
DOBELLE, W.H., QUEST, D.O., ANTUNES, J.L., ROBERTS, T.S., GIRVIN, J.P.: Artificial
vision for the blind by electrical stimulation of the visual cortex. Neurosurgery 5 (4), 521 — 527
(1979)

DOBELLE, W.H.: Artificial vision for the blind: the summit may be closer than you think. ASAIO-
J. 40 (4), 919 — 922 (1994)

DOBELLE, W.H.: US FDA approves marketing of the new ’Mark 1V’ breathing pacemaker in the
United States, The Dobelle Institute, Inc. (1998)

DOBELLE, W.H.: Artificial vision for the blind by connecting a television camera to the visual
cortex. ASAIO-J. 46 (1), 3 — 9 (2000)

DROUIN, D., DRAKE, A.: A two-dimensional fiber optic eye position sensors. Ninth Ann. Conf. of
the Engin. In: Med. and Biol. Society, 1829 — 1830 (1987)

DURACELL.: Guide for Designers. Duracell Europe (1990)

[Seite 118]]

EADIE, A.S.: Improved method of measuring eye movements using limbus reflection. Med. Biol.
Engin. Comput. 33, 107 — 112 (1995)



ECKERT, S.E., DESJARDINGS, R.P., KELLER, E.E., TOLMAN, D.E.: Endosseous implants in
an irradiated bed. J. Prosthet. Dent. 76, 45 — 49 (1996)

EHRENFELD, M.. WEBER, H.: Defektprothetik und Epithetik. In: (Hrsg.) Koeck, B., Wagner, W.:
Implantologie, Bd. 13, Praxis der Heilkunde. Urban und Schwarzenberg, Miinchen, Wien,
Baltimore, 343 — 372 (1996)

EHRING, F., DREPPER, H., SCHWENZER, N.: Die Epithese zur Rehabilitation des
Gesichtsversehrten. Quintessenz Berlin, Chicago, London, Sao Paulo, Tokio (1985)

EVINGER, C., SHAW, M.D., PECK, C.K., MANNING, K.A., BAKER, R.: Blinking and
associated eye movements in human, guinea pigs, and rabbits. J. Neurophysiol. 52, 323 — 339
(1984)

EVINGER, C., MANNING, K.A., SIBONY, P.A.: Eyelid movements. Mechanisms and normal
data. Invest. Ophthalmol. Vis. Sci. 32 (2), 387 — 400 (1991)

FARMAND, M.: Ein neues Implantat-System fiir die Befestigung von Epithesen (Epitec-System).
Dtsch. Z. Mund-Kiefer-Gesichtschir. 15, 421 — 427 (1991)

FARMAND, M.: Epitec-System. A new method for the fixation of facial prosthesis. J. Cranio. Max.
Fac. Surg. 20 (Suppl. 1), 58 (1992)

FARMAND, M., KLAASSEN, P.-P.: Reconstruction of facial defects using osseointegrated
titanium implants. J. Cranio. Max. Fac. Surg. 24 (Suppl. 1), 133 (1996)

FARMAND, M.: Die epithetische Rehabilitation von Patienten mit Gesichtsdefekten mit dem
Epitec-System. Grundlagen, Prinzipien, Resultate. In: (Hrsg.) Schwipper, V., Tilkorn, H.:
Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag,
Reinbek, 78 — 88 (1997)

FAULKNER, G., WOLFAARDT, J., DEL VALLE, V.: Console abutment loading in craniofacial
osseointegration. Int. J. Oral Maxillofac. Impl. 13, 245 — 252 (1998)

FEDERSPIL, P., BULL, H.G., FEDERSPIL, P.A.: Epithetische Wiederherstellung im Gesicht.
Deutsch. Arztebl. 95 (5), 178 — 185 (1998)

GEHL, G.: Die implantatfixierte Vollsilikonepithese. In: KongreRbd. VII. Intern. Symp. f. chir.
Prothetik und Epithetik in Linz/Osterreich 1995. Eigenverlag, Graz (ISBN 3-901539018) 35 — 40
(1996)

GEHRE, G., KLINGHAMMER, H.: Erfolgsbewertung der epithetischen Versorgung an der
Leipziger Universitatsklinik. Dtsch. Zahnarztl. Z. 48, 515 — 516 (1993)

GELZER, A.R., BALL, H.A.: Validation of a telemetry system for measurement of blood pressure,
electrocardiogramm and locomotor activity in beagle dogs. Clin. Exp. Hypertens. 19 (7), 1135 —
1160 (1997)

GIRSCH, W., KOLLER, R., GRUBER, H., HOLLE, J., LIEGL, CH., LOSERT, U., MAYR, W.,
THOMA, H.: Histological assessment of nerve lesions caused by epineural electrode application in
rat sciatic nerve. J. Neurosurg. 74, 636 — 642 (1991)

GIRSCH, W., BIJAK, M., HEGER, G., KOLLER, R., LANMULLER, H., MAYR, W., THOMA,
H., LOSERT, U.: Monitoring of FES-induced muscle activity by continous EMG-recording. Int. J.
Art. Organs 18 (6), 340 — 344 (1995)

GITTO, C.A., PLATA, W.G., SCHAAF, N.G.: Evaluation of the peri-implant epithelial tissue of
implant abutments supporting maxillofacial prostheses. Int. J. Oral Maxillofac. Impl. 9, 197 — 206
(1994)

GORDON, G.: Observations upon the movements of the eyelids. Brit. J. Ophthal. 35, 339 — 351
(1951)

GRANSTROM, G., TJELLSTROM, A., BRANEMARK, P.I, FORNANDER, J.: Hyperbaric
oxygen treatment can increase the osseointegration rate of titanium fixture implants in irradiated
bone. Proc. XVII EUBS, Heraklion, Greece, 415 — 421 (1991)

[Seite 119]]

GRANSTROM, G.: The use of hyperbaric oxygen to prevent implant loss in the irradiated patient.
In: (Eds.) Worthington, P., Branemark, P. I.: Advanced osseointegration surgery: Application in the



maxillofacial region. Quintessenz Pub. Co. Chicago, London, Berlin, Sao Paulo, Tokyo, Moskau,
336 — 345 (1992)

GRANSTROM, G., JACOBSSON, M., TJIELLSTROM, A.: Titanium implants in irradiated tissue:
benefits from hyperbaric oxygen. Int. J. Oral Maxillofac. Impl. 7, 15 — 25 (1992)

GRANSTROM, G., TJELLSTROM, A., BRANEMARK, P.I., FORNANDER, J.: Bone anchored
reconstruction of the irradiated head and neck cancer patient. Otolaryngol. Head Neck Surg. 108,
334 — 343 (1993)

GRANSTROM, G., BERGSTROM, K., TJELLSTROM, A., BRANEMARK, P.I.: A detailed
analysis of titanium implants loss in irradiated tissue. Int. J. Oral Maxillofac. Impl. 9, 653 — 662
(1994)

GRANSTROM, G.: Rehabilitation of irradiated cancer patients with tissue integrated prostheses.
Adjunctive use of HBO to improve osseointegration. J. Fac. Somato. Prosth. 2, 1 — 11 (1996)
GRANSTROM, G., TIELLSTROM, A.: Effects of irradiation on osseointegration before and after
implant placement: a report of three cases. Int. J. Oral Maxillofac. Implants 12, 547 — 551 (1997)
GRANSTROM, G.: Microradiographic study of retrieved craniofacial osseointegrated implants.
ORL J. Otorhinolaryngol Relat. Spec. 62 (1), 26 — 32 (2000)

GU, J., MENG, M., FAULKNER, M.G., COOK, A.: A novel sensing and control system of
artificial eye-implant. Proceedings of the 14th World congress of IFAC, 42 — 46 (1999)

GUELDE, D.J.: Haarwuchs bei Gesichts-Epithesen realistisch imitiert. Dental-Labor 30 (2), 173 —
174 (1982)

HAMIEL, S.R., TUBACH, M.R., BLEICHER, J.N., CRONAN, J.C.: Detemination of palpebral
closure using a Hall sensor magnet pair. Otolaryngol. Head Neck Surg. 110 (2), 174 —176 (1994)
HAMIEL, S.R., TUBACH, M.R., BLEICHER, J.N., CRONAN, J.C.: Evaluation of the Hall-effect
sensor for determination of eyelid closure in vivo. Otolaryngol. Head Neck Surg. 113 (1), 88 —91
(1995)

HATT, M.: Augenérztliche plastische und Wiederherstellungschirurgie. 1. Chirurgische Anatomie
und Physiologie, 1 — 12, Georg Thieme Verlag Stuttgart, New York (1984)

HEISSLER, E., HENZ, J., MENNEKING, H., HELL, B., BIER, J.. CAD/CAM basierte
Epithesenherstellung unter Verwendung von gespiegelten 3D-CT-Daten. In: (Hrsg.) Schwipper, V.,
Tilkorn, H.: Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-
Presse Verlag, Reinbek, 57 — 61 (1997)

HELL, B., MENNEKING, H., HEISSLER, E., BIER, J.: Mikrovaskulare Transplantate in
Kombination mit epithetischer Versorgung. In: (Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in
der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag, Reinbek. 43 — 47
(1997)

HELMS, J., MULLER, I.: Die Auswahl eines Cochlea - Implants und die Ergebnisse der
Implantation. Laryngorhinootologie 78 (1), 12 — 13 (1999)

HOLGERS, K.M., TIELLSTROM, A., BIURSTEN, L.M., ERLANDSSON, B.E.: Soft tissue
reaction around percutaneous implants. A clinical study on skin penetrating titanium implants used
for bone-anchored auricular prostheses. Int. J. Oral Maxillofac. Impl. 2, 35 — 39 (1987)
HOLGERS, K.M., TJIELLSTROM, A., BIURSTEN, L.M., ERLANDSSON, B.E.: Soft tissue
reaction around percutaneous implants. A clinical study of soft tissue conditions around skin-
penetrating implants for bone-anchored hearing aids. J. Otology 9, 56 — 59 (1988)

HOLGERS, K.M., ROUPE, G., TJELLSTROM, A., BJURSTEN, L.M.: Clinical, immunological
and bacteriological evaluation of adverse reactions of skin-penetrating titanium implants in the
head and neck region. Contact. Dermatitis 27, 1 — 7 (1992)

HOLGERS, K.M., THOMSEN, P., TJELLSTROM, A.: Persistent irritation of the soft tissue
around an osseointegrated titanium implant. Case report. Scand. J. Plast. Reconstr. Surg. Hand
Surg. 28 (3), 225 — 230 (1994 a)

[Seite 120/ ]



HOLGERS, K.M., THOMSEN, P., TIELLSTROM, A., ERICSON, L.E., BJURSTEN, L.-M.:
Morphologic evaluation of clinical long-term percutaneous titanium implants. Int. J. Oral
Maxillofac. Impl. 9 (6), 689 — 697 (1994 b)

HOLGERS, K.M., THOMSEN, P., TJELLSTROM, A., BJURSTEN, L.M.: Immunohistochemical
study of the soft tissue around long-term skin-penetrating titanium implants. Biomaterials 16 (8),
611 —-616 (1995 a)

HOLGERS, K.M., THOMSEN, P., TJELLSTROM, A., ERICSON, L.E.: The soft tissue reaction
around clinical long-term percutaneous titanium implants. Transmission electron microscopic
observations. Biomaterials 16 (2), 83 — 90 (1995 b)

HOLLWICH, F.: Augenheilkunde. Thieme Verlag (1979)

HONDA, M., NIIMI, A., UEDA, M.: New orbital prosthesis with a blinking eyelid: report of a
case. J. Oral Maxillofac. Surg. 57, 730 — 733 (1999)

HUBNER, W.A., PLAS, E.G., PFLUGER, H., HAUK, M., MIKO, 1., FURKA, I.: Laparoscopic
implantation of temporary electrodes for bladder stimulation in dogs. Neurourol. Urodyn. 15 (2),
149 — 155 (1996)

JACOBSSON, M., TJELLSTROM, A., FINE, L., ANDERSSON, H.: A retrospective study of
osseointegrated skin-penetrating titanium fixtures used for retaining facial prostheses. Int. J. Oral
Maxillofac. Impl. 7, 523 — 528 (1992)

JAECKLIN, V.P., LINDER, C., DE ROOIJ, N.F., MORET, J.M.: Micromechanical comb actuators
with low driving voltage. J. Micromech. Microeng. 2, 250 — 255 (1992)

JAQUIERY, C., BUCHER, P., HAMMER, B., MESSERLI, M.: Epiplant - ein neues extraorales
Implantatsystem. Implantologie 4, 19 — 30 (1996)

JENSEN, O.T., BROWND, C., BLACKER, J.: Nasofacial prostheses supported by osseointegrated
implants. Int. J. Oral Maxillofac. Surg. 7, 203 — 211 (1992)

JUDE, H.-D.: Befestigungsmoglichkeiten von Epithesen und Erfahrungen mit neuen Klebemitteln.
ZWR 82 (15), 746 — 749 (1973)

KALZ, W., SCHOLLNER, C.: Die Augenepithese — eine Standortbestimmung. Zahntechnik 29 (3),
109 — 112 (1988)

KANEKO, K., SAKAMOTO, K.: Evaluation of three types of blinks with the use of electro-
oculogramm and electromyogramm. Perceptual and Motor Skills 88, 1037 — 1052 (1999)
KASHIWADA, K., UEDA, M., FUKOMOTO, I.: Epithese with active eyelid: The method of blink
detection by surface EMG of the orbicularis oculi muscles. Technical report of IEICE MBE 9, 123
(1993)

KLEIN, M., MENNEKING, H., NEUMANN, K., HELL, B., BIER, J.: Computed tomographic
study of bone avaibility for facial prostheses-bearing endosteal implants. Int. J. Oral Maxillofac.
Surg. 26, 268 — 271 (1997)

KLEIN, M., MENNEKING, H., MULLER-KAUTER, U., BIER, J.: Die Sulkusfluid-Flow-Rate als
objektiver Parameter zur Erfassung der periimplantaren Entziindungsreaktionen bei kraniofazialen
Implantaten. In: KongreBbd. IX. Intern. Symp. fiir chir. Prothetik und Epithetik 1997 in
Linz/Osterreich. Eigenverlag, Graz (ISBN 3-901539026), 43 — 48 (1998)

KLEIN, M., MENNEKING, H., HASENPUSCH, M., SCHMITZ, H., LOCKE, H.G., BIER, J.: A
new orbital prosthesis with a mobile upper eyelid. J. Fac. Somato. Prosth. 5 (1), 11 —17 (1999 a)
KLEIN, M., MENNEKING, H., SCHMITZ, H., LOCKE, H.G., BIER, J.: A new generation of
facial prostheses with myoelectrically driven moveable upper lid. The Lancet 353, 1493 (1999 b)
KLEIN, M., MENNEKING, H., BIER, J.: Clinical experience with a device to enhance
craniofacial periimplantary wound healing. A clinical report. J. Prosthet. Dent. 82, 631 — 632
(1999 ¢)

KLEIN, M.: Rehabilitation mit knochenverankerten Orbitaepithesen. Klin. Monatsbl. Augenheilk.
214,391 —394 (1999 d)

[Seite 121]]



KLEIN, M., MENNEKING, H., ZILL, E., GROSSE-SIESTRUP, C., BIER, J.: Microbiological
flora around percutaneus craniofacial implants. J. Fac. Somato. Prosth. 5 (1), 35 -39 (1999 ¢)
KLEIN, M.: Doppelseitige Rehabilitation mit einer implantatfixierten Orbitaepithese. Mund Kiefer
Gesichtschir. 3, 338 — 341 (1999 f)

KLEIN, M.: Epithetische Versorgung tumorbedingter Nasendefekte. HNO 47, 623 — 628 (1999 g)
KLEIN, M., MENNEKING, H.: Reconstruction of the contracted ocular socket with free full-
thickness mucosa graft. Int. J. Oral Maxillofac. Surg. 29, 96 — 98 (2000)

KLOKKEVOLD, P.R., NISHIMURA, R.D., ADACHI, M., CAPUTO, A.: Osseointegration
enhanced by chemical etching of the titanium surface: a torque removal study in the rabbit. Clin.
Oral Impl. Res. 8, 442 — 447 (1997)

KNOBBER, D., BRUSIS, T., SIRANLI, F.: Zur epithetischen Versorgung tumorbedingter
Gesichtsdefekte. Laryng. Rhinol. Otol. 65, 32 — 36 (1986)

KOCH, R.: Camouflage — Make — up fir die Seele. Ullstein, Verlag Gesundheit, Berlin (1997)
KOHLER, S., SCHMELZLE,. R. STEMMANN, H.J.: Titanmagnetic — Ein neuentwickeltes
Magnetattachement zur Epithesenretention. Abstract-Bd. 42. JT. Dt. Ges. Prothetik und
Werkstoffkd., 21 — 23 (1993)

KOHLER, S., STEMMANN, H.J.: Epithesenretention durch den Einsatz des Steco-Titanmagnetic-
Systems. In: KongreBbd. IV. Intern. Symp. f. Epithetik und chir. Prothetik in Linz/Osterreich 1992.
Eigenverlag, Graz, 20 — 30 (1993)

KOHLER, S., SCHMELZLE, R., STEMMANN, H.J.: Steco-Titanmagnetic - Ein neues
Magnetattachement. HNO 42, 173 — 176 (1994)

KOHLER, S., HELLNER, D.: Implantate und Magnetattachement — ergénzende und unterstiitzende
Hilfsmittel in der Wiederherstellungschirurgie. In: (Hrsg.) Schmelzle, R., Bschorer, R.: Plastische
und Wiederherstellungschirurgie — ein Jahrbuch. UniMed AG, Lorch / Wiirttemberg und Bremen,
136 — 138 (1996)

KOLLER, R., GIRSCH, W., LIEGL, CH., GRUBER, H., HOLLE, J., LOSERT, U., MAYR, W.,
THOMA, H.: Long-term results of nervous tissue alterations caused by epineural electrode
application: an experimental study in rat sciatic nerve. Pace 15, 108 — 115 (1992)

KUWABARA, T., COGAN, D.G., JOHNSON, C.C.: Structure of the muscles of the upper eyelid.
Arch. Ophthal. 93, 1189 — 1197 (1975)

LAASS, M., RETEMEYER, K., LANGE, K.-P., THIERFELDER, CH., KALZ, W., KIRSCH, A.,
NEUENDOREF, G., DUNCAN, G.F.: Implantologische Verankerungsmaglichkeiten bei
Defektprothesen und Epithesen. Quintessenz 11, 1725 — 1735 (1991)

LAASS, M., KIRSCH, A., LANGE, K.-P., RETEMEYER, K., THIERFELDER, CH.:
Rehabilitative MalRnahmen bei Patienten mit erworbenen Kiefer-Gesichts-Defekten. Zahnarztl.
Praxis 43, 307 — 310 (1992)

LEEMING, B., RENK, A.: Eine alternative Methode zur Befestigung von Augenepithesen an
Brillengestellen. In: Kongre3bd. VII. Intern. Symp. f. chir. Prothetik und Epithetik 1995 in
Linz/Osterreich. Eigenverlag, Graz (ISBN 3-901539018), 118 — 123 (1996)

LEEMING, B., RENK, A., OLBERDING, S., SIEGEL, K., MOHLER, H.: Farbstabilitét bei
eingefarbten Silikonen nach kunstlicher Bewitterung. Kongref3bd. VIII. Intern. Symp. f. Epithetik
und chir. Prothetik in Linz/Osterreich 1996. (Hrg.) Reitemeier, G., Penker, K. Eigenverlag, Graz,
99 — 109 (1997)

LEMON, J.C., CHAMBERS, M.S., JACOBSEN, M.L., POWERS, J.M.: Color stability of facial
prostheses. J. Prosthet. Dent. 74, 613 — 618 (1995)

LOCKE, H. G., MENNEKING, H., KLEIN, M., BIER, J.: Mehrteilige Epithesen und epithetisch-
prothetische Kombinationen zur Rekonstruktion groRBer Gesichtsdefekte. In: (Hrsg.) Schwipper, V.,
Tilkorn, H.: Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-
Presse Verlag. Reinbek, 89 — 93 (1997)

[Seite 122]]
LOFFLER, H.: Linearantriebe und Aktuatoren. F & M 101, 449 — 455 (1993)



LOWENTAL, U., SELA, M.: Evaluating cosmetic results in maxillofacial prosthetics. J. Prosthet.
Dent. 48 (5), 567 — 570 (1982)

LUNDGREN, S., MOY, P.K., BEUMER III, J., LEWIS, S.: Surgical considerations for endosseous
implants in the craniofacial region. A 3-year report. Int. J. Oral Maxillofac. Surg. 22, 272 — 277
(1993)

MAEDA, T., FUJITA, H.: Characteristics of linear actuator with semiclosed magnetic circuit
excited by discharge current of capacitor. E. E. Japan 113 (8), 136 — 141 (1993)

MARANGOS, N., LASZIG, R.: Cochlear implants. Die prothetische Versorgung bei Taubheit um
die Jahrtausendwende. HNO 46 (1), 12 —26 (1998)

MAYR, W., BUAK, M., GIRSCH, W., HOLLE, J., LANMULLER, H., THOMA, H., ZRUNEK,
M.: Multichannel stimulation of phrenic nerves by epineural electrodes. Clinical experience and
future developments. ASAIO-J. 39, 729 — 735 (1993)

MENNEKING, H.: Pradilektionsstellen fiir die Plazierung enossaler Schraubenankerimplantate
nach Branemark fiir Gesichtsepithesen — morphometrische Untersuchungen. Med. Diss. Berlin
(1994)

MENNEKING, H., HELL, B., HEISSLER, E.. GATZUNIS, G., BIER, J.: Moglichkeiten der
Kombination anaplastologischer (epithetischer) und mikrochirurgischer MalRnahmen zur
Rekonstruktion groRer Gesichts- und Schadelbasisdefekte. In: (Hrsg.) Rahmanzadeh, R., Scheller,
E.E.: Alloplastische Verfahren und mikrochirurgische Mainahmen. Einhorn-Presse Verlag,
Reinbek, 48 — 52 (1994)

MENNEKING, H., HELL, B., LOCKE, H.G., BIER, J.: Osseointegrierte Epithetik als Erganzung
mikrochirurgischer Rehabilitations-Malinahmen bei groRen Gesichts- und Schadelbasisdefekten —
eine neue undogmatische Behandlungsstrategie. In: Kongref3bd. VI. Intern. Symp. f. chir. Prothetik
und Epithetik in Linz/Osterreich. Eigenverlag, Graz (ISBN 3-90153900X), 7 — 12 (1995)
MENNEKING, H., KLEIN, M., HELL, B., BIER, J.: Rehabilitation von Gesichtsversehrten mit
osseointegriert verankerten Implantaten. Mitteil. Dtsch. Ges. Plast. Wiederherstellungschir. 8. (Nr.
12),28 —32 (1996 a)

MENNEKING, H., KLEIN, M., BIER, J.: Epithetische Versorgung von Gesichtsdefekten. Munch.
med. Wschr. 138 (43), 704 — 707 (1996 b)

MENNEKING, H., HEISSLER, E., HENZ, J., HELL, B., BIER, J.: Navigatorunterstutzte
Implantatinsertion zur osseointegrierten Epithesenverankerung. In: (Hrsg.) Schwipper, V., Tilkorn,
H.: Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag,
Reinbek, 51 — 56 (1997)

MENNEKING, H., KLEIN, M., HELL, B., BIER, J.: Prosthetic restoration of nasal defects:
indications for two different osseointegrated implant systems. J. Fac. Somato. Prosth. 4 (1), 29 — 33
(1998 a)

MENNEKING, H., KLEIN, M., LOCKE, H.G., GONSCHIOR, S.: Pflegemalinahmen bei
knochenverankerten Gesichtsepithesen. HNO 46, 579 — 582 (1998 b)

MITAMURA, Y., HIRANO, A., OKAMOTO, E., MIKAMI, T.: Transcutaneus energy
transmission for assisted circulation. Assisted Circulation 3, 569 — 579 (1989)

MITAMURA, Y., OKAMOTO, E., MIKAMI, T.: A transcutaneus optical information transmission
system for implantable motor driven artificial hearts. ASAIO Transactions 36 (3), 278 — 280 (1990)
MOONEY, V., HARTMANN, D.B., MC NEAL, D., BENSON, J.: The use of pure carbon for
permanent percutaneous electrical connector systems. Arch. Surg. 108 (2), 148 — 153 (1974)
MOONEY, V., ROTH, A.M.: Advances in percutaneous electrode systems. Biomater. Med. Devices
Artif. Organs. 4 (2), 171 — 180 (1976)

MOONEY, V. SCHWARTZ, S.A., ROTH, A.M., GORNIOWSKY, M.J.: Percutaneous implant
devices. Ann. Biomed. Eng. 5 (1), 34 — 46 (1977)

MOSES, R.A.: Adler’s physiology of the eye, 6TH ed. Mosby, St. Luis (1975)

[Seite 123]]



MUMENTHALER, M., SCHLIACK, H.: Physiologie der peripheren Nerven und des Muskels -
Grundlagen der Elektromyographie. In: Lasionen peripherer Nerven. Diagnostik und Therapie. 5.
Auflage, Georg Thieme Verlag Stuttgart — New York, 34 — 36 (1987)
NAKANO, T., SUGIYAMA, K., MIZUNO, M., YAMAMOTO, S.: Blink measurement by image
processing and application to detection of driver® s drowsiness. Terebijon Gakkaishi J. Inst.
Television Engin. 50, 1949 — 1956 (1996)
NESTLE, B., SCHWENZER, N.: Rekonstruktive und prothetische Malinahmen bei Orbitadefekten.
In: KongreRband VII. Intern. Symp. chir. Prothetik und Epithetik 1995 in Linz/Osterreich.
Eigenverlag, Graz (ISBN 3901539018), 81 — 85 (1996)
NESTLE, B., SCHWENZER, N.: Orbitarekonstruktion oder epithetische Versorgung bei
Orbitadefekten. In: (Hrsg.) Rochels, R. Behrendt, St.: Orbitachirurgie. Einhorn-Presse Verlag.
Reinbek, 306 — 309 (1997)
NESTLE, B., SCHWENZER, N., EHRENFELD, M.: Die implantatverankerte Orbitaepithese. In:
(Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der kraniofazialen chirurgischen Epithetik und
Prothetik. Einhorn-Presse Verlag. Reinbek, 99 — 102 (1997)
NESTLE, B., LUKAS, D., SCHWENZER, N.: Retention force of magnets in endoseal implants
used for facial prosthesis. Int. J. Oral Maxillofac. Surg. 28, 41 — 44 (1999)
NEUGEBAUER, J., FEDERSPIL, P., SCHEDLER, M. SCHILLING, N.: Die Verankerung von
Epithesen mit IMZ-Implantaten. In: Kongref3bd. V. Intern. Symp. f. chir. Prothetik und Epithetik in
Linz/Osterreich 1993. Eigenverlag, Graz, 112 — 119 (1994)
NEWTON, J.T., FISKE, J., FOOTE, O., FRANCES, C., LOH, I.M., RADFORD, D.R.:
Preliminary study of the impact of loss of part of a face and its prosthetic restoration. J. Prosthet.
Dent. 82 (5), 585 — 590 (1999)
NISHIMURA, R.D., ROUMANAS, E., SUGAI, T., MOY, P.K.: Auricular prostheses and
osseointegrated implants: UCLA experience. J. Prosthet. Dent. 73, 553 — 558 (1995)
NISHIMURA, R.D., ROUMANAS, E., MOY, P.K., SUGAI, T., FREYMILLER, E.G.:
Osseointegrated implants and orbital defects: UCLA experience. J. Prosthet. Dent. 79, 304 — 309
(1998 a)
NISHIMURA, R.D., ROUMANAS, E., BEUMER 111, J., MOY, P.K., SHIMIZU, K.T.: Restoration
of irradiated patients using osseointegrated implants. Current perspectives. J. Prosthet. Dent. 79,
641 — 647 (1998 b)
NORDA, A.G., MEYER-RUSENBERG, H.W.: Langzeitresultate mit der Implantation von
Hydroxylapatit als Bulbusersatz. Ophthalmologe 87 (2), 91 — 99 (2000)
PAREL, S.M.: Diminishing dependance on adhesives for retention of facial prostheses. J. Prosthet.
Dent. 43 (5), 552 — 560 (1980)
PAREL, S.M., HOLT, R., BRANEMARK, P.I., TJELLSTROM, A.: Osseointegration and facial
prosthestics. Int. J. Oral Maxillofac. Impl. 1, 27 — 29 (1986)
PAREL, S.M., TIELLSTROM, A.: The United States and Swedish experience with
osseointegration and facial prosthesis. Int. J. Oral Maxillofac. Impl. 6, 75 — 79 (1991)
PARR, G.R., GOLDMAN, B.M., RAHN, A.O.: Maxillofacial prosthetic principles in the surgical
planning for facial defects. J. Prosthet. Dent. 46 (3), 323 — 329 (1981)
PASCHKE, H.: Die epithetische Behandlung von Gesichtsdefekten. Barth, Miinchen (1957)
PORTESCAP DEUTSCHLAND GmbH: Motion solutions. Firmenschrift. Pforzheim (1995)
RADEMAKER, M., SANDMANN, H.: Differentialindikation des Einsatzes von Silikonen und
Acrylaten bei der Epithesenherstellung. In: Kongrebd. V1. Intern. Symp. f. chir. Prothetik und
Epithetik 1994 in Linz/Osterreich. Eigenverlag, Graz (ISBN 3-90153900X), 132 — 136 (1995)
RADEMAKER, M.: Auwahlkriterien und Einsatz unterschiedlicher Implantatsysteme bzw.
Suprakonstruktionen bei knochenverankert getragenen Epithesen. In: Kongref3bd. VII. Intern. Symp.
fur chir. Prothetik und Epithetik 1995 in Linz/Osterreich. Eigenverlag, Graz (ISBN 3-901539018),
1 -5 (1996)

[Seite 124 ]



RADEMAKER, M., SANDMANN, H., SCHWIPPER, V.: Anwendungsspektrum unterschiedlicher
Suprakonstruktionen in der kraniofazialen Epithetik. In: (Hrsg.) Schwipper, V., Tilkorn, H.:
Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag,
Reinbek, 233 — 238 (1997)

RANGERT, B.: Biomechanische Betrachtungen bei implantatgetragenen Orbita-Epithesen.
Nobelpharma International Updates 2 (1993)

REISBERG, D.J., HABAKUK, S.W.: Hygiene procedures for implant-retained facial prostheses. J.
Prosthet. Dent. 74, 499 — 502 (1995)

RENK, A.: Zur Geschichte der Epithesen. Dtsch. Zahnarztl. Z. 41, 1193 — 1201 (1986)

RENK, A.: Psychosoziale Auswirkungen von Gesichtsentstellungen — Ein historischer Rickblick.
In: KongreBbd. VIII. Intern. Symp. f. Epithetik und chir. Prothetik in Linz/Osterreich 1996. (Hrsg.)
Reitemeier, G., Penker, K., Eigenverlag, Graz, 1 — 13 (1997 a)

RENK, A.: 400 Jahre Gesichtsprothetik - Eine historische Ubersicht zur Entwicklung der
Epithesen. In: (Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der kraniofazialen chirurgischen
Epithetik und Prothetik. Einhorn-Presse Verlag, Reinbek, 23 — 36 (1997 b)

REYES, R.A., TJELLSTROM, A., GRANSTROM, G.: Evaluation of implant losses and skin
reactions around extraoral bone-anchored implants: A 0 — 8 year follow up. Otolayngol. Head
Neck Surg. 122 (2), 272 — 276 (2000)

RIVERO, A., CROVETTO, L., LOPEZ, L., MASELLI, R., NOGUES, M.: Single fiber
electromyography of extraocular muscles: a sensitive method for the diagnosis of ocular
myasthenia gravis. Muscle & Nerve 18, 943 — 947 (1995)

ROHEN, J.W.: Zur funktionellen Anatomie des Lidapparates. Ber. Zusammenkunft Dtsch.
Ophthalmol. Ges. 77, 3 — 12 (1980)

ROUMANAS, E., NISHIMURA, R., BEUMERIII, J., MOY, P., WEINLANDER, M., LORANT,
J.: Craniofacial defects and osseointegrated implants: six-year follow-up report on the success
rates of craniofacial implants at UCLA. Int. J. Oral Maxillofac. Implants 9, 579 — 585 (1994)
RUBENSTEIN, J.E.: Attachements used for implant-supported facial prostheses: a survey of
United States, Canadian and Swedish centers. J. Prosthet. Dent. 73, 262 — 266 (1995)

SABIN, P., LABBE, D., LEVILLAIN, D., CAZIN, L., CASTON, J.: Permanent percutaneous
electrical connection. General principles. Rev. Laryngol. Otol. Rinol. 118 (5), 335 — 342 (1997)
SANDER, U., SCHWIPPER, V.: Epithesennachsorge und Recall-System an der Fachklinik
Hornheide. In: Kongrel3bd. VII. Intern. Symp. f. chir. Prothetik und Epithetik 1995 in
Linz/Osterreich. Eigenverlag, Graz (ISBN 3-901539018), 55 — 67 (1996)

SANDER, U., LIPPOLD, A., SCHWIPPER, V.: Lebensdauer von Epithesen aus unterschiedlichen
Materialien und mit verschiedenen Retentionstechniken. In: (Hrsg.) Schwipper, V., Tilkorn, H.:
Fortschritte in der kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag,
Reinbek, 180 — 187 (1997)

SANJAY, G., SINGH, S.: Pre-processing EEG signals for direct human system interface. IEEE Int.
Joint Symposia on Intelligence and Systems. 32 — 37 (1996)

SCHELLER, H.: Dermatologische Auswirkungen von zwei Epithesenmaterialien in Kombination
mit Klebern. Dtsch. Zahnarztl. Z. 45, 584 — 586 (1990)

SCHELLER, H.: Vergleichende Untersuchungen zur klinischen Eignung von zwei
Epithesenmaterialien. Dtsch. Zahnarztl. Z. 48, 509 — 511 (1993)

SCHERER, K., SCHWENZER, N.: Die epithetische Versorgung von Augenhdhlendefekten. In:
KongreRbd. I11. Intern. Symp. f. Epithetik und chir. Prothetik in Linz/Osterreich 1991. Eigenverlag,
Graz, 55 — 67 (1992)

[Seite 125]]

SCHERER, K., SCHWENZER, N.: Erfahrungen zur Implantatposition bei der Verankerung von
Augenprothesen. In: Kongrebd. IV. Intern. Symp. f. Epithetik und chir. Prothetik in
Linz/Osterreich 1992. Eigenverlag, Graz, 45 — 50 (1993)



SCHERER, K., SCHWENZER, N.: A new implant site in iliac crestbone graft for retention of
orbital epithesis: a preliminary report. Brit. J. Oral Maxillofac. Surg. 33, 289 — 294 (1995)
SCHILLING, N.: Der groRe Orbitadefekt - Moglichkeiten und Grenzen der epithetischen
Versorgung. In: (Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der kraniofazialen
chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag, Reinbek, 103 — 106 (1997)
SCHMIDT, E.M., BAK, M.J., HAMBRECHT, E.T., KUFTA, C.V., O’ROURKE, D.K.,
VALLABHANATH, P.: Feasibility of a visual prosthesis for blind based on intracortical
microstimulation of the visual cortex. Brain 119, 507 — 522 (1996)

SCHWENZER, N.: Technik und Ergebnisse der epithetischen Versorgung von Gesichtsdefekten.
Fortschr. Kiefer-Gesichtschir. 10, 115 — 121 (1965)

SCHWENZER, N.: Indikation zur chirurgischen und epithetischen Deckung von Gesichtsdefekten.
Fortschr. Kiefer- Gesichtschir. 23, 21 — 23 (1978)

SCHWENZER, N.: Das Epithesenlager aus chirurgischer Sicht. Z. Stomatol. 85, 117 — 124 (1988)
SCHWENZER, N., EHRENFELD, M.: Rehabilitation der Orbita und periorbitalen Region durch
Gewebetransplantationen und Epithesen — Entwicklungen und heutiger Stand. In: (Hrsg.) Zilch, H.,
Schumann, E.: Plastisch-rekonstruktive Maltnahmen bei Knochen- und Weichteildefekten, Thieme,
Stuttgart, New York, 17 — 20 (1994)

SCHWENZER, N., EHRENFELD, M., SCHERER, U.: Die Knochentransplantation in die Orbita
als Voraussetzung zur prothetischen Versorgung. Fortschr. Kiefer-Gesichtschir. 39, 169 — 171
(1994)

SCHWENZER, N.: Grenzen der Rekonstruktion der Lider und einer prothesenfahigen Augenhohle.
In: (Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der kraniofazialen chirurgischen Epithetik
und Prothetik. Einhorn-Presse Verlag, Reinbek, 94 — 98 (1997)

SCHWIPPER, V., DREPPER, H., TILKORN, H.: Die transkutane starre Verankerung von
Gesichtsepithesen mit Hilfe des Branemark-Svstems. Zbl. Haut 160, 143 — 144 (1992)
SCHWIPPER, V., TILKORN, H., OSTERHAUS, A.: Spektrum der starren Fixation von
Gesichtsepithesen mit dem Branemark-System. Abstract-Bd. 42. JT. Dt. Ges. Prothetik und
Werkstoffkd., 18 — 20 (1993)

SCHWIPPER, V., TILKORN, H., VON WILD, K.: Zur Exenteratio orbitae — Mdglichkeiten der
liderhaltenden Chirurgie oder epithetische Versorgung. Vortrag 3. Workshop der DGS, 8.-9.11.96
in Kiel. In: (Hrsg.) Rochels, R., Behrendt, S.: Orbitachirurgie. Einhorn-Presse Verlag, Reinbek, 136
— 144 (1997 a)

SCHWIPPER, V., TILKORN, H., SANDER, U.: MiRerfolgsraten und Fehlindikationen in der
Implantat-gestitzten Epithetik — Klinische Daten von 124 Patienten und Literaturibersicht. In:
(Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der kraniofazialen chirurgischen Epithetik und
Prothetik. Einhorn-Presse Verlag, Reinbek, 110 — 153 (1997 b)

SHIELDS, C.L., SHIELDS, J.A., DE-POTTER, P.: Hydroxyapatite orbital implant after
enucleation. Experience with initial 100 consecutive cases. Arch. Ophthalmol. 110 (3), 333 — 338
(1992)

SHIELDS, C.L., SHIELDS, J.A., DE-POTTER, P.: Hydroxyapatite orbital implant after
enucleation. Experience with 200 cases. Mayo. Clin. Proc. 68 (12), 1191 — 1195 (1993)
SIEMENS: MAGNETICS SENSORS DATA BOOK 140, 47 — 63 (1989)

SPIEKERMANN, H.: Voraussetzungen. Implantologie. Farbatlanten der Zahnmedizin. Hrsg.:
Rateitschak, K. H., Wolf, H. F., Georg Thieme Verlag, Stuttgart/ New York, 3 — 10 (1994)
SPIESSL, B.: Die freie Hauttransplantation als vorbereitende MaRnahme zur epithetischen
Versorgung von Defekten nach Operationen maligner Tumoren im Kiefer- und Gesichtsbereich.
Fortschr. Kiefer-Gesichtschir. 10, 135 — 138 (1965)

[Seite 126 ]

STAVA, M.\W., HUFFMAN, M.D., BAKER, R.S., EPSTEIN, A.D., PORTER, J.D.: Conjugacy of
spontaneous blinks in man: eyelid kinematics exhibit bilateral symmetry. Invest. Ophthalmol. Vis.
Sci. 35 (11), 3966 — 3971 (1994)



STEMMANN, H.J.: Der Einsatz von Titanmagnetics zur Retenierung implantatgesttzter Epithesen
und Obturatoren — eine Systemubersicht. In: (Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der
kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag, Reinbek, 226 — 232
(1997)

SUN, W.S., BAKER, R.S., CHUKE, J.C., ROUHOLIMAN, B.R., HASAN, S.A., GAZA, W.,
STAVA, M.W., PORTER, J.D.: Age-related changes in human blinks. Passive and active changes
in eyelid kinematics. Invest. Ophthalmol. Vis. Sci. 38 (1), 92 — 99 (1997)

SUNDSTROM, L.E., SUNDSTROM, K.E., MELLANBY, J.H.: A new protocoll for the
transmission of physiological signals by digital telemetry. J. Neurosci. Methods 77 (1), 55 — 60
(1997)

TADA, H., YAMADA, F., FUKUDA, K.: [Psychology of blinking]Kyoto: Kitaojishobo. (1991)
TAGAKI, M., MOHRI, K., KATOH, M., YOSHINO, S.: Magnet displacement sensor using
magneto inductive elements for sensing eyelid movement. IEEE Transaction J. on magnetics in
Japan, Vol. 9 (1994)

THOMA, H., GIRSCH, W., HOLLE, J., MAYR, W.: Technology and long term application of an
epineural electrode. Trans. Am. Soc. Artif. Intern. Organs 35 (3), 490 — 494 (1989)

THOMA, H., GIRSCH, W., HOLLE, J., UNGER, E.: Gegenwart und Zukunft des
Atemschrittmachers. Med. Klin. 92 (1), 77 — 81 (1997)

THOMAS, K.F.: Prosthetic Rehabilitation. Quintessence Pub. Co. Ltd.. London, Chicago, Berlin,
Sao Paulo, Tokyo, Hongkong, 69 — 77 (1994)

THOMAS, K.F.: Freestanding magnetic retention for extraoral prosthesis with osseointegrated
implants. J. Prosthet. Dent. 73, 162 — 165 (1995)

TJELLSTROM, A.: Osseointegrated systems and their applications in the head und neck. Adv.
Otolaryngo. Head Neck Surg. 3, 39 — 70 (1989 a)

TJELLSTROM, A.: Titanimplantate in der Hals-Nasen-Ohren-Heilkunde. HNO 37, 309 — 314
(1989 b)

TJELLSTROM, A.: Einschritt-Chirurgie - eine modifizierte Methode. Bone Anchored Applications,
Nobelpharma International Updates, Dtsch. Ausgabe 1, 3 — 5 (1994)

TJELLSTROM, A., GRANSTROM, G.: One stage procedure to establish osseointegration: a zero
to five years follow-up report. J. Laryngol. Otol. 109, 593 — 598 (1995)

TJELLSTROM, A., GRANSTROM, G.: Osseointegrierte Implantate fiir die Rekonstruktion des
Mittelgesichtes — eine Ubersicht. In: (Hrsg.) Schwipper, V., Tilkorn, H.: Fortschritte in der
kraniofazialen chirurgischen Epithetik und Prothetik. Einhorn-Presse Verlag, Reinbek, 37 — 42
(1997)

TOCK, D., CRAW, I.: Tracking and measuring driver’s eyes. Image and Vision Computing, 14,
541 — 547 (1996)

TOLJANIC, J.A., MORELLO, J.A., MORAN, W.J., PANJE, W.R., MAY, E.F.: Microflora
associated with percutaneous craniofacial implants used for the retention of facial prostheses: a
pilot study. Int. J. Oral Maxillofac. Implants 10, 578 — 582 (1995)

TOLMAN, D.E., DESJARDINS, R.P.: Extraoral applications of osseointegrated implants. Int. J.
Oral Maxillofac. Surg. 49, 33 —45 (1991)

TOLMAN, D.E., TAYLOR, P.F.: Bone-anchored craniofacial prosthesis study. Int. J. Oral
Maxillofac. Implants 11, 159 — 168 (1996 a)

TOLMAN, D.E., TAYLOR, P.F.: Bone-anchored craniofacial prosthesis study: Irradiated patients.
Int. J. Oral Maxillofac. Implants 11, 612 — 619 (1996 b)

TRAINER, D.: Die Farbgestaltung von Gesichtsepithesen. In: Kongre3bd. IX. Intern. Symp. fir
chir. Prothetik und Epithetik 1997 in Linz/Osterreich. Eigenverlag, Graz (ISBN 3-901539026), 56 —
63 (1998)

[Seite 127 ]



TURSS, R.: Die Bedeutung des Lidschlages flr den Aufbau des Tréanenfilmes. In: Chronische
Conjunctivitis — Trockenes Auge. (Hrsg.) Marquardt, R., Springer-Verlag Wien, New York, 105 —
114 (1982)

TVETEN, S., WEISCHER, T., MOHR, C.: Primare Weichgewebsdeckung und spezifische
Nachsorge enossaler Implantate in der vorbestrahlten Orbita. Mund Kiefer GesichtsChir. 1, 289 —
293 (1997)

VARTA Programm. Lithium-Batterien

VON LANZ, T., WACHSMUTH, W.: Praktische Anatomie, Bd. I, Teil 1: Gehirn und
Augenschéadel, Springer, Berlin (1979)

VON RECUM, A.F., PARK, J.B.: Permanent percutaneus devices. CRC Crit. Rev. Bioeng. 5 (1),
3777 (1981)

WACHTER, R., LAUER, G., SCHILLI, W.: Schwierigkeiten bei der epithetischen Versorgung von
Orbitadefekten nach Radiatio. In: Kongrel3bd. VII. Intern. Symp. f. chir. Prothetik und Epithetik
1995 in Linz/Osterreich. Eigenverlag, Graz (ISBN 3-901539018), 86 — 110 (1996)

WACHTER, R., LAUER, G., SCHILLI, W.: Zur Rehabilitation von Patienten mit Orbitatumoren
mittels implantatretinierten Epithesen. In: (Hrsg.) Berghaus, A., Neumann, K.: Plastische und
Wiederherstellungschirurgie. Gewebeverbund, Lokalanaesthesie, Psyche und Plastische Chirurgie.
Einhorn-Presse Verlag, Reinbek, 277 — 294 (1997)

WALTER, J.S., WHEELER, J.S., CAI, W., WURSTER, R.D.: Direct bladder stimulation with
suture electrodes promotes voiding in a spinal animal model: a technical report. J. Reh. Res. Dev.
34 (1), 72 - 81 (1997)

WATSON, R.M., COWARD, T.J., FORMAN, G.H.: Results of treatment of 20 patients with
implant-retained auricular prostheses. Int. J. Oral Maxillofac. Implants 10, 445 — 449 (1995)
WEBER, J., METTANG, T., MAYER-WEHRSTEIN, R., KUHLMANN, U.: Kontinuierliche
ambulante Peritonealdialyse. Patienten- und Methodenuberlebensrate, Peritonitishaufigkeit und
Dialysewirksamkeit tiber 10 Jahre. Dtsch. Med. Wochenschr. 116 (17), 641 — 648 (1991)
WILKES, G. H.: Editorial. Osseointegration and the plastic surgeon: A time for flection. Plast.
Reconstr. Surg. 93, 1064 — 1066 (1994)

WILTFANG, J., MERTEN, H.-A., HONIG, J.H.: Histomorphometrische Untersuchung des
Einheilverhaltens verschiedener extraoraler Implantatsysteme. Z. Zahnarztl. Implantol. 14, 40 — 45
(1998 a)

WILTFANG, J., MERTEN, H.-A., BECKER, H.J., HAUSMANN, D.: Vergleichende,
histomorphologische Untersuchung uber das Einheilverhalten von extraoralen zylinderférmigen
und schraubenférmigen Implantaten mit und ohne Gewindevorschneidung. In: Kongref3bd. IX.
Intern. Symp. fiir chir. Prothetik und Epithetik 1997 in Linz/Osterreich. Eigenverlag, Graz (ISBN 3-
901539026), 20 — 27 (1998 b)

WOLFAARDT, J.F., WILKES, G.H., PAREL, S.M., TJELLSTROM, A.: Craniofacial
osseointegration: the Canadian experience. Int. J. Oral Maxillofac. Implants 8, 197 — 204 (1993)
YAMADA, Y., YOSHIDA, N., KOBAYASHI, K., YAMAUCHLI, K.: An application of magnet
and magnet sensor: measurement system for tooth movement. IEEE Trans. Biomed. Eng. 37, 919 —
923 (1990)

YOUNG, L.: Methods and designs: survey of eye movement recording methods. Behavior Research
Methods & Instrumentation 7 (5), 397 — 429 (1975)

ZACHOW, S., LUETH, T., STALLING, D., HEIN, A., KLEIN, M., MENNEKING, H.: Optimized
arrangement of osseointegrated implants: a surgical planning system for the fixation of facial
prostheses. CARS* 99, Paris, France, June. In: LEMKE, H.U., VANNIER, M.W., INAMURA, K.,
FARMAN, A.G. (eds). Computer assisted radiology and surgery. Elsevier/ North-Holland,
Amsterdam, New York (1999)



