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Abstract: The aim of this study was to perform a realis-
tic visualization of the auditory and vestibular system
using volume data sets from high-resolution computed
tomography (HR-CT) and high-resolution magnetic
resonance imaging (HR-MRI).

In 10 patients with conductive and/or sensorineural
hearing loss, vertigo and tinnitus, HR-CT and HR-
MRI of the petrous bone were performed consecu-
tively. CT was performed with a 16-slice computed to-
mography scanner using a high spatial resolution. MRI
was perfomed with a 3.0 Tesla scanner using a three-
dimensional-constructive interference in steady state
(3D-CISS) gradient-echo, and T2-weighted, unen-
hanced and gadolinium (GD)-enhanced T1-weighted
turbo spin-echo sequences. The middle ear structures
were interactively segmented and visualized with a col-
or-coded shaded-surface rendering method using the
HR-CT volume data sets. The inner ear structures
were interactively segmented and visualized with a col-
or-coded shaded-surface rendering method using the
high-resolution 3D-CISS MRI volume data sets. Final-
ly, both shaded-surface rendered models were super-
imposed semi-automatically using a commercial avail-
able software program to visualize the auditory and
vestibular system.

The representation of the middle and inner ear
structures with image fusion of HR-CT and HR-MRI
takes advantage of both the high bony contrast of HR-
CT and the high soft tissue contrast discrimination
and sensitivity to fluids of HR-MRI, as well as the high
spatial resolution of both modalities. In comparison to
the fused axial CT/MRI, the images of 3D CT/MRI
fusion facilitates a clear representation and better spa-
tial orientation.

The middle and inner ear consists of bony struc-
tures, soft tissue structures and fluid-filled spaces. For
this reason, the image fusion of volume data sets from
HR-CT and HR-MRI allowed an optimized and realis-
tic visualization of the auditory and vestibular system.

Key words: Ear, anatomy; Computed tomography (CT),
multi-detector row; Computed tomography (CT), im-
age processing; Magnetic resonance (MR), high-field-
strength imaging; Magnetic resonance (MR), image
processing; Image, fusion

INTRODUCTION

Post-processing of image data sets is an important as-
pect of interpretation and representation of complex
anatomical findings and pathological changes, and it
has become more and more important in clinical prac-
tice [1]. In recent years much effort has been directed
towards improving the capabilities and efficiency of
independent workstations to allow the rapid manipula-
tion of imaging data sets and to improve the image
quality of post-processing visualization methods.

Since the external and middle ear develop separately
from the inner ear, the majority of inner ear malfor-
mations occur without any external or middle ear in-
volvement, and vice versa [2]. The diagnosis of dis-
eases of the middle and inner ear is usually based on a
variety of subjective and objective clinical symptoms
such as hearing loss, vertigo, tinnitus and nystagmus.
Although parts of the middle ear and its pathology can
be investigated by direct microscopy, the inner ear is
not directly accessible to clinical investigation. Patients
with chronic infections of the middle ear, conductive
hearing loss (CHL), tinnitus, otalgia, otorrhea and fa-
cial paresis or paralysis as a result of middle ear dis-
ease, post-traumatic CHL or sensorineural hearing loss
(SNHL), or recurrent CHL after prosthetic stapedec-
tomy are best depicted by computed tomography (CT)
[3-5]. Magnetic resonance imaging (MRI) is accepted
as the most sensitive imaging technique in patients
with inner ear malformations which present clinically
as SNHL, vertigo and tinnitus [2, 3, 6]. Therefore, in
the visualization of the auditory and vestibular system
and the clarification of congenital malformations,
petrous apex lesions, and mixed hearing loss, MRI and
CT are complementary [3]. Furthermore, the compli-
cated function of the middle and inner ear is reflected
by the complicated spatial anatomy, which can be diffi-
cult to conceptualize and interpret from a large num-
ber of planar high-resolution computed tomography
(HR-CT) or high-resolution magnetic resonance imag-
ing (HR-MRI) images [1]. Abnormalities and patho-
logical alterations also make their interpretation more
complicated.

This study aims to show the possibilities and advan-
tages of visualizing the auditory and vestibular system
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with image fusion utilising the advantages of both
computed tomography (CT) and magnetic resonance
imaging (MRI).

MARERIALS AND METHODS

PATIENTS

In a four months period, 10 consecutive patients (6
women and 4 men) suffering from conductive and/or
sensorineural hearing loss (n = 5), tinnitus (n = 3) and
vertigo (n = 2) were examined using high-resolution
computed tomography (HR-CT) and high-resolution
magnetic resonance imaging (HR-MRI). In each pa-
tient, both imaging procedures of the petrous bone
were performed as part of a clinical routine examina-
tion on the same day. Informed consent was obtained
from all patients. The mean age ± SD of the patients
was 45.0 ± 16.1 years.

CT DATA ACQUISITION

High-resolution computed tomography (HR-CT) ex-
aminations were performed using a 16-slice computed
tomography scanner (SENSATION® 16, Siemens
Medical Solutions, Erlangen, Germany). A lateral
scout-view was obtained for planning and determining
the location of the scanning volume. To reduce lens
radiation, data acquisition was performed parallel to
the hard palate. Scans of the petrous bone were ac-
quired in a cranio-caudal direction using a slice colli-
mation of 16 x 0.75 mm, tube voltage of 120 kV, tube
current of 240 mAs, table feed of 12.0 mm (Pitch = 1),
rotation time of 1.0 sec and a 512 x 512 matrix. No
contrast agent was administered. After data acquisi-
tion, the axial images of each side of the petrous bone
were reconstructed separately in order to reduce the
primary field of view to 60 mm, to decrease pixel size
and to provide high spatial resolution using a 0.3 mm
increment (voxel size 0.117 x 0.117 x 0.30 mm3). A
180° interpolation and high-resolution software algo-
rithm were used to emphasize bony details (Kernel
U80u very sharp).

MRI DATA ACQUISITION

High-resolution magnetic resonance imaging (HR-
MRI) examinations were performed with a 3.0 Tesla
MR scanner (MAGNETOM Trio®, Siemens Medical
Solutions) using a standard circularly polarized head
coil. Initially, to image at high spatial resolution, each
inner ear was separately examined using a three-di-
mensional-constructive interference in steady state
(3D-CISS) gradient-echo sequence. The parameters
for the 3D-CISS sequence were: repetition time TR =
8.97 msec, echo time TE = 4.64 msec, flip angle α =
48°, acquisition time TA = 7 min 37 sec. The high
spatial resolution with a voxel size of 0.39 x 0.39 x
0.40 mm3 was achieved by selective excitation of an
axial slab (thickness 25.6 mm, 64 partitions) and a 256
x 256 matrix for a 100 mm field-of-view. Phase encod-
ing was chosen in antero-posterior direction, and
phase oversampling of 25% was necessary to avoid
overfolding to the region of the inner ear.

Subsequently, a slice selective technique was used in
which a block including 20 axial T2-weighted as well
as native and contrast agent enhanced T1-weighted
images was recorded with turbo spin-echo (TSE) se-
quences using the standard protocol parameters as es-
tablished for inner ear examinations at 1.5 T (for T2-
weighting: TR = 4,000 msec, TE = 100 msec and for
T1-weighting: TR = 500 msec, TE = 15 msec). Imag-
ing was performed for both inner ears simultaneously
using a field-of-view that covered the entire head in
cross section. A slice thickness of 2.0 mm and an in-
plane resolution of 0.9 x 0.4 mm2 were used. For con-
trast agent enhanced imaging, Gd-DTPA was adminis-
tered intravenously at a concentration of 0.1 mmol/kg
bodyweight.

THREE-DIMENSIONAL (3D) RECONSTRUCTION

The HR-CT and HR-MRI data sets were transferred to
an independent high performance graphic computer
(EasyVision 5.1, Philips Medical Systems, Best, The
Netherlands). The resolution for HR-CT and HR-MRI
were a 512 x 512 matrix and a 256 x 256 matrix, re-
spectively. A color-coded shaded-surface display (SSD)
rendering method was used as the post-processing
technique, because only this reconstruction method al-
lowed a reliable image fusion of the CT and MRI data
sets. The computer program allowed for the magnifica-
tion of specific regions in the axial images. Each
anatomical structures of the middle and inner ear were
manually segmented from an researcher by drawing a
boundary line using the axial HR-CT and HR-MRI
source images, respectively. The voxels within the seg-
mentation area were automatically marked and used to
define the corresponding anatomical structure. After
complete segmentation, a surface model of the struc-
tures of interest was automatically constructed using
geometric primitives. The anatomical structures of the
auditory and vestibular system were color coded and
displayed using a shaded-surface rendering method,
such that the degree of transparency of each structure
could be varied. Each structure could thus be separate-
ly studied in detail as a 3D object, turned about any
axis and measured in terms of distance and volume.

IMAGE FUSION

The independent high performance graphic computer
(EasyVision 5.1, Philips Medical Systems) was used to
register the HR-CT and the 3D-CISS MRI volume
data sets using a semiautomatic point-based technique.
At least 7 anatomical landmarks had to be placed in
the same positions on the axial source images of both
imaging modalities. To perform the automatic super-
imposition of the CT and MRI images, the landmarks
had to have a high agreement (at least a 97% coinci-
dence). The superimposed color-coded shaded-surface
image fusion method allows the intensity of both stud-
ies to be adjusted independently.

IMAGE INTERPRETATION

The examinations were qualitatively evaluated by two
experienced observers. They described the middle and
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inner ear structures qualitatively with respect to the
clarity of the representation in the axial 2D source im-
ages of CT (W = 4000 HU; C = 800 HU), axial 2D
source images of MRI, the fused axial images of
CT/MRI and the fused color-coded SSD images of
CT/MRI. Finally, they qualitatively compared the mid-
dle and inner ear structures with respect to the clarity
of the spatial orientation in the fused axial images of
CT/MRI and the fused color-coded SSD images of
CT/MRI. Each case was read blindly and indepen-
dently using a score from 0 to + + + (0 = not visible,
+ = insufficient, + + = fair, + + + = optimal).

RESULTS

A total of 10 patients were studied with the main em-
phasis on the image fusion and visualization of the
structures of the middle and inner ear using CT and
MRI volume data sets. The thin contiguous axial HR-
CT (Fig. 1a, 2a) and HR-MRI (Fig. 1c, 2c) scans pro-
vided high quality images of the middle and inner ear
structures and permited high quality three-dimensional
reconstruction. Due to the relatively short scanning
times, artifacts resulting from patient movement did
not occur.

Using HR-CT, each anatomical structure of the
middle ear, including the membrana tympani, the
malleus and incus with their ligamentous suspensions,
stapes, the musculus stapedius, and the intraosseous
part of the facial nerve, could always be separately seg-
mented and coded with its own color. In one patient, a
congenital dislocation of the ossicular chain was
found. Using HR-MRI, each anatomical structure of
the inner ear, including the superior, lateral and poste-
rior semicircular canals, the vestibule, the cochlea with
its basilar membrane and the cranial nerves (facial
nerve and vestibulocochlear nerve) within the internal

auditory canal (IAC) and the cerebellopontine angle
(CPA), could always be separately segmented and also
coded with its own color. In one patient, an acoustic
neurinoma of the internal auditory canal was detected.

The rate-limiting step in the shaded-surface render-
ing image processing was the segmentation of the
anatomical structures of interest. Using the high quali-
ty interactive segmentation, up to 25 ± 5 minutes was
required for a complete color-coded shaded-surface
rendering of the middle (Fig. 1b, 2b) and inner ear
structures (Fig. 1d, 2d). The following image fusion of
HR-CT and HR-MRI axial source images (Fig. 1e, 2e)
required only a few seconds and takes the advantages
of both imaging procedures and improve the represen-
tation of the auditory and vestibular system (Table 1).
In comparison to the fused axial images of CT/MRI,
the color-coded shaded-surface rendered image fusion
(Fig. 1f, 2f) could display the middle and inner ear
structures in their complete form and their correct
topographic relationship to critical vascular, neural,
and other structures more realistically and improve the
spatial orientation (Table 2). 

DICUSSION

Computed tomography (CT) and magnetic resonance
imaging (MRI) are the two most important imaging
modalities for evaluation of the auditory and vestibular
system as well as their anomalies and pathologies.
Each of these modalities has specific advantages and
disadvantages, and are therefore complementary imag-
ing techniques. The ability to produce thin sections
and high spatial resolution images from CT and MRI
data sets are the indispensable prerequisites for de-
tailed morphological analysis of the complicated spa-
tial relationship of the sub-millimeter structures of the
middle and inner ear and open up new possibilities for
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Table 1. Qualitative assessment of the representation of the middle and inner ear structures (n = 20) in the axial 2D source im-
ages of CT and MRI compared with the fused axial CT/MRI (consensus readings).

axial CT axial MRI axial CT/MRI fusion

Middle ear structures
malleus + + + 0 + + +
incus + + + 0 + + +
stapes + + + 0 + + +

Inner ear structures
superior semicircular canal + + + + + + + +
lateral semicircular canal + + + + + + + +
posterior semicircular canal + + + + + + + +
vestibule + + + + + + + + +
cochlea + + + + + + + + +
basilar membran 0 + + + + + +
facial nerve

part in the IAC and CPA 0 + + + + + +
part in the petrous bone + + 0 + +

vestibulocochlear nerve 0 + + + + + +

Note.—Each case was read using a score from 0 to + + + (0 = not visible, + = insufficient, + + = fair, + + + = optimal).
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Fig. 1. Normal right middle and inner ear of a 18-year-old woman with tinnitus. (A) Axial HR-CT source image of the petrous bone at the level
of the malleus and incus using 16-slice computed tomography. (B) Lateral view of the color-coded shaded-surface rendering reconstruction of
the middle ear structures [malleus (blue) and incus (dark blue) with their ligamentous suspensions (white), stapes (light blue), membrana tympa-
ni (grey), intraosseous part of the facial nerve (yellow), M. stapedius (brown)]. (C) Axial HR-MRI source image of the petrous bone at the level
of the cochlea using a 3D-CISS sequence at 3.0 Tesla scanner. (D) Lateral view of the color-coded shaded-surface rendering reconstruction of
the inner ear structures [vestibulocochlear apparatus (semicircular canals, vestibulum and cochlea (red) with basilar membrane (blue)) and cra-
nial nerves (facial nerve (yellow) and vestibulocochlear nerve (orange)) within the internal auditory canal (IAC) and the cerebellopontine angle
(CPA)]. (E) Image fusion of source images from HR-CT and HR-MRI and (F) from the color-coded shaded-surface rendering reconstructions.
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Fig. 2. Intracanalicular acoustic schwannoma of the eight cranial nerve of the left inner ear in a 63-year-old woman with vertigo. There are no
erosions of the bony porus and IAC walls on the HRCT. (A) Axial HR-CT source image of the petrous bone at the level of the malleus and incus
using 16-slice computed tomography. (B) Lateral view of the color-coded shaded-surface rendering reconstruction of the middle ear structures
[malleus (blue) and incus (dark blue) with their ligamentous suspensions (white), stapes (light blue), membrana tympani (grey), intraosseous part
of the facial nerve (yellow), M. stapedius (brown)]. (C) Axial HR-MRI source image of the petrous bone at the level of the cochlea using a 3D-
CISS sequence at 3.0 Tesla scanner. (D) Lateral view of the color-coded shaded-surface rendering reconstruction of the inner ear structures
[vestibulocochlear apparatus (semicircular canals, vestibulum and cochlea (red) with basilar membrane (blue)) and cranial nerves (facial nerve
(yellow) and vestibulocochlear nerve (orange)) within the internal auditory canal (IAC) and the cerebellopontine angle (CPA)] and the intra-
canalicular acoustic schwannoma (gray). (E) Image fusion of source images from HR-CT and HR-MRI and (F) from the color-coded shaded-sur-
face rendering reconstructions.
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image post-processing. High-resolution computed to-
mography (HR-CT) is the modality of choice for the
imaging and evaluation of the fine bony architecture
of the middle and inner ear [7], while high-resolution
magnetic resonance imaging (HR-MRI) is the modality
of choice for the imaging and evaluation of the fluid-
filled spaces, soft tissue structures, nerval structures
and tumor staging of the middle and inner ear. There-
fore, to realistically depict the diagnostic, anatomical
and pathological information of the auditory and
vestibular system, data sets from both HR-CT and
HR-MRI are required. In comparison to the axial 2D
source images, 3D image post-processing provides an
excellent overview and an improved representation of
the complex spatial relationships of the individual
anatomical and pathological features of the middle and
inner ear structures [1].

CT is the method of choice for accurate visualiza-
tion and assessment of the status of the ossicles of the
middle ear and the osseous boundaries of the external
(EAC) and internal auditory canal (IAC), and the mid-
dle and inner ear [3, 4]. For clarification of the audito-
ry and vestibular system, scanning of thin sections
with high spatial resolution and special reconstruction
software is necessary. HR-CT allows enhancement of
bone details and makes it possible to delineate the
tympanic membrane, the bony microanatomy (defects,
displacement and erosions of the ossicles and the sus-
pensory ligaments), microcalcifications (tympanoscle-
rosis) or ossification (new bone formation) of soft tis-
sues in the middle ear, as well as enabling the detection
of middle ear and mastoid pneumatization, traumatic
changes (ossicular chain and temporal bone fractures)
and intraosseus pathologies [8, 9]. Therefore, CT is the
primary modality for the study of patients with kerato-
sis obturans, otosclerosis, otodystrophies, chronic oti-

tis media and cholesteatoma. A pre-operative CT pro-
vides important details about potential surgical routes
intended to drain or resect lesions, and to assess any
aberrance in the course of the facial nerve before any
surgical attempt to restore hearing [4, 10-13]. CT is
also the method of choice to evaluate the postopera-
tive middle ear and mastoid, to detect granuloma or fi-
brous tissue formation, recurrent otosclerosis, pros-
thesis subluxation, incus necrosis or dislocation and
fistula. In most cases, it is impossible, however, to dis-
tinguish between mucosa, fluid, cholesteatoma, granu-
lation tissue, neoplasms, fibrosis, and surgical scarring
and packing with CT, even when measurements of
densities are used [4].

In recent years, MR imaging has proven to be the
imaging method of choice for the assessment of soft-
tissue structures and fluid-containing structures of the
middle and inner ear, and it also has proven valuable in
the study of tumors of the temporal bone [3, 4, 14-17].
For investigation of the auditory and vestibular sys-
tem, routine MR sequences include (1) selective three-
dimensional Fourier transformation (3DFT) high-res-
olution gradient-echo images, (2) unenhanced and (3)
gadolinium (Gd)-enhanced T1-weighted (T1w) spin-
echo (SE) or turbo spin-echo (TSE) images through
the temporal bone and (4) T2-weighted (T2w) spin-
echo (SE) or turbo spin-echo (TSE) images of the
brain and brain stem [3]. T2w-SE images have to be
obtained prior to the administration of Gd to avoid
Gd-intensified flow artifacts [3]. MR data acquisition
of fluid-filled spaces of the inner ear is achieved by
high-resolution, heavily T2-weighted sequences, typi-
cally including a fast spin-echo (FSE) or gradient echo
3DFT-constructive interference in steady state (3DFT-
CISS) sequence [15, 18]. Numerous studies have
demonstrated the high contrast of very small struc-
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Table 2. Qualitative assessment of the representation and spatial orientation of the middle and inner ear structures (n = 20) in
the fused axial CT/MRI compared with the fused color-coded SSD CT/MRI (consensus readings).

axial CT/MRT fusion 3D CT/MRT fusion axial CT/MRT fusion 3D CT/MRT fusion
representation representation spatial orientation spatial orientation

Middle ear structures
malleus + + + + + + + + + + +
incus + + + + + + + + + + +
stapes + + + + + + + + + + +

Inner ear structures
superior semicircular canal + + + + + + + + + + +
lateral semicircular canal + + + + + + + + + + +
posterior semicircular canal + + + + + + + + + + +
vestibule + + + + + + + + + + +
cochlea + + + + + + + + + + +
basilar membran
facial nerve

part in the IAC and CPA + + + + + + + + + + +
part in the petrous bone + + + + + + + + + +

vestibulocochlear nerve + + + + + + + + + + +

Note.—Each case was read using a score from 0 to + + + (0 = not visible, + = insufficient, + + = fair, + + + = optimal).



tures and the excellent performance of 3DFT-CISS to
produce images depicting of subtle pathologic changes
of the inner ear and the cranial nerves within the inter-
nal auditory canal (IAC) and the cerebellopontine an-
gle (CPA) [2, 6, 18-20]. Some authors preferred the
FSE technique, because of reduced signal loss due to
susceptibility effects [15, 21]. The advent of 3DFT-
CISS sequences enabled the imaging of many struc-
tures that were previously not visible. The facial nerve,
the three branches of the vestibulocochlear nerve in-
side the internal auditory canal, the anterior inferior
cerebellar artery (AICA) loop in the cerebellopontine
angle and internal auditory canal, the scala tympani
and vestibuli in the different cochlear turns, the
vestibule with the utricular nerve, the semicircular
ducts and their ampullae, the fluid in the endolym-
phatic sac and duct, and the vessels in the subarcuate
canal are some structures that can now be visualized in
a reliable manner [18]. The high-resolution T2-weight-
ed gradient-echo (3D-CISS) images are able to reliably
detect the narrowing of the cochlea and intral-
abyrinthine fluid spaces, congenital inner ear malfor-
mations, vestibulocochlear nerve hypoplasia or aplasia,
as well as showing the relationship of the vessels to
the nerves when a vascular compression of the
vestibulocochlear nerve is suspected and to diagnose
fibrous obliteration of the inner ear [7, 18]. The unen-
hanced T1w-sequences are the method of choice to vi-
sualize the labyrinthine, tympanic and mastoid seg-
ment of the facial nerve and the greater superficial
petrosal nerve and to recognize hyperintensity inside
the labyrinth caused by the presence of blood (trauma-
labyrinthitis-cholesterol granuloma), fat (lipoma) or in-
creased protein (schwannoma). A subtle increase in
signal intensity in cases of schwannoma is a reliable
sign aiding in the differentiation with neuritis. The
Gd-enhanced T1w-sequences are the modality of
choice, not only for the evaluation of small tumors in
the cerebellopontine angle and internal auditory canal
[11, 22, 23], but also for the reliable detection of tu-
mors (meningioma, schwannoma, metastasis, lym-
phoma, glioma, melanoma, epidermoid, arachnoid
cyst), vascular lesions or tumors (vertebrobasilar
dolichoectasia, sigmoid sinus thrombosis, vascular
loops, aneurysms, hemangioma), inflammatory
processes (cholesteatoma (also residual and recurrent
disease), labyrinthitis, neuritis, meningitis, epidural and
brain abscess), traumatic changes (perilymphatic fistu-
las and damaged facial nerve segment), meningeal hy-
peremia or invasion, subarachnoid seeding and in-
tracranial and intracerebral extension of diseases [14,
24-26]. The T2w-sequences are most sensitive for vi-
sualization of peritumoral edema, peritumoral arach-
noid cyst formation and facial nerve lesions at the nu-
clear or supranuclear level [2, 3, 17, 18]. They are used
to reliably exclude vertebrobasilar ischaemia and de-
myelinating disease in the brain, auditory cortex, brain
stem and cerebellum and to further characterize tu-
mors or bone lesions. Inspite of this, MRI is relatively
insensitive to the presence of ossicular abnormalities
and subtle bone erosions and calcifications. Imaging
problems of the inner ear have arisen from incomplete
data acquisition, motion and pulsation artifacts (inter-
nal carotid, basilar and vertebral arteries), fluid-retain-

ing mastoid cells close to the inner ear and post-opera-
tive signal alterations [27].

CT and MR imaging are complementary in patients
with inner ear malformations, such as syndromal inner
ear dysplasia with associated middle ear pathology, or
in cases in which high grade bony inner ear oblitera-
tion prevents the differentiation of dysplasia from
post-inflammatory obliteration, or in the assessment
of sensorineural hearing loss [3, 27-29]. The imaging
methods are also complementary for the differentia-
tion between congenital aplasia and labyrinthitis ossifi-
cans and between fibrous and calcified obliteration in
patients requiring cochlear implants [2], as well as in
the adequate examination of the complex course of
the facial (seventh) nerve from the cerebellopontine
angle to the final division [7, 30]. Both imaging meth-
ods are often required in the preoperative differentia-
tion of solid tumors (meningioma, hemangioma and
schwannoma) and the determination of the involved
anatomical structures and the extension of disease. CT
may show calcifications (subtle in case of chordoma
and larger in case of chondrosarcomas) and detect
subtle bony changes, and therefore, provides more in-
formation when tumor lesions are small and confined
to the middle ear and possible surgical routes must be
evaluated. The primary role of MR imaging is to study
large lesions, lesions of the outer ear and the skull
base, lesions completely confined to the soft tissues
and the invasion of lesions to adjacent soft tissue and
brain [31, 32]. CT and MRI are complementary in re-
current SNHL or vertigo in patients with prosthesis,
because CT can demonstrate abnormal penetration of
the prosthesis in the labyrinth, a pneumolabyrinth, or
ossification of the labyrinth, whereas MRI is more reli-
able in detecting acute labyrinthitis, intravestibular fi-
brosis formation, and Gd-enhancement inside of the
labyrinth in cases of a perilymph fistula [24].

Since the structures of the middle and inner ear are
oriented three-dimensionally, data acquisition has to
be taken in more than one plane for a thorough evalu-
ation, because no single orientation allows compre-
hensive the optimal evaluation of these structures [4].
The commonly used axial slices allow the patient to lie
comfortably during data acquisition and allows the ex-
aminer a better comparison with the contralateral tem-
poral bone. Nevertheless, the axial image representa-
tion is not ideal for understanding the 3D anatomy
and abnormalities, and pathological findings can make
their interpretation more complicated. There are dif-
ferent data post-processing techniques to visualize the
middle and inner ear. The maximum intensity projec-
tion (MIP) from 3D CISS sequence reduces the com-
plex 3D inner ear structures to various 2D projection
images and produce a pseudo 3D visualization of the
inner ear and their malformations, which lacks impor-
tant depth information [2]. There are two fundamen-
tally different methodical approaches for generating
3D image processing, which also form the basis of vir-
tual endoscopy. These are the surface rendering and
the volume rendering approach [33, 34]. In surface
rendering, the image information of the volume data
set is provided with a weighting related to the impor-
tance of the defined and segmented structures of in-
terest. This method requires an operator for the seg-
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mentation in order to create the surface models. The
volume rendering method preserves all the image in-
formation of the whole CT volume data set by facili-
tating direct 3D visualization of the volume data set.

CONCLUSION

Computed tomography (CT) and magnetic resonance
imaging (MRI) are complementary imaging modalities
in the visualization of anatomical findings and patho-
logical changes of the auditory and vestibular system.
CT is superior to MRI in assessing fine bony details
and in identifying microcalcifications. MRI is superior
to CT in evaluating soft tissue and fluid-filled spaces
and provides the option of imaging the brain stem and
the auditory cortex [2, 3, 10, 17, 18]. Therefore, a real-
istic and individual depiction of the complex anatomi-
cal relationships requires a 3D image fusion of HR-CT
and HR-MRI data sets. High quality 3D image fusion
data processing provides the necessary diagnostic in-
formation without detailed analysis and presentation
of axial source images of different imaging modalities
and will increase the acceptance and diagnostic value
of HR-CT and HR-MRI for middle and inner ear dis-
eases in the clinical practice.
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