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Visualization of the middle ear and adjacent structures
using reconstructed multi-slice CT datasets, correlating 3D images
and virtual endoscopy to the 2D cross-sectional images

Multi-slice computerized tomography (MSCT) is considered to provide superior image qual-
ity. The recently introduced MSCT technology has improved spatial resolution in the Z axis as well
as scan speed in computed tomography. Three-dimensional rendering of high-resolution MSCT
data of the petrous bone may be expected to provide endoluminal views of superior image quality,
thus competing with transtympanic endoscopy (otoendoscopy).

Virtual endoscopy is a computer-generated simulation of fiberoptic endoscopy, and its appli-
cation to the study of the middle ear has been proposed in a few recent papers. The need to repre-
sent the middle ear anatomy by means of virtual endoscopy arose from the increased interest
of otolarygologists in transtympanic endoscopy. In fact, this imaging method allows the visualiza-
tion of middle ear anatomy with high detail, but it is evasive and is essentially used for surgical
guidance. Virtual endoscopy provides similar perspectives of the tympanic cavity but does not
require the tympanic perforation.

This work uses a new programme for producing 3D radiological images acquired by
means of computed tomography (CT), which enables the internal surfaces of the exam-
ined structures to be visualized. This new method, which is able to navigate inside or-
gans in a similar way to fibreoptic endoscopy, is known as virtual endoscopy. We ap-
plied this new technique to the middle ear because this anatomical area is characterized
by favourable contrast, in order to achieve detailed information concerning ossicular

chain and tympanic cavity.

MATERIAL AND METHODS

This study was conducted at the University Teaching Hospital No 4 in Lublin. Fifty-eight ears
were examined during 10-month period (from 1 October 2003 until 1 August 2004). All patients
came from the Department of Otolaryngology Head and Neck Surgery, University Teaching Hos-
pital in Lublin, with the initial diagnosis of conductive hearing loss. CT examinations of the
petrous bone were obtained using 1.25 mm thick coronal axis slices, with | mm table feed,
120 kV, 140-170 mA and 2 s scan time. All examinations were performed using multislice CT
equipment (8-row GE Light Speed Ultra Advantage). The images were reconstructed with the high
resolution algorhythm for bony structures and a small field of view (9.6 cm), separately for the
right and left petrous bone. The images were then transferred on a separate workstation and proc-
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CONCLUSIONS

Virtual endoscopy is a term used to describe computer simulated endoscopy proce-
dures derived from high resolution images of patient anatomy. By simulating the endo-
scopic examination, the patient is spared the discomfort and possible complications of an
actual examination. The physician also has more flexibility in a virtual endoscopic ex-
amination of 3D patient data in comparison to a real endoscopic examination.

Virtual endoscopy removes the physical and physiologic constraints of real endo-
scopy and can create views that are not possible in an actual endoscopic examination.
This may enhance the performance of actual endoscopic examinations. Virtual endo-
scopy may also be used to perform "numerical biopsies" and anatomic measurements
such as size, distance, shape, and density. Virtual endoscopy allows the physician to
comprehensively explore the patient anatomy using an intuitive and interactive interface.
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SUMMARY

The aim of the article was to assess the value of high-resolution multislice computed tomo-
graphy (MSCT) for the visualization of ossicular chain and middle ear cavity. The study consisted
of 56 ear examinations of 28 consecutive patients with conductive hearing loss. The examination
was performed using multi-slice helical CT scanner — 8-row Light Speed Ultra Advantage. The
data were transferred to a workstation for post processing, with the use of software Volume Ren-
dering (GE) in order to generate standardized virtual endoscopic views and multiplanar reconstruc-
tions. As a result, virtual surgical views of the middle ear cavity were obtained, as well as accurate
3D images of ossicular chain. Virtual endoscopy allowed identification of the anatomy of ossicles.
Ossicular chain elements were successfully investigated, as well as middle ear cavity walls and
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adjacent structures. Unfortunately, virtual endoscopy could not demonstrate soft tissue and
changes of the tympanic membrane. CT multiplanar reconstructions and virtual endoscopy clearly
demonstrated a two-and three-dimensional image of auditory ossicular chain. It proved to be use-
ful in evaluating anatomical details. Clinical applications of this method still have to be defined,
though it might play an important role in presurgical evaluation and diagnosis.

Obrazowanie ucha $rodkowego oraz struktur przyleglych z zastosowaniem wiclorzgdowej
tomografii komputerowej oraz korelacja obrazéw 3D i wirtualnej endoskopii
z przekrojami poprzecznymi 2D

Celem pracy byla ocena mozliwosci diagnostycznych wielorzgdowej tomografii komputero-
wej wysokiej rozdzielczosci (MSCT) w obrazowaniu lancucha kosteczek stuchowych oraz jamy
ucha $rodkowego. Wykonano 58 badan u 28 pacjentéw z niedostuchem spowodowanym zaburze-
niami przewodzenia. Badania przeprowadzono przy pomocy aparatu wielorzgdowej tomografii
komputerowej LightSpeed Ultra Advantage 8-row. W celu dalszej analizy dane przesylane byly na
konsol¢ diagnostyczna, gdzie przy uzyciu oprogramowania Volume Rendering (GE) uzyskiwano
obrazy 3D w opcji wirtualnej endoskopii oraz rekonstrukcje wieloptaszczyznowe. Uzyskano wir-
tualne obrazy jamy ucha $rodkowego, jak réwniez dokladne, tréjwymiarowe obrazy kosteczek
tanicucha stuchowego. Wirtualna endoskopia umozliwita identyfikacj¢ oraz oceng anatomii koste-
czek stuchowych. Poddano dokladnej ocenie elementy lancucha shuchowego, $ciany jamy ucha
$rodkowego oraz przylegle struktury. Niestety, wirtualna endoskopia nie pozwolila na zobrazowa-
nie tkanek migkkich oraz zmian patologicznych blony bebenkowej. Wieloptaszczyznowe rekon-
strukcje tomografii komputerowej wraz z wirtualng endoskopia umozliwiaja uzyskanie dwu-
i tréjwymiarowych obrazéw kosteczek stuchowych. Rekonstrukcje wieloplaszczyznowe i tréjwy-
miarowe moga by¢ bardzo uzyteczne do oceny szczegélow anatomicznych ucha $rodkowego.
Chociaz zastosowania kliniczne tego typu badan nie zostaly jeszcze ostatecznie ustalone, moga
one odgrywac w przysztosci istotna rolg w ocenie zmian przed zabiegiem chirurgicznym.



