
MEDICAL RADIOLOGY 
Diagnostic Imaging 

Editors: 
A. L. Baert, Leuven 

K. Sartor, Heidelberg 



Springer 
Berlin 
Heidelberg 
New York 
Barcelona 
Hong Kong 
London 
Milan 
Paris 
Tokyo 



D. Caramella . C. Bartolozzi (Eds.) 

3D Image 
Processing 
Techniques and 
Clinical Applications 

With Contributions by 

W. Backfrieder . I. Baeli . R. J. Bale· E. Balogh· I. Bargellini . C. Bartolozzi . A. V. Bartroli 
S. Berrettini . E. Bichi Secchi . W. Birkfellner . A. Blum Moyse· P. Boraschi . D. Brennan 
J. Bruzzi· G. Gampori . C. Cappelli· D. Caramella . M. Cartellieri . C. Catalano· D. Cioni 
M. Citardi . A. Cotten· L. Crocetti . M. Danti . H. M. Fenlon· F. Fraioli· M. P. Fried 
C. Gianni· R. Gigoni . E. Gobbetti . R. Hanel· F. Iafrate· R. Iannaccone· S. Iochum 
G. Israel· A. Jackson· N. W. John· F. A. Jolesz . J. Kettenbach . R. Kikinis . D. Kovacevic 
A. Laghi . P. F. La Palombara . R. Lencioni· M. E. Leventon . S. Lodovigi . S. Loncaric 
W. E. Lorensen· M. Macari· A. Malvisti· M. Marcacci· L. Martl-Bonmatl· V. M. Moharir 
A. Napoli· E. Neri . L. Nofrini . W. L. Nowinski· L. G. Nyhl· K. Palagyi . M. Panconi 
V. Panebianco· R. Passariello . F. Pediconi . M. Perri· S. Picchietti . H. Ringl . L. Salvolini 
R. Scateni . A. G. Schreyer· S. Sellari Franceschini· R. Shahidi . E. Sorantin . C. Spinelli 
M. Subasic· N. A. Thacker· P. Vagli· S. K. Warfield· G. Zanetti 

Foreword by 

A.L.Baert 

With 216 Figures in 411 Separate Illustrations, 185 in Color 

, Springer 



DAVIDE CARAMELLA, MD 
CARLO BARTOLOZZI, MD 
Diagnostic and Interventional Radiology 
Department of Oncology, Transplants, and Advanced Technologies in Medicine 
University of Pisa 
Via Roma 67 
56100 Pisa 
Italy 

MEDICAL RADIOLOGY' Diagnostic Imaging and Radiation Oncology 
Series Editors: A. L. Baert . L. W. Brady· H.-P. Heilmann· F. Molls· K. Sartor 

Continuation of 
Handbuch der medizinischen Radiologie 
Encyclopedia of Medical Radiology 

ISBN-13:978-3-642-63977-7 Springer-Verlag Berlin Heidelberg New York 

Library of Congress Cataloging-in-Publication Data 

3D image processing: techniques and clinical applications 1 D. Caramella, C. Bartolozzi 
{eds.}; with contributions byW. Backfrieder ... let al.] ; foreword by A. 1. Baert. 

p. ; cm. - {Medical radiology} 
Includes bibliographical references and index. 
ISBN-13:978-3-642-63977-7 e-ISBN-\3:978-3-642-59438-0 
DOl: 10.1007/978-3-642-59438-0 

I. Three-dimensional imaging in medicine. 2. Image processing. I. Caramella, D. II. 
Bartolozzi, C. {Carlo}, 1947- III. Series. 

[DNLM: I. Image Processing, Computer-Assisted. 2. Diagnostic Imaging-methods. 
WN 180 Z999 2002] 
R857.T47 A125 2002 
616.07'54-dc21 2001049859 

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is concerned, specifi
cally the rights of translation, reprinting, reuse of illustrations, recitations, broadcasting, reproduction on microfilm or 
in any other way, and storage in data banks. Duplication of this publication or parts thereof is permitted only under the 
provisions of the German Copyright Law of September 9, 1965, in its current version, and permission for use must always 
be obtained from Springer-Verlag. Violations are liable for prosecution under the German Copyright Law. 

Springer-Verlag Berlin Heidelberg New York 
a member of BertelsmannSpringer Science+Business Media GmbH 

httpllwww.springer.de 
© Springer-Verlag Berlin Heidelberg 2002 
Softcover reprint of the hardcover 1st edition 2002 

The use of general descriptive names, trademarks, etc. in this publication does not imply, even in the absence of a specific 
statement, that such names are exempt from the relevant protective laws and regulations and therefore free for general 
use. 

Product liability: The publishers cannot guarantee the accuracy of any information about dosage and application contained 
in this book. In every case the user must check such information by consulting the relevant literature. 

Cover-Design and Typesetting: Verlagsservice Teichmann, 69256 Mauer 

SPIN: 107 657 09 2113130 - 5432 1 0 - Printed on acid-free paper 



Foreword 

The introduction of computer applications in medical imaging has had a tremendous 
impact on routine radiological practice in recent years. The possibilities for image pro
cessing, presentation and transmission of digitally acquired radiological data are now 
almost without limits. 

This book sets out to provide a sorely needed update of our knowledge of the diag
nostic potential of 3D imaging and the virtual rendering of images and constitutes a 
welcome addition to our series Medical Radiology, which aims to cover all important 
aspects of clinical imaging in modern diagnostic radiology. 

The editors and the contributing authors have striven to focus not only on the theo
retical foundations of digital imaging but also on the clinical value of these new meth
ods. Therefore this volume should be of great interest not only to diagnostic radiologists 
but also to surgeons. 

Davide Caramella and Carlo Bartolozzi have been involved in digital radiological 
techniques for many years, and the department of radiology of the University of Pis a 
has played a leading pioneer role in exploring the clinical potential of this new technol
ogy. Their own excellent knowledge and expertise has enabled them to engage a very 
distinguished group of internationally known experts in digital imaging as contribu
tors. I would like to congratulate them most sincerely for this outstanding volume, its 
comprehensive contents as well as its superb illustrations. 

I trust this book will meet with the same great success as previous volumes in the 
series. 

Leuven ALBERT 1. BAERT 



Preface 

In recent times, few fields in medicine have witnessed such impressive progress as the 
application of computers to radiology: digital acquisition, display, management and pro
cessing of diagnostic images have revolutionized the practice of radiology and have 
determined a growing interest in this field on the part of other medical professionals 
also. 

In particular, post-processing and 3D reconstruction of diagnostic images not only 
satisfy an aesthetic requirement of radiologists: they have become a necessary tool for 
the representation of complex anatomical structures and for the understanding of path
ological changes in terms of both morphology and function. This is crucial if we con
sider that the volume of native images produced with new-generation cross-sectional 
techniques has become increasingly large. 

Also the requirements of referring physicians have changed accordingly. Today they 
not only ask for the "simple" radiological diagnosis accompanying a series of native 
images; they also request the availability of reconstructed images that allow better 
appreciation of the disease process, appropriate selection of treatment options, and 
accurate planning of procedures. 

This book, written by leading experts worldwide, provides a comprehensive and up
to-date overview of the role of 3D image processing, covering the introductory techni
cal aspects and then providing in-depth analysis of the main clinical applications. Final 
chapters discuss the evolutionary aspects of this challenging new area of the radiologi
cal sciences, by focusing on recent developments in functional imaging and computer
aided surgery. 

We hope that this book, which is the expression of the enthusiastic commitment of 
many distinguished colleagues, will fulfil the expectations of all medical professionals 
who are interested in this very important field. 

Finally, we would like to express our deep appreciation to the Medical Radiology 
series Editor, Prof. Albert Baert, and thank most sincerely all the authors for having spent 
so much time and effort in preparing truly outstanding contributions. 

Pisa DAVIDE CARAMELLA 

CARLO BARTOLOZZI 
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