
WITeLibrary
Home of the Transactions of the Wessex Institute.

Papers presented at Modelling in Medicine and Biology VI are archived in the
 WIT eLibrary in volume 8 of WIT Transactions on

Biomedicine and Health (ISSN 1743-3525).

The WIT eLibrary provides the international scientific community with immediate and
permanent access to individual papers presented at WIT conferences.

Visit the WIT eLibrary at www.witpress.com.

WIT Press publishes leading books in Science and Technology.
Visit our website for new and current list of titles.

www.witpress.com

Modelling in Medicine
and Biology VI



M.W. Collins
South Bank University
UK

L.J. Leon
University of Montreal
Canada

F. Grandori
Politecnico di Milano
Italy

K. Held
Harvard Medical School
USA

P.R. Johnston
Griffith University
Australia

M. Karlsson
Linkoping University
Sweden

C.J. Lumsden
University of Toronto
Canada

T.B. Martonen
US Environmental Protection Agency
USA

F. Neumann
University of Vienna
Austria

R. Pietrabissa
Politecnico di Milano
Italy

M. Tanaka
Shinshu University
Japan

Y. Xu
Imperial College of Science,
Technology & Medicine
UK

S.T. Tadano
Hokkaido University
Japan

Computational Bioengineering
EDITORIAL BOARD

H. Power
University  of  Nottingham
UK



INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

Organised by
Wessex Institute of Technology, UK.

Dept. of Electronics, Computer Science and Systems,
Bologana, Italy.

CONFERENCE CHAIRMEN

M. Ursino
University of Bologna, Italy

C.A. Brebbia
Wessex Institute of Technology, UK

G. Pontrelli
Istituto per le Applicazioni del Calcolo - CNR, Italy

E. Magosso
University of Bologna, Italy

Sponsored by
WIT Transactions on Biomedicine and Health.

SIXTH INTERNATIONAL CONFERENCE
ON MODELLING IN MEDICINE AND BIOLOGY

BIOMEDICINE VI

C Amon
P R Johnston

V Kulish
F Lagasco

T B Martonen
R M Shoucri
J A O Simoes

A Tura
J Vander Sloten

P Verdonck





EDITORS:

Modelling in Medicine
and Biology VI

M. Ursino
Dipartimento di Elettronica, Informatica e Sistemistica,

University of Bologna. Italy

C.A. Brebbia
Wessex Institute of Technology, UK

G. Pontrelli
Istituto per le Applicazioni del Calcolo - CNR, Italy

E. Magosso
Dipartimento di Elettronica, Informatica e Sistemistica,

University of Bologna, Italy



Published by

WIT Press
Ashurst Lodge, Ashurst, Southampton, SO40 7AA, UK
Tel: 44 (0) 238 029 3223; Fax: 44 (0) 238 029 2853
E-Mail: witpress@witpress.com
http://www.witpress.com

For USA, Canada and Mexico

Computational Mechanics Inc
25 Bridge Street, Billerica, MA 01821, USA
Tel: 978 667 5841; Fax: 978 667 7582
E-Mail: infousa@witpress.com
http://www.witpress.com

British Library Cataloguing-in-Publication Data
A Catalogue record for this book is available
from the British Library

ISBN:  1-84564-024-1
ISSN: 1747-4485 (print)
ISSN: 1743-3525 (on-line)

                The texts of the  papers in this volume were set
                individually by the authors or under their supervision.
                Only minor corrections to the text may have been carried
                out by the publisher.

No responsibility is assumed by the Publisher, the Editors and Authors for any injury and/
or damage to persons or property as a matter of products liability, negligence or otherwise,
or from any use or operation of any methods, products, instructions or ideas contained in the
material herein.

© WIT Press 2005.

Printed in Great Britain by Cambridge Printing.

All rights reserved.  No part of this publication may be reproduced, stored in a retrieval
system, or transmitted in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the Publisher.

M. Ursino
University of Bologna. Italy
C.A. Brebbia
Wessex Institute of Technology, UK
G. Pontrelli
Istituto per le Applicazioni del Calcolo - CNR, Italy
E. Magosso
University of Bologna, Italy



Preface
This book contains the papers presented at the “Sixth International Conference on
Modelling in Medicine and Biology” (Biomedicine 2005) held at Bologna in
September 2005, and organized by the Department of Electronics, Computer Science
and Systems, University of Bologna, Italy, and the Wessex Institute of Technology,
Southampton, UK.

Mathematical models and computer simulation techniques have been playing
an increasing role in biological and medical research during the last decades, and
their impact is certainly going to increase further in future years. There are several
reasons which make models so important in medicine and biology. First, biological
systems are exceptionally complex, including aspects such as redundancy, non-
linearities, hierarchical organization, mutual interconnections among different parts,
individual variability. All these aspects, and many others not mentioned here for the
sake of brevity, make very difficult to reach a comprehensive understanding of their
working in purely qualitative terms. We claim that, the higher the complexity of a
system, the more important the role that mathematical models and computer simulation
techniques should play to reach a definite appreciation of its behavior.

A second fundamental aspect is the sophistication of the biomedical
instrumentation available today. Modern instruments, in the most different clinical
fields, now allow simultaneous monitoring of different quantities, and integration of
anatomical, metabolic and functional aspects into a comprehensive vision. A complete
exploitation of all this information, and its coherent integration may be strongly
improved by mathematical models and computer support. Computers are becoming
essential parts of the present medical instrumentation, and the core of these programs
should be based on a definite modelisation of the system under study.

Finally, diagnostic procedures are becoming increasingly complex, requiring
processing of multiple data, often with different physiological meaning, and
sophisticated decision algorithms. Mathematical models are becoming essential
parts of many diagnostic procedures, and this aspect may become a target of future
modeling efforts.

According to the previous overview, there are several essential benefits that
mathematical models can offer to biological and medical research. They may improve
out basic knowledge of many physiological systems, may contribute to the
development of new diagnostic and therapeutic tools, and to the design of innovative
instrumentation. These advancements interest a broad spectrum of medical/clinical



subjects: cardiovascular systems and fluid dynamics, neural systems and
neuroprothesis, artificial organs, surgery, orthopedics, imaging, etc. The papers
presented  in this book, coming from the research activity of several different groups
located all over the world, represent a good although not exhaustive example of the
possibilities offered by computational modeling in the present medical activity. The
subjects of these papers range from basic science (i.e., a comprehension of the
system working) to the design of instrumentation, from advanced diagnostic
procedures to prosthesis design. In order to facilitate the consultation of the book
by experts in different fields, the papers have been arranged in sessions according
to their main biological or medical application. The sessions cover: simulation of
physiological processes, cardiovascular system, neural systems, biomechanics,
computational fluid mechanics in biomedicine, orthopaedics and bone mechanics,
simulations in surgery, advanced technology in dentistry, data acquisition and
analysis, image processing.

The Editors wish to thank the authors for their excellent contributions, and the
members of the international scientific advisory committee for their valuable support.
We expect that this book may widens attention of the scientific community into this
new and rapidly expanding field, by improving awareness of medical professionals
on the benefits that computer simulations may produce in their daily work. Finally,
we wish to underline that development of biomedical models requires a
multidisciplinary effort, including expertise from different subjects, such as
engineering, mathematics, physics, medicine, biology, informatics. This is a very
exciting and stimulating aspect of this activity, in an epoch in which specialization
and a lack of synthetic attitudes are becoming a characteristic, and sometimes a
limitation, of the present scientific thought.

The Editors
Bologna, 2005
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