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Foreword to the Second Edition

Visual Computing for Medicine is an excellent textbook for students, researchers, and practitioners in the field of
medical visualization. It is an authoritative resource for medical experts and technical personnel as well.

The book is the sequel to the highly successful first edition which immediately established itself as the
reference work in this rather new and vibrant research topic in medical informatics. Dirk Bartz as one of
the co-authors of the first edition unfortunately and untimely passed away in 2010. This left a sorely felt
void in our community and prevented him from collaborating on the second edition.

This second edition provides a substantially updated, restructured, and extended view on the current
state of the field. In a recent talk Donald Knuth, the preeminent computer scientist, was asked about relevant
open research directions in computer science, After some reflections, he said that medical visualization was
one of the important topics in this respect. This was good to hear, though he quickly (and regrettably) added
that according to his opinion not many problems have been solved yet. I take the liberty to slightly disagree
and put this textbook forward as compelling and written evidence to the contrary. And what an evidence it
is! On over one-thousand pages the authors survey the intensive and rapid developments in our area. The
relatively short period between first and second edition and the considerable amount of added material in
extent and volume are very clear indications of the fast-paced evolution of visualization in medicine.

The book is concerned with diagnosis, treatment, and therapy planning with a focus on the currently
most prevalent 2D and 3D imaging modalities. It thoroughly discusses the elaborate pipeline from data
acquisition, analysis, and interpretation to advanced volume visualization and exploration techniques.
Human computer interaction in the context of medical visualization has been covered in detail and
encompasses significant topics like volume interaction, labeling, and measurement. Important applica-
tion areas and advanced visualization techniques for blood vessels, virtual endoscopy, ENT surgery plan-
ning, perfusion, and diffusion data are extensively dealt with.

The book is very well structured, where the 22 chapters are grouped into five focal themes. The
authors primarily organize the book according to techniques as most of these are applicable to a variety
of medical tasks. Some of the material has been combined into completely new chapters like the one
on projection-based medical visualization techniques. Hints at further readings at the end of each chap-
ter point the interested reader to additional useful material not discussed within the chapter. Various
advanced topics, which are of interest to the software engineer but are maybe too detailed for the gen-
eral audience, are included in clearly marked break-out sections. The substantial reference list is another
eloquent testimony of the breadth and depth of the topic.

The authors are highly recognized experts in the field of medical visualization. They have achieved the
impressive feat of comprehensively covering a dynamic and rapidly emerging subject. The book provides
informative, broad, and didactically well-organized information for specialists from diverse areas of
expertise. The book will be the standard guide to medical visualization for years to come.

Dr. Eduard Groller
Vienna University of Technology
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Preface to the Second Edition

This second edition of “Visualization in Medicine™ reflects the dynamic development of medical imag-
ing, algorithmic processing and applications in medical research and clinical use after 2006. After the
tragic passing of Dirk Bartz in March 2010, Charl Botha stepped in to prepare this new edition. In
addition to careful rewriting of all chapters, we added a number of completely new chapters and reor-
ganized and updated others significantly. Advances in imaging technology, e.g., hybrid devices, ultra
high field MRI, intraoperative imaging, and the trend towards interventional procedures, are reflected
in various parts of the book.

Since more and more advanced applications, e.g., in processing the complex multi-modal data of
cardiac or neuroradiological MRI, have entered the stage of routine clinical use, human-computer
interaction is becoming increasingly important. A comprehensive chapter was added to introduce HCI
concepts with applications in medicine, incorporating recent interaction styles and technology. Also
the chapter related to clinical practice was strongly extended by discussing also nuclear medicine,
radiation treatment and medical team meetings in addition to the classical diagnostic settings.

Another essential trend is the combination of biomedical simulations with advanced visual explora-
tion. As a consequence, we prepared a chapter that introduces basic techniques, such as the generation
of simulation grids from medical imaging data and flow visualization, to explore the results. We study
a number of specific applications, such as the simulation of blood flow to better predict the success of
treatment options.

While the first edition of this book was focused on visual exploration, we have added discussions of
data analysis techniques and their integration in what is widely called “visual analytics”. This relates,
e.g., to cluster analysis and dimension reduction. We discuss these techniques in relation to high-
dimensional data, such as perfusion data and diffusion tensor imaging data. They are, however, also
relevant for volume classification, the basic process of assigning transfer functions to medical volume
data.

Computer-assisted surgery (CAS), one of the most essential applications for medical visualization
technology, has matured in the last decade. We use experiences gained in the design and evaluation of
such systems to prepare a general introductory chapter on CAS, followed by chapters treating selected
application areas, such as orthopedics. Intraoperative imaging and intraoperative guidance have grown
in importance in the last years. The chapter devoted to this topic was significantly extended, e.g., with
techniques developed for soft-tissue surgery. Even the chapters discussing basic medical visualization
techniques, such as surface and direct volume rendering, deserved a careful revision.

Among others, GPU-based techniques play a more prominent role now. GPU-based rendering
enables a huge step in improving image quality without compromising performance. We discuss how
these improvements are employed, e.g., in virtual endoscopy—another chapter that could be improved
by taking advantage of many new and refined techniques.



Xxii PREFACE TO THE SECOND EDITION

The increasing size and complexity of medical image data motivated the development of visualiza-
tion techniques that radically differ from the classical surface and volume rendering techniques. To
convey the complex information of medical flow data along with the relevant anatomy, for example,
benefits from illustrative techniques that render the anatomy sparsely. Thus, illustrative rendering plays
a more prominent role in this second edition discussing the extraction of various features from medical
volume data and related meshes as a basis for rendering.

A second radically new class of visualization techniques are map-based techniques. While some
isolated techniques, such as stretched curved planar reformations of vascular structures, have been
introduced more than a decade ago. we can now discuss this topic in a more general fashion in a
separate chapter. DTI was rather new when the first edition was prepared. It is meanwhile a mature
technique that is discussed in a wider scope as one out of several techniques to understand brain
connectivity.

Medical education in anatomy, interventional radiology and surgery remains an important use case
of visual computing. One comprehensive chapter is dedicated to such applications with a focus on
recent trends, such as web-based training platforms, and (automatic) skills assessment.

Companion Website

Visit this book’s companion website for this work: http://medvisbook.com/
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