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Summary 
Background: Medical image computing is of 
growing importance in medical diagnostics 
and image-guided therapy. Nowadays, image 
analysis systems integrating advanced image 
computing methods are used in practice e.g. 
to extract quantitative image parameters or 
to support the surgeon during a navigated 
 intervention. However, the grade of auto-
mation, accuracy, reproducibility and robust-
ness of medical image computing methods 
has to be increased to meet the requirements 
in clinical routine.  
Objectives: In the focus theme, recent devel-
opments and advances in the field of model-
ing and model-based image analysis are de-
scribed. The introduction of models in the 
image analysis process enables improve-
ments of image analysis algorithms in terms 
of automation, accuracy, reproducibility and 
robustness. Furthermore, model-based image 
computing techniques open up new perspec-
tives for prediction of organ changes and risk 
analysis of patients. 
Methods: Selected contributions are as-
sembled to present latest advances in the 
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field. The authors were invited to present their 
recent work and results based on their out-
standing contributions to the Conference on 
Medical Image Computing BVM 2011 held at 
the University of Lübeck, Germany. All manu-
scripts had to pass a comprehensive peer re-
view. 
Results: Modeling approaches and model-
based image analysis methods showing new 
trends and perspectives in model-based medi-
cal image computing are described. Complex 
models are used in different medical appli-
cations and medical images like radiographic 
images, dual-energy CT images, MR images, 
diffusion tensor images as well as microscopic 
images are analyzed. The applications empha-
size the high potential and the wide appli-
cation range of these methods.  
Conclusions: The use of model-based image 
analysis methods can improve segmentation 
quality as well as the accuracy and reproduci-
bility of quantitative image analysis. Further -
more, image-based models enable new in-
sights and can lead to a deeper understanding 
of complex dynamic mechanisms in the 
human body. Hence, model-based image com-
puting methods are important tools to im-
prove medical diagnostics and patient treat-
ment in future.  
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Editorial 

1. Introduction 
Medical image computing techniques have 
become increasingly important in modern 
medical diagnostics and therapy. Now-
adays, a variety of image computing and 
 visualization techniques is used in daily 
routine. However, further developments 
are needed to increase the grade of auto-
mation, accuracy, reproducibility and ro-
bustness of image computing methods 
[1–8].  

Image-based modeling techniques and 
model-based image analysis methods are 
important tools for robust and automated 
segmentation and quantitative analysis of 
image objects like organs, vessels, and tu-
mors. On the one hand the models use 
a-priori knowledge about the images struc-
tures (bones, tissue, tumors, etc.), on the 
other hand models and important features 
can be extracted from image data auto-
matically by image-based modeling tech-
niques. Moreover, image-based modeling 
enables the analysis of the dynamic beha-
vior inside the body and e.g. the measure-
ment of the blood flow or a prediction of 
tumor growth becomes possible.  

2. Methods 

For the focus theme, selected authors of the 
Conference on Medical Image Computing 
BVM 2011 in Lübeck were invited to sub-
mit a manuscript on their latest devel-
opments and results for possible pub-
lication in this focus theme. Invitation was 
based on their outstanding presentation 
and the blinded peer review process of the 
conference. After international reviewing 
of the journal submissions, finally seven ex-
cellent papers were assembled to describe 
several important aspects of recent ad-
vances in the field of image-based model-
ing and model-based image analysis in 
medical image computing.  

3. Results 

The selected papers give an impression of 
the high variety of methods used in this 
challenging field and show interesting re-
sults in different medical applications.  

In the first three papers [9–11] different 
model-based segmentation approaches are 
presented to delineate image objects of in-
terest automatically and with high accuracy 
and robustness. In [9] dual-energy CT im-
ages are analyzed to compute the spatial 
distribution of bone mineral density in ver-
tebrae as an indicator for osteoporosis. 
During the analysis, the model-based seg-
mentation of regions of interest is an essen-
tial step. Here, active shape models are ap-
plied using shape information of the seg-
mented image structures during the seg-
mentation process. Deformable models are 
used in [10] to support diagnosis and treat-
ment assessment of knee joint osteoarthri-
tis. In a two step approach, implants and 
bones are segmented in radiographic im-
ages using deformable template models   as 
a prerequisite of the following automatic 
joint alignment measurements. In a study, 
the automatic extracted measures showed a 
high accuracy and precision. The improve-
ment of brain vessel segmentations in 
three-dimensional time-of-flight magnetic 
resonance angiography images is the main 
goal of the graph-based method described 
in [11]. The method can be considered as 
an extension of the segmentation approach 
described in [12]. A given vessel segmen-
tation is improved by closing the gaps be-
tween vessel fragments, which are typically 
located at small vessel structures exhibiting 
low image intensities. A graph-based ap-
proach is applied to detect and model 
knowledge on gaps between vessel parts. In 
combination with a level set segmentation 
method connections between vessel frag-
ments are detected and gaps in cerebro -
vasculuar segmentations are closed, auto-
matically.  

A novel method to model the uncertain-
ty of blood flow computation in phase-
contrast magnetic resonance imaging is 
presented in [13]. The approach incorpo -
rates the uncertainties of the measure-
ments into the computation of particle tra-
jectories in an anisotropic fast marching 
method. The analysis results enable the 
simultaneous visualization of the structure 
and the uncertainty of the particle trajec-
tories. In [14] a novel computational 
framework for modeling tumor induced 
brain deformation is presented. The model 
is based on the assumption that the pro-

gression of the primary brain tumor is 
 governed by proliferation on the one hand 
and migration of cancerous cells into sur-
rounding healthy tissue on the other hand. 
The model opens up the possibility to 
simulate tumor growth in patient data and 
will be used to improve non-diffeomorphic 
image registration of images of brain 
tumor patients. A toolkit for the model-
based analysis of diffusion MRI images is 
presented in [15]. The algorithms are im-
plemented as an extension of the Medical 
Imaging Interaction Toolkit (MITK), 
called MITK-DI. The open source toolkit 
MITK-DI provides a comprehensive soft-
ware framework for model-based analysis 
and interactive data exploration of dif-
fusion MR images. In the last contribution 
of this focus theme, the use of models in the 
field of microscopic cell image analysis is 
 illustrated [16]. Morphological features are 
extracted and analyzed automatically with 
the goal to detect adaptive mitosis of in 
vitro stem cell tracking data. Different mor-
phological cell features are considered and 
their influence to the automatic recogni-
tion of mitotic events and non-mitotic 
track irregularities using support vector 
machines is evaluated.  

4. Discussion 

The selected papers give an impression of 
the breadth and heterogeneity of new de-
velopments in the field of model-based 
medical image computing. New methods 
for model-based image segmentation, for 
modeling of tumor growth as well as meth-
ods for quantitative analysis e.g. to measure 
the distribution of blood flow velocities in a 
vessel are assembled. These methods were 
developed and optimized to facilitate and 
extend the analysis of medical images and 
to extract significant quantitative parame-
ters describing characteristic image or ob-
ject features.  

In the focus theme new approaches for 
the model-based segmentation and analy-
sis of dual-energy CT images [9], radio-
graphic images [10], time-of-flight, phase-
contrast and diffusion MR images [11–15] 
as well as microscopic cell images [16] are 
presented as examples of the development 
in this challenging field. 
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The contributions of the special issue 
show the breadth of the development in the 
interdisciplinary field of model-based 
medical image computing and illustrate 
the wide application range in medicine. 
Model-based image analysis and image-
based modeling methods presented enable 
new insights into the patient’s image data 
and will contribute to improve medical 
diagnostics and patient treatment in fu-
ture.
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