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Our research goal is to develop a hierachical multiscale modeling approach suitable to represent and investigate patient individual properties of the trachea-bronchial tree. The rather irregular dichotomy of the lung has challenged computer modeling and analysis. The development of a hybrid, multiscale model, in a combination of data from different imaging modalities, supplemented by a computer modeling, was first conceptualized in [1]. Patient individual models of the bronchial tree are extracted from clinical CT-data, using a threshold based segmentation algorithm [2]. The result of the segmentation process is a connected set of voxels, which are thinned to provide a graph representation. Current resolution of clinical data allows reconstructions only for about the upper eight branching generations. To obtain a complete model of the air conducting branches, i.e. from the trachea to the terminal bronchioles, a volume filling algorithm which reference to known branching topologies extends the graph. This method was validated by a cast model imaged with HRCT, as described in [3].  

Our applications show that the overall shape of the lung greatly varies between individuals. This variation continues on the tissue level. Respiratory units investigated by Micro-CT can reveal important structural properties, which can be used to develop individualized representations of these units [4, 5]. The specific geometry changes with age or disease. Combining data of the bronchial tree and the respiratory units, attached to all terminal bronchioles, complete the geometric model. The size of the respiratory units depends on the phase of the breathing cycle. This multiscale representation is a prerequisite to investigate flow distribution, flow velocities and gas concentrations. 
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