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Purpose. Computer Aided Design (CAD) software have made it possible the efficient design of sophisticated computational models of the human body. It is now possible to design models by transformation of existing ones or starting from commercially available 3D models. As a consequence there is a growing number of available computational models, most of them designed for the assessment of radiation dose. Their increasing number makes it important to dispose of methods to measure their morphological similarity. With such methods it might be easier to interpret the differences in dose calculation, for example, provided by different models.

 Currently, the quantitative assessment of the morphological differences is most of the time limited to organs’ volumes comparison with a reference. The general problem of shapes comparison has been extensively studied in image processing and more recently in the case of 3D objects [1]. Several mathematical methods enable to associate a 3D object with a feature vector (or spectrum). Comparison or classification of 3D objects thus resumes in comparing their feature vectors. 

Methods and Materials. In this study we use geometric moments (GM) and 3D Zernike moments (ZM) [2] to construct volume independent feature vectors of organs' voxel models. Using the feature vectors the distance between organs can be calculated. For a collection of models to be compared we show how to construct scale independent ZM. Furthermore, a single scalar, which applies to GM and ZM, is proposed to compare the similarity of organs inside a set. Principal Coordinate Analysis can be performed on organs' distance matrix to obtain a 2D representation figuring a similarity map.    

To illustrate the advantages and limitations of the studied methods we apply them to 3D voxel models of the liver (17 models), lungs (17 models) and heart (80 models).  For each organ, most of the 3D models are derived from radiotherapists' contours but other sources are included (ICRP reference voxel model, mathematical model, model from physical phantom).
Results. In the Liver case it is found that geometric and Zernike moments give similar results concerning the proximity of organs' shape : the mathematical ORNL phantom and the ICRP male voxel model are good surrogate of the average liver shape, however the ICRP female voxel model has a liver shape that differs from the studied ones. In the lung case GM and ZM do not give exactly the same proximity for organs; however both methods clearly show that the lungs of the ICRP male is the best average of the studied cases. 
Conclusion. The tools used in this study open the exiting perspective for the rigorous definition and design of statistical organ shapes.    
[1] Iyer N et al 2005, Computer-Aided Design 37:509-30
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