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Advances in computational methods steadily increase the applicability and practical rel-
evance of computational models. With respect to clinical application, patient specific
computational models become increasingly powerful tools to predict outcome and devel-
opment of diseases or to allow for better planing and development of (surgical) inter-
ventions, see e.g. [1]. Such models incorporate complex 3-dimensional geometries, finite
deformation kinematics and nonlinear constitutive properties. Despite these sophisticated
means, material parameters are often based on population averaged mean values and are
furthermore assumed to be of spatial homogeneity. Especially for soft living human tis-
sue the latter assumption does not generally hold. Incorporation of spatially accurate
representations of material parameters is therefore of high importance to further advance
computational methods toward application in a clinical setting.

Although not being directly measurable in-vivo, material parameters can be accurately
estimated by means of inverse analysis procedures, which often rely on non-invasively
available information. In the case of cardiovascular applications, this information is con-
veniently obtained from medical imaging techniques, such as CT, MRT or Ultrasound.
Since usually inverse algorithms for parameter identification utilize some measure of dis-
placement or strain as reference solution, image processing techniques are utilized to
extract the desired information from image data. This often includes image registration,
which itself constitutes an inverse problem. To render the image registration well-posed,
regularization techniques are introduced, which commonly are not specifically tailored to
the subsequent parameter identification and thus the regularization of the registration
can result in a subsequent deterioration of the final best fit material parameters.

As a remedy, we propose a new embedded registration and inverse analysis approach
inspired by [2,3,4,5], where results are not disturbed by artificial regularization effects
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during the image registration step. Instead of splitting the material parameter identi-
fication process into two stages, namely image registration and the subsequent inverse
computation (sequential registration based approach), we directly utilize an image based
measure of similarity in the objective function to be minimized directly by the inverse
algorithm (integrative image based approach). In contrast to [2], we propose to apply
a surface based measure of image similarity [5] and to control regularity of the solution
directly in the objective function.

Formulation of the proposed integrative image based inverse analysis will be given and
examples will be provided, that demonstrate behavior of and compare the newly proposed
method to the classical two-staged sequential registration based approach.

REFERENCES

[1] A. Maier, M.W. Gee, C. Reeps, J. Pongratz, H.-H. Eckstein, andW. A.Wall. A com-
parison of diameter, wall stress, and rupture potential index for abdominal aortic
aneurysm rupture risk prediction. Annals of biomedical engineering, 38(10):3124–
3134, 2010.

[2] M. I. Miga. A new approach to elastography using mutual information and finite
elements. Physics in Medicine and Biology, 48(4):467, 2003.

[3] J. Modersitzki. Numerical Methods for Image Registration (Numerical Mathematics
and Scientific Computation). Oxford University Press, 2004.

[4] A. A. Oberai, N. H. Gokhale, and G. R. Feijoo. Solution of inverse problems in
elasticity imaging using the adjoint method. Inverse Problems, 19(2):297, 2003.

[5] M. Vaillant and J. Glaunes. Surface Matching via Currents, Information Processing
in Medical Imaging, Lect. Notes Comp. Sc., 3565, 381–392, 2005.

2


