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Introduction

The study of time dependent shapes is an emerging field in Computational Anatomy, with potential application to early brain development, aging studies, or the analysis of evolving
pathologic structures. As longitudinal data becomes more widely available, the need for computer models of anatomical evolution becomes increasingly important. In this work, we

propose a new type of growth model parameterized by acceleration.

e The evolution of biological tissue is considered as a mechanical system driven by external forces
e Growth trajectories are smooth in both space and time — guaranteed to be twice differentiable
e Our regression model yeilds a shape evolution with improved regularity, discarding more noise from the data to fit a more realistic growth scenario
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From discrete shapes to a continuous evolution

Estimate a continuous deformation of space
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Generate shapes and growth velocity at any instant in time
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Smoother and more realistic growth trajectories

Conclusion

We have introduced a new 2nd-order regression
model for estimating smooth evolution from time de-
pendent shapes. This is based on a new way of pa-
rameterizing growth by acceleration rather than ve-
locity. The proposed model is:

e Less sensitive to noise as compared to the stan-
dard piecewise geodesic model

e Robust to missing data

e More likely to characterize the underlying biologi-
cal growth of anatomical structures

Current clinical applications:
e Neurodegenerative pattern in Huntington's dis-
ease (HD)

e Atypical brain development in autism

THEU

UNIVERSITY
OF UTAH

Evolution of scalar measures extracted from shape regression Clinical application: Neurodegeneration

In Huntington's disease

Acknowledgments

This work was supported by NIH grant RO1 HD055741 (ACE, project IBIS) and by NIH grant U54 EB005149 (NA-MIC).

References

1. Durrleman, S., Pennec, X., Trouvé, A., Gerig, G., Ayache, N.: Spatiotemporal atlas estimation for developmental delay
detection in longitudinal datasets. In: Yang, G.Z., Hawkes, D., Rueckert, D., Noble, A., Taylor, C. (eds.) MICCAI 2009,
Part . LNCS, vol. 5761, pp. 297-304. Springer (2009)

2. Durrleman, S.: Statistical models of currents for measuring the variability of anatomical curves, surfaces and their evo-
lution. These de sciences (phd thesis), Universite de Nice-Sophia Antipolis (March 2010)

3. Khan, A., Beg, M.: Representation of time-varying shapes in the large deformation diffeomorphic framework. In: Proc.
of ISBI. pp. 1521-1524 (2008)

4. Miller, M, |., Trouve, A., Younes, L.: On the metrics and Euler-Lagrange equations of Computational Anatomy. Annual
Review of Biomedical Engineering 4, 375-405 (2002)

5. Vaillant, M., Glaunes, J.: Surface matching via currents. In: Proc. of IPMI. pp. 381-392 (2005)

Sta

www.sci.utah.edu




