Cerebellar Isolation, Parcellation, and Conformal Mapping

Kelly Rehm , Monica Hurdal , Josh Stern , Kirt Schaper , De Witt Sumners , David Rottenberg Department of Radiology, University of Minnesota, Minneapolis, U.S.A.

PET Imaging Center, Minneapolis VA Medical Center, U.S.A. Department of Mathematics, Florida State University, Tallahassee, U.S.A. Department of Neurology, University of Minnesota, Minneapolis, U.S.A.

Abstract Why map the cerebellar surface? Because: (i) organization of motor, sensory and cognitive functions in the human cerebellum is poorly understood [1], (ii) the highly-folded structure conceals most of the cortical surface, and (iii) functional data analysis may improve with incorporation of surface organization [2].

We constructed a pipeline for extracting, labelling, and conformally mapping cerebellar surfaces from individuals’ coregistered anatomical and functional volumes. Conformal mappings preserve angular information; other approaches attempt to minimize areal and metric distortions [3] .

Methods Cerebellar Template. The pipeline requires a parcellated template volume; we use the 27-scan MRI volume produced at the Montreal Neurological Institute [4] and used in Schmahmann’s cerebellar atlas [5]. We extended the atlas labelling to each voxel in the template cerebellum.

Isolation of cerebellar subvolumes is landmark-driven, using the posterior commissure, the obex, and the apex of the fourth ventricle to define a standard orientation [6]. A template-to-subject warp serves to identify the cerebrum and a computerized cutplane then removes the brainstem by stepping through the volume [sparing wrap-around cerebellar tissue] until reaching the lingula. The final cut perimeter serves as the boundary necessary for flat mapping to a plane.

Parcellation is produced by warping the template cerebellum to the subject’s, applying the same transform to the template’s parcellation volume, and and manually editing the labels to correct errors due to poorly resolved fissures and/or variable fissuration.

Surface Extraction. Flat mapping requires a surface be free of defects and topologically equivalent to a sphere. An isolated cerebellum is equivalent to a sphere in principle; a typical isosurface exhibits "handles" as well as topological defects such as holes and fins. We are developing an algotihm that produces a "correct" surface [7]; currently we repair a Marching Cubes isosurface.

Results

Two subjects’ result volumes from a PET study of static force [8] were aligned to their high-resolution MRI volumes; the cerebella were isolated and parcellated as described. We preprocessed the MRI in order to reduce topological defects; the remainder were corrected semi-automatically. Activated supra-threshold voxels within 5 mm of the surface were projected onto the nearest vertex, and the maximum signal value assigned. Quasi-conformal flat maps of the cortical surface were created using CirclePack software [9]. Figure 1 illustrates posterior views of each cerebellum with the associated flatmap visualized in the hyperbolic plane.

References 1. Thach WT. Behav Brain Sci. 19:411-421, 1996. 2. Andrade A, et al. NeuroImage. 11(5):S504, 2000. 3. Hurdal MK, et al. Submitted to HBM 2001. 4. Holmes CJ, et al. NeuroImage. 3(3):S28, 1996. 5. Schmahmann JD, et al. MRI Atlas of the Human Cerebellum. Academic Press, San Diego, 2000. 6. Rehm K, et al. NeuroImage. 11(5):S536, 2000. 7. Stern J, et al. Submitted to HBM 2001. 8. Muley SA, et al. NeuroImage. In press, 2001. 9. Bowers PL, Stephenson K. Memoirs of the American Mathematical Society. In press, 2001.

This work was supported in part by NIH grant MH57180.

Figure 1. Cerebellar surfaces with PET activation data and fissure labels.