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INTRODUCTION: The vertebral column is the most frequent site of metastatidviement of the skeleton, with up to 1/3

of all cancer patients developing tumors in the spine. UtjiZBT imaging, detection of tumors in the spine can be
accomplished using a voxel intensity classification method,eliewto produce accurate volume estimates requires the
identification of a precise region of interest (ROI). Atlaseloegistration is able to create a fairly accurate segmentation of
an entire vertebral body; however this method is not sefficio differentiate the trabecular centrum from the vertebral
cortical shell. Inclusion of the cortical shell in the assessmEmetastatic involvement can create problems for tumor
guantification in mixed and blastic metastases as the corticaldstys similar voxel intensity to blastic tumor tisstliee
Level Set method works to evolve geometric interfaces througmhigation of image intensity and curvature propagation.
It is hypothesized that Level Set segmentation can be usedrte gfial ROl estimates to isolate only the trabecular bone
centrum of vertebrae and thus provide a method to improve tyuamtification accuracy in the metastatic spine.

METHODS: CT scans of 21 vertebral bodies (14 healthy and 7 involwiatastatic tumors), ranging in levels from T7 to
L5 were obtained from 12 patients using a GE Lightspeed®IuScanner (120kVp, 1.25mm slice interval, and 2.5mm slice
thickness). The metastatic vertebrae analyzed contained lytic, bladtmired lesions. Lytic lesions breached the cortical
shell in 3 cases and blastic tumor was directly adjacent to tlieat@hell in 3 cases, representing 2 particular challenges in
automated segmentation. Using demons atlas-based segmentatica (AK), an initial ROl containing the entire vertebral
body was defined. To isolate the trabecular centrum, an itepatieess using a Level Set Shape Detection Filter (ITK) was
applied. Level Set methods utilize a higher dimension functitrack the contour of the propagating curve. By exphpitin
the contrast in voxel intensities between cortical shell and trivemgions, a sigmoid filter was applied to the vertebral
scan to create the required speed function. The curvature and pi@pagzghting terms control the curvature propagation
to minimize exclusion of the desired trabecular centrum. Rir8D) Shape Detection filter was used to eliminate any extra-
vertebral space remaining the in the atlas based segmentationpln@p high curvature weighting, the segmentation was
limited from propagating into any lytic tumors that hadamhed the cortical shell. Next, the resulting segmentation moved
further inward using a 3D Shape Detection algorithm with atemn speed function and low number of iterations. A €ileh
filter (Amira) was then applied to each axial scan slice to eliminases where the curve may have propagated into a lytic
tumor removing it from the ROI. Finally, axial slices bktscan and resulting curve were extracted and a 2D Level Set
algorithm was run to remove any remaining cortical shell.igh kurvature weighting term helped to ensure the process did
not exclude any blastic tumors connected to the cortical shellorder to quantify the extent of cortical shell removal,
intensity thresholds were compared from two voxel intefggiiograms created for each healthy vertebral body: 1) a manual
segmentation including cortical shell and 2) a ROI represetiiegrabecular centrum determined using the Level Set
method. A further validation of the Level Set methods was adisimepd by comparing the results for both the healthy and
metastatic segmentation of the trabecular bone centum to a galdrstamanual segmentation of the same region.

RESULTS: Prior to shell removal 20.8%5.5% of the
vertebral body segmentations was classified as high
intensity cortical bone. After application of the Level Set
algorithm high intensity bone only represented 2.9%+0.5%
of the segmentation. Comparing the automated
segmentations of the trabecular bone centum (healthy and
metastatic) to manual segmentations yielded a concurrencyy
rate of 90.8%+2.3%. For scans in which a lytic tumor had
breached the cortical shell the concurrency rate wed
88.6%+1.7%. Scans containing a blastic tumor adjacent toFigure 1. Automated trabecular centrum segmentation in
the cortical shell exhibited a concurrency rate of vertebrae exhibiting a) lytic tumor that has breached the
90.3%=+2.5%. cortical shell and b) blastic tumor adjacent to cortical shell.

DISCUSSION: Level Set Shape Detection methods are well suited for isoldtsgrabecular region in both healthy and
metastatically involved vertebral bodies. By applying a largeaturg term weighting, the ability of the curve to propagate
into tumors and eliminate them from the ROI is limiteche Qreatest errors in trabecular bone isolation occurred as a result
of partial inclusion of the vertebral endplates; however, ithisot a large concern as endplates contain few high intensity
voxels, which might be incorrectly classified as blastic tutigsue. This algorithm can successfully perform automated
segmentation of a vertebral body trabecular centrum to yield propate ROI for quantitative assessment of metastatic
disease and may be adapted to trabecular region segmentation inosieexhibiting a rounded cross sectional geometry.
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