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Bone and cartilage segmentation 

Sagittal fat-saturated MR images were acquired using a Philips 3D WATSf sequence; flip angle 25°, TE 5.6 ms, TR 15 ms, pixel size 0.36 x 0.36mm, slice thickness 0.7mm. Bone and cartilage were segmented by an experienced manual segmenter, using a semi-automated livewire algorithm (Endpoint segmentation software, Imorphics, Manchester, UK). A set of contours, one for each slice of the MR image 3D surfaces were then generated from the stack of contours using a marching- cubes algorithm, followed by quadratic smoothing of the resultant surfaces. Femur, tibia and patella bone surfaces were automatically segmented using active appearance models (AAMs), built from an independent training set of 96 knee MRIs using the Siemens DESS-we sequence . This training set was selected to contain approximately equal numbers for each KL grade. The AAMs were applied to the same 3D WATSf sequences. During auto-segmentation with AAMS, each bone was fitted with a dense set of correspondence points (landmarks), for the femur this set of points is >32,000 with each point separated by around 1mm.

At this stage, each bone surface exists in 2 forms (i) the manual bone surface, and (ii) the AAM bone surface. Correspondence points from the AAM bone surface were transferred onto the manual bone surface by projecting normal from each correspondence point so as to intersect with the manual bone surface. This produced an accurate manual segmented bone surface, fitted with a set of anatomical landmarks; these were used for comparisons across the population, and for alignment and rotation of bones. Cartilage thickness measures were taken using specified correspondence points on bone surfaces, and measuring distances to the outside of manually-segmented cartilage surfaces, normal to that surface [S2 Text, 1]
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