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Introduction: Computer-Assisted Orthopaedic Surgery (CAOS) has increased significantly in the last
decade with many CAOS procedures relying on pre-operative imaging. Since segmentation is semi-
automatic, outcomes may vary [1] with possible implications for surgical planning, this study aimed to
quantify the intra- and inter-operator variability of image segmentation of the knee.

C2C absolute distances
A.538 3949

3.317249

Methods 1 0960199
Following training, 15 volunteers segmented a single 2 874949
CT image (femur, tibia and patella), using the active
contour and threshold method in ITK-Snap, five times.
After each segmentation, the model was further
manually edited. The Euclidian distance between point
clouds was determined using CloudCompare™
(Figure 1). Dice Similarity Coefficient (DSC), Jaccard
Index (JI) [2], and Hausdorff Distance (HD) were
computed between all combinations of the five
segmentations (10  comparisons). Repeated-
measures ANOVA determined  within-operator
differences and interclass correlation coefficients hany
(ICC) assessed inter-operator reliability. o
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Figure 1: Euclidian distances between point clouds for
a representative comparison of tibial topology

Results

DSC, JI, and HD varied with the bone being segmented (all p < 0.001), whilst DSC and JI did not vary with
comparison, but HD did (DSC: p = 0.08; JI: p = 0.07; HD = 0.03) (Figure 2a,b,c). HD potentially
demonstrated self-learning by decreasing with later comparisons (Figure 2c). Intra-class correlation
coefficients, display modest values for the femur, 0.456, tibia, 0.419 and patella, 0.451.
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Figure 2: Mean (a) DSC (b) JI and (c) HD differences between the bones (blue: femur; green: tibia; red: patella)
across the 10 comparisons
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Discussion & Conclusion

Mean differences between segmentations within an experienced operator were below the size of the voxel
(1.2mm), although could reach ~5mm in isolated regions (Figures 1 & 2c). Intra-class correlations between
operators suggest that the operator may play a crucial role in determining the outcome of the
segmentation. The effect of such variation in segmentation in surgical planning or further biomechanical
analyses (e.g FE) is unknown and should therefore be quantified.
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