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Introduction The segmentation of articular cartilage from 3D MR images is useful for following the
progression of subjects with osteoarthritis. The thinness of the cartilage and the presence of tissues adjacent to it
which have similar image intensity causes difficulty for humans and computer algorithms to reproducibly and
accurately segment cartilage. Evaluating the accuracy of different segmentation algorithmsis difficult because
of the complexity of the decisionsto be made and especially because the algorithms require some user
intervention and thus the final result depends on the operator. We have developed a method of determining the
agreement among different raters in segmenting articular cartilage. The method will find usein evaluating
different manual, semi-automated and fully automated segmentation algorithms.

Methods We modified a statistical method outlined by S.K. Warfield to calculate the true positive fraction
(TPF) and the true negative fraction (TNF) of the performance of different ratersin segmenting 3D images.[1]
Six raters segmented one image set consisting of 64 slices of a 3D image of the knee of a subject with mild
osteoarthritis. Each subject used a custom-devel oped segmentation algorithm to semi-automatically segment the
femoral articular cartilage and to produce a ROI file containing the segmented regions. The analysis algorithm
examined the six ROI files to determine for each pixel the probability that the rater correctly selected it or
excluded it from the ROI. A cumulative TPF and TNF was calculated for each rater.

Results The algorithm calculated the probability a given pixel should be included assuming first, that all the
raters were equal and second, that rater #1 was an expert and their choices should be taken astruth. The
performance of the raters on one data set is shown in figure 1. The performance of the raters assuming rater #1
was the expert is shown in figure 2.
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Discussions & Conclusions The results of figures 1 and 2 show the raters were highly consistent in selecting
the regions to include as articular cartilage, i.e. high values of TPF. However, there was wide variation in the
TNF among the different raters. The TNF, which relates the ability of the rater to discriminate pixelsto exclude,
is perhaps indicative of the difficulty of correctly excluding adjacent tissues. The method provides a rigorous
approach for evaluating the performance or skill of human raters and machine algorithms for segmenting
images. As such it will be very useful in testing and improving automated algorithms for segmenting articular
cartilage from MR images.
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