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Abstract: This work presents a fully unsupervised segmentation method for the segmentation of 3D DESS MRI images of the human knee. Five MRI knees manually segmented by
human experts are used as reference atlases to automatically segment subsequent MRI images. The five segmentations are averaged to create the knee segmentation. The
methodology was tested on the pilot Osteoarthritis Initiative (OAIl) image set of MRI DESS sequences. The data includes longitudinal images from healthy normals and subjects with
osteoarthritis (OA) scanned twice at baseline and at the 24 month follow-up. The segmentation methodology was able to create precise cartilage segmentations of the knees that
were used to extract volume, thickness and subchondral bone plate curvature information of the knee. The quantitative thickness showed precisions ranging from 0.025mm to
0.051mm. The longitudinal reproducibility of the cartilage thickness measurement methodology showed intra-class correlations coefficients (ICC) ranging from 0.39 to 0.79.
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Fig. 1. Five MRI DESS atlases are used to create a single segmentation of
the baseline and the 2 year follow-up of the OAI Pilot data set.
Registration, relaxation, outlier detection, and pixel voting are used to
create the segmentation.

TABLE 1. Descriptive statistics of the test-retest data. The performance of the
measurement Is reported in absolute values as well as function of the measurement range
(precision). The ICC I1s computed from the sample variances of the population and the

3D reconstruction of the femoral cartilage. Bottom right, 3D reconstruction of the
tibia cartilage.
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2ok __ | Figure 2 shows a sample of the output segmentation created by the multi-atlas
Quantitative Performance of Selected Knee Features @escarbdsaseline and 24 Month Hp)ow ] _ _ ]
Population Description Perfamance (Tefetes() segmentation algorithm. The cartilage tissue of the segmented results are 3D
easurement . .
Average Sytivnte Minimum) Maximum enor | PrecisicEV) ec reconstructed and quantitated for volume, thickness, and surface curvature. Table 1
in ax Zg 2/ - | S(SdS% i .. -
N - ;:22 N E— Z; _ [m;?jﬂ;(f 4*;4;' — shows the performance of the method on the OAI pilot data set. Coefficients of variation
emur : : : : : 2% (2.4% : . . . “y ey
Tibia| 3054.41 _ 736.38] 224.30| 4937.74 17013 6.5% (5.6%) | _ 0.95 of 1.3% were achieved for the average cartilage thickens. The reproducibility to observe
o w1575 159 11680 328123 5073 5o e | 0.4 changes in cartilage topography are shows in table 2. Good ICC were observed in the
Central Medial Fen| 1671.98 476.74 883.04| 2566.6 45.27 2.7% (2.7%) 0.99 I I " "
Cential Lacora Ferl 1265 08— 44310 113408 sods 8 3o ot 264 o T 09 estlmatlo_ns of change for the f_em_o_ral cartilage volume_ and _thlckness (1CC>0.75).
Femul 1.930]  0.138] 1785  2.266| 0.025] 5.1% (1.3%) |  0.97 Changes In curvature were not as significant and as changes in cartilage volume
Tibia 1.709 0.162 1.511 2.111 0.037 6.2% (2.2%) 0.95
Thickness Medial Tibi 1.609 0.202 1.209 2.029 0.051 6.2% (3.1%) 0.94
(mm) Lateral Tibi 1.835 0.169 1.542 2.218 0.037 5.5% (2.0%) 0.95
Central Medial Fen| 1.801 0.230 1.247 2.182 0.041 4.4% (2.3%) 0.97 -
Central Lateral Fen| 1.827 0.133 1.623 2.111 0.034 7.0% (1.9%) 0.93 COHC'USIOH
Femurl 0.0218 0.0052 0.0106 0.0288] 0.0009 4.9% 0.97
Tibia| -0.0130 0.0074{ -0.0287 0.0005| 0.0027 9.4% 0.86
Curvature Medial Tibi{ -0.0211 0.0054] -0.0285] -0.0084 0.0033 16.4% 0.63 : I : : : : :
Pl e Tl 00538 00 e 0 0sed 00248 0oos 5 oo This work shows that it is possible to get precise quantitative data_ automatically fr_om
Central Medial Fenl 0.0297 00075 00160, 0.0407] 00017 6.9% 0.95 OAl data sets. The measured degree of precision enabled detection of reproducible
Central Lateral Fer’l 0.0281 0.0051 0.0154 0.0362] 0.0011 9.1% 0.96

changes In a two year period using only 12 subjects from the pilot OAIl data. The main
limitation of the system Is that it may introduce some atlas bias to the measurement.
The system mitigated this defect by the introduction of five different atlases, but those

TABLE II: Reproducibility of the change. The change between the baseline and the follow-up
was measured using four different changes. The agreement between changes is reported as
the correlation between measurements using the Pearson correlation and the ICC.
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