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Fig. 1: Qualitative assessment of intra- and inter-rater reliability. The images show 2D
orthogonal sections of a region of interest of the interior brain with segmentation of the left and
the right hippocampal structures. Left: Intra-rater variability of 3 segmentations (observations)
by one rater with yellow=3, green=2, and blue=1 votes per voxel. The 3D rendering displays
the regional fuzziness of the boundary. Right: Inter-rater variability between two raters by
comparison of two average segmentations. Yellow marks the region segmented by both, and
blue and green regions segmented by only one of them. This displays clearly illustrates the
agreement/disagreement between the raters, which is dominant in the hippocampus amygdala
transition area (HATA) and the region of the hippocampal tail.

Fig. 2: User interface of VALMET. The tool calculates overlap measures, Hausdorff distance,
mean absolute (and signed) surface distances, and probabilistic overlap. The 3D rendering
provides a color display of both intersecting surfaces (green and red), showing regional
differences between two surfaces. The application shows the result of a inter- and intra-rater
hippocampus segmention study.
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3. Segmentation Validation: Manual Hippocampus Segmentation

Unlike some anatomical structures the hippocampus as imaged through MRI has no
clear boundaries, and it is very difficult to establish ground truth by manual
segmentation. Hence it is very important to quantify variability in manual
segmentations done by trained raters. As part of a large schizophrenia neuroimaging
study, intra- and inter-rater reliability were tested with blind studies of series of 3D
image data. For each series, we randomly selected 5 cases from an ongoing
schizophrenia. The 5 cases were replicated 3 times and numbered randomly resulting
in 15 image datasets, numbered differently for each rater. Trained raters go through
all theses cases and segment left and right hippocampal structures using a new 3D
segmentation tool IRIS [IRIS, 1999] developed by our group. The tool allows
triplanar region editing and graphical 2D/3D interaction between image planes and
segmented objects. We used an intraclass correlation program written in SAS (SAS
Institute Inc.) to calculate intra- and inter-rater reliability.

Table 1 shows the reliability of two of the raters. We tested the reliability in
two series, a first series after raters have been trained with the tools and became
familiar with the instructions for hippocampus, and a second series after they
evaluated and compared their results using the new tools described above. The results
of the first series show that the reliability of raters A and B differs significantly
between right and left hippocampus, each achieving a high reliability for one of the
structures. The inter-rater reliability of 0.75 for the right and 0.62 for the left

Table 1: Reliability of manual hippocampus segmentation.

Intraclass Correlation: Manual Hippocampus Segmentation

Study design: 2 raters, 5 cases, 3 observations each
Analysis: Individual and pooled analysis

First reliability series
individual analysis pooled analysis

    intra-rater intra-rater     intra-rater     inter-rater
rater A rater B A and B A vs. B

right hippocampus 0.89067 0.66422 0.77241    0.75062
left hippocampus 0.69061 0.85157 0.81391      0.61923

    Second reliability series
individual analysis pooled analysis
intra-rater intra-rater intra-rater inter-rater
rater A rater B A and B A vs. B

right hippocampus 0.96073 0.88145 0.93229 0.67325
left hippocampus 0.95416 0.94822 0.96094 0.48218
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hippocampus suggest that the left hippocampus is more difficult to segment than the
right hippocampus. The second series was measured after the two raters visualized
their segmentations using VALMET and revised the protocol. Interestingly, they both
are becoming very reliable. This is reflected in reliabilities up to 0.95 and in the
pooled intra-rater reliability of 0.93 and 0.96. However, the reliability between raters
(inter-rater) became worse and dropped significantly from 0.75 to 0.67 for the right
and from 0.61 to 0.48 for the left hippocampal structures. The second series used 5
different cases with 3 replications. In conclusion, we find that the intra-rater reliability
for manual hippocampus segmentation was very high in comparison to studies done at
other sites (Hogan 2000). A reliability of 0.95 for the manual segmentation of a
structure as difficult as the hippocampus has to be considered excellent. We attribute
this performance to the 2D/3D capabilities of the IRIS segmentation tool and
VALMET. The inter-rater reliability is insufficient and reflects that both raters do
excellent but different segmentations.

4. Discussion

No consensus exists regarding a necessary and sufficient set of measures to
characterize segmentation performance. We plan to provide a suite comprising a
reasonable variety of geometric and statistical methods. In addition to the measures
already implemented in the prototype validation tool VALMET, we will consider
providing a number of others including moments and volume of error voxels
normalized by the surface area. Measures implemented in VALMET and other
geometric measures reported in the literature tend to favor least squares measures.
Measures in this class are intuitive and work well for noise-free data. However real
medical images have structure noise and random noise that can lead to high spatial
frequencies in segmented surfaces. Methods based on least-squares measures are very
sensitive to even a small number of extreme data values in the sense that a small
number of outlier voxels can disproportionately bias a measure and make an
otherwise good segmentation appear to compare poorly with truth. Statistically robust
methods include quantiles of distance, which are robust to extreme values. A next
version of VALMET will include the calculation of a surface distance histogram and
choice of arbitrary quantiles.
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