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Figure 3. Bland-Altman diagrams plotting the difference in hipocampal volumes computed with the manual and automated
methods against their average for each hippocampal pairs for the right (top) and left (bottom) hippocampus. The even scatter
suggests there is no systematic error between methodologies beside the difference in absolute volume.

doi:10.1371/journal.pone.0005265.g003

there is no evidence of other systematic error and while some Multiple regression analyses were conducted with manual and
outliers are present, they are few. automated left and right hippocampal volumes as predicted
Correlations between left and right hippocampi were r=.82 variables, cognitive variables (immediate and delayed recall, digits
(p<.001) for manual tracing and r=.83 £p001) for automatic = backwards, spot-the-word, and SDMT) as predictors, and age, sex,
segmentation. education, and intra-cranial volume as covariates to assess whether
The quality of the automated segmentation was visually assesstte variance of theoretically relevant variables could be explained
and ratings of the 3D hippocampi revealed that 162 pairs had nan a similar pattern by the two measurement methods. The
obvious defects, 182 pairs had minor defects, 46 pairs haednalyses were applied to the whole sample (N =390) excluding the
moderate defects, and 13 pairs had major defects (see Figure ppor quality scans and to a subsample comprising the scans with
Hippocampi with major defects were excluded from further no, or minor defects (N=2344). The results of these analyses are
analyses as they were few, could easily be identified, and wouftesented in Table 2 and show a very good agreement between
necessitate manual editing in order to be analysed, which was ngatterns of association between predictor and predicted variables
the focus of the present study. Figure 4 shows a random sample fafr both measurement methods. Of particular note, performance
3D models of hippocampus pairs based on manual tracings andn the digit backward task (working memory) was significantly and
automated segmentation. positively associated with left and right hippocampal volumes
To further investigate the association between manual andneasured by manual tracing and with automatic segmentation.
automated measures, correlations between measurement methodsDue to the presence of significant sex effects in the previous
were computed for the left and right hippocampi and for the analyses and because gender-specific variation in memory
different segmentation quality groups, and are presented iperformance have been described in the literature the same
Table 1. regression analyses were conducted in sub-samples stratified by

18I0 IXISIS14191%

Figure 4. Randomly selected 3D models of manually traced (green) and automatically segmented (yellow) hippocampus pairs. The
models were produced using the ITK-Snap software package (www.itksnap.org) for the manual tracings and the Slicer package (www:slicer.org) for
the automated measures.

doi:10.1371/journal.pone.0005265.g004

Table 1. Correlations between hippocampal volumes measured by manual tracing and automated segmentation for different
levels of segmentation quality.

Manual Tracing Automated Segmentation
Whole Sample without No Visible Defects Minor Defects (<, 0.5% Moderate Defects
major defects (n=390) (n=162) of volume; n=182) (, 0.5%-5% of volume; n=46)
Left Right Left Right Left Right Left Right

Left 0.714 0.736 0.727 0.606

Right 0.784 0.784 0.798 0.724

doi:10.1371/journal.pone.0005265.t001
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