
Fig 2 ROC curves for conversion 
to AD from MCI for BSI (blue) 
and FreeSurer (red).  
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Purpose To double check a recent reproducibility study that showed the results of the boundary shift algorithm (BSI) [4] were at least 
70% more reproducible than the FreeSurfer/ReconAll (surfer.nmr.mgh.harvard.edu), manual [6], AdaBoost [5] and FSL/FIRST 
(fsl.fmrib.ox.ac.uk/fsl/fslwiki) methods for measuring hippocampal atrophy rates [2]. A novel statistical test of accuracy is used based 
on the accepted hypothesis that, in older subjects and Alzheimer’s disease (AD) patients, the hippocampus shrinks over time [3].   
Methods The 4 fully automatic methods included were BSI, FreeSurfer/ReconAll 5.3.0 
longitudinal pipeline, AdaBoost and FSL/FIRST 5.0.4. MPRAGEs (3D T1-weighted MRIs) 
image volumes at baseline and 1 year from 562 subjects (171 HC, 277 MCI, 114 AD) in the first 
Alzheimer's Disease Neuroimaging Initiative (ADNI1) study were analyzed with the four 
algorithms. Due to limited resources, only a representative subset of 75 subjects (19 HC, 38 MCI, 
18 AD) were analyzed manually. While rarely mentioned in the literature, as part of the ADNI1, 
the MPRAGEs were acquired back-to-back (BTB) during each patient visit - with the acquisition 
of the second MPRAGE starting within seconds of completion of the first [1]. Thus, each patient 
visit resulted in two “original” MPRAGEs (M & N) and a third “processed” MPRAGE (P). The P 
MPRAGE, which is the one commonly used in publications, is one of the two original MPRAGEs 
with additional processing by ADNI. The novel statistical test counted the number of subjects 
with non decreasing hippocampus volumes for each method. The null hypothesis was that the 
hippocampus volumes were unchanged over time and thus the number of negative and positive 
atrophy rates should be equal. Therefore p=0.5 for the null hypothesis. From the proportion for 
each algorithm, the sample size to reject the null hypothesis was calculated using the web site 
http://powerandsamplesize.com/Calculators/Other/1-Sample-Binomial. The sample size was 
based on the average of proportions for M and N but the separate M and N 

proportions give a rough estimate of 
the proportion’s reproducibility. Also, 
to confirm the general accuracy of the 
BSI, its atrophy rates were plotted 
versus those of manual. The 
conversion from MCI to AD was 
calculated for BSI and FreeSurfer with 
91 stable MCI and 92 converters over 
36 months.  
Results Table 1 presents the 

proportions and sample sizes for N=562 for all methods but manual. Table 2 includes results for the N=75 subset including manual. 
For both tables BSI clearly has the smallest sample size of 9 to 10. The next smallest size was for FreeSurfer which was 14 to 17. 
Counting the nonnegative points in Fig 1 allows confirmation of the M proportions of BSI and manual. In theory, a bias of 0.6% in 
FreeSurfer or manual atrophy rates could mimic the superior performance of BSI. However, both FreeSurfer and manual methods have 
much smaller bias thus bias is not affecting results of the statistical test. 
Discussion The result that BSI seems to be more accurate than the other algorithms in this study is consistent with a previously 
reported result that BSI is at least 70% more reproducible than the four algorithms [2]. One of the 
keys to the effectiveness of the statistical test for accuracy is that the atrophy rate and segmentation 
noise are roughly the same amplitude. Another key is that it does not dependent on the atrophy rate 
having a Gaussian distribution which is not always the case [1].  While BSI has the smallest sample 
size for M and N and for left and right this does not conclusively prove statistical significance. The 
ROC curves also favor BSI although the usefulness of conversion to AD as an accuracy measure is 
unclear because about half of the subjects classified as MCI have AD pathology [7].  
Conclusions BSI was found to be substantially more accurate than the FreeSurfer, manual, 
AdaBoost and FLS/FIRST methods for measuring hippocampal atrophy rates. The novel statistical 
test employed provided a double check of previous reproducibility results.  
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Fig 1 Rough accuracy of BSI atrophy 
rate is confirmed by a scatter plot of 
BSI versus manual. Negative values 
indicate shrinking hippocampi. 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    2222.


