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Abstract. Structural MR brain imaging is important in the understanding of
regional brain changes in healthy aging and in disease processes. Current
methods are often labour-intensive, requiring hours of manual tracing.  SABRE
(Semi-automatic Brain Region Extraction) is a new technique that allows rapid
and reliable parcellation of cortical and subcortical brain regions.  Utilization of
SABRE in conjunction with a validated tissue-compartment segmentation
program [1] can provide measures of gray matter, white matter, ventricular
CSF, and sulcal CSF measures for designated brain regions.  We present data
showing high inter-rater reliably for all regions, with correlations between 0.95
– 0.99.  Regional tissue measures of healthy young and healthy older adults
were also examined, demonstrating the sensitivity of this protocol to brain
volume changes that occur with aging.

1   Introduction

We present a semi-automated brain region extraction program (SABRE) that, when
applied in conjunction with a tissue segmentation program[1], can provide rapid gray,
white, ventricular and sulcal CSF measures for 26 specified brain regions. Two
studies were completed: one to evaluate the inter-rater reliability of the method, and a
second to examine construct validity of SABRE by determining if it could detect
known tissue atrophy effects that occur with normal aging.

2   Methods

These two studies were approved by the ethics review board. All subjects gave
informed consent, and none had a history of neurological disease. MR images were
acquired on a 1.5 T Signa GE scanner. Each subject had a T1-weighted, proton-
density (PD) and T2-weighted scan.
SABRE involves four steps: 1) Transformation of the T1 scan to ac-pc aligned space,
2) demarcation of 13 landmarks (20 minutes), 3) automatic creation of an individual
Talairach grid, and 4) running of the automated SABRE program to create



950         L.A Dade et al.

a mask delineating 24 (12 left, 12 right) brain regions (e.g. lateral and medial inferior
frontal lobe, anterior temporal lobe, superior parietal lobe). An automated medial
temporal lobe mask is also created based on Talairach grid divisions adding left and
right medial temporal measures. This 26 brain region mask is then applied to the
tissue segmented T1 image previously created using the Kovacevic method[1].

For the inter-rater reliability study, scans of 10 young adults (age: X= 28.4, sd=
5.7) and 11 older adults (X= 78.3, sd =10.8) were used.  Two trained and experienced
operators (FQG and PR) independently applied the SABRE method to the scans.
Intraclass correlation estimates (ICCs) for single ratings, with raters as a fixed factor,
was used to examine inter-rater reliability across brain regions.

To examine the sensitivity of SABRE to age related volume effects, scans from 10
younger (X= 28.4, sd = 5.8) and 10 older adults (X= 66.8, sd= 8.7) were used.
Repeated measures ANOVA was applied and paired t-tests were used as post hocs to
evaluate regional tissue volume differences between young and old groups.

3   Results

No significant differences were found between left and right regions; therefore
regions were collapsed across hemispheres. For inter-rater reliability, ICCs for total
regional volumes (0.95 – 0 .99), and for specific tissue compartment volumes (gray,
white, sulcal and ventricular CSF) were all high (0.97-0.99).

Repeated measures analysis of group (young vs old) by region, revealed a
significant interaction (F1,44 =10.0, p<.001). Post hoc analyses indicated significant
atrophy in the older group in the majority of areas including frontal, temporal, and
parietal gray matter. Non-significant differences occurred only in lateral and medial
inferior frontal white matter, lateral superior white matter, occipital gray matter, and
all tissues of the basal ganglia and thalamus region.

4   Conclusion

Relative to other methods SABRE is a rapid and reliable technique for obtaining in
vivo regional brain tissue volumes. The studies presented show that it has high inter-
rater reliability and is sensitive to the volume changes that occur with normal aging.
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