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Supplementary methods 1 

THOMAS pipeline and its variants: The original THOMAS method that was developed and 2 

optimized for WMn-MPRAGE uses a set of 20 WMn-MPRAGE datasets (p1-p20) as priors which 3 

have been manually segmented using the Moral atlas as guide. The 20 priors are mutually 4 

registered and averaged to create a WMn template. The input image is first cropped and 5 

registered to a cropped WMn template image using ANTs nonlinear registration (R). The 6 

precomputed prior-to-template space warps (WpiT) are combined with R-1 to warp the 20 prior 7 

labels to input space. These labels are then combined using a joint-fusion algorithm to generate 8 

a single parcellation in subject space. The WMn-MPRAGE sequence is neither part of standard 9 

clinical imaging protocols nor part of extant databases such as ADNI and OASIS. To adapt 10 

THOMAS for T1w data, one approach was to replace the cross-correlation (CC) metric with a 11 

mutual information (MI) metric in the ANTs nonlinear registration step of THOMAS and replace 12 

the joint fusion (JF) with majority voting (MV) in the label fusion step of THOMAS. We refer to this 13 

variant as T1-THOMAS. To leverage the improved intrathalamic contrast of WMn-MPRAGE, a 14 

polynomial synthesis method (box labelled HIPS) was used to first synthesize WMn-MPRAGE-15 

like images from T1w images before applying the THOMAS algorithm. Note that the WMn-like 16 

input enables the use of the more accurate CC metric for nonlinear registration as well as the 17 

more sophisticated JF algorithm compared to MV for label fusion. We call this method HIPS-18 

THOMAS.  The original THOMAS method and the T1-THOMAS and HIPS-THOMAS variants are 19 

shown in Supplemental Figure 1 below, using green, red, and cyan colours to differentiate the 20 

three methods. 21 



2 

 22 

Supplementary Figure 1. Schematic of THOMAS and the two variants- T1-THOMAS and HIPS-23 
THOMAS. T1-THOMAS (grey text) uses a mutual information metric for nonlinear registration of 24 
input to template and a majority voting algorithm to combine the labels. HIPS-THOMAS (cyan 25 
text) uses a cross-correlation metric for more accurate nonlinear registration of input to template 26 
and a joint fusion algorithm for label fusion. 27 
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Supplementary results 28 

 29 

Supplementary Figure 2. Violin plots of left hemisphere nuclei with significantly different Average 30 
Hausdorff Distances for nuclei segmented from Human Connectome Project data using 31 
FreeSurfer, HIPS-THOMAS, CNN-SCS, and T1-THOMAS approaches. Posthoc t-test results 32 
(Bonferroni corrected) are presented to show pairwise difference between segmentation 33 
approaches for each nucleus (**p<0.01, ***p<0.001). 34 



4 

 35 

Supplementary Figure 3. Violin plots of right hemisphere nuclei with significantly different Average 36 
Hausdorff Distances for nuclei segmented from Human Connectome Project data using 37 
FreeSurfer, HIPS-THOMAS, CNN-SCS, and T1-THOMAS approaches. Posthoc t-test results 38 
(Bonferroni corrected) are presented to show pairwise difference between segmentation 39 
approaches for each nucleus (**p<0.01, ***p<0.001). 40 
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 41 

Supplementary Figure 4. Violin plots of left hemisphere Dice overlap using Freesurfer as a 42 
reference space for THOMAS-variants with Human Connectome Project data. Posthoc t-test 43 
results (Bonferroni corrected) are presented to show pairwise difference between segmentation 44 
approaches for each nucleus (*p<0.05, **p<0.01, ***p<0.001). 45 
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 46 

Supplementary Figure 5. Violin plots of right hemisphere Dice overlap using Freesurfer as a 47 
reference space for THOMAS-variants with Human Connectome Project data. Posthoc t-test 48 
results (Bonferroni corrected) are presented to show pairwise difference between segmentation 49 
approaches for each nucleus (*p<0.05, **p<0.01, ***p<0.001). 50 
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 51 

Supplementary Figure 6. Violin plots of left hemisphere Average Hausdorff Distance using 52 
Freesurfer as a reference space for THOMAS-variants with Human Connectome Project data. 53 
Posthoc t-test results (Bonferroni corrected) are presented to show pairwise difference between 54 
segmentation approaches for each nucleus (*p<0.05, **p<0.01, ***p<0.001). 55 
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 56 

Supplementary Figure 7. Violin plots of right hemisphere Average Hausdorff Distance using 57 
Freesurfer as a reference space for THOMAS-variants with Human Connectome Project data. 58 
Posthoc t-test results (Bonferroni corrected) are presented to show pairwise difference between 59 
segmentation approaches for each nucleus (*p<0.05, **p<0.01, ***p<0.001).  60 
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 61 

Supplementary Figure 8. Density plots for volumes of segmented thalamic nuclei for data from 62 
healthy controls (HC), early minor cognitive impairment (EMCI), late minor cognitive impairment 63 
(LMCI), and Alzheimer’s disease (AD) using the 4 segmentation methods. Vertical lines for each 64 
density plot represent quantiles.  65 
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 66 

Supplementary Figure 9. Estimated marginal means for volumes of segmented thalamic nuclei 67 
for data from healthy controls (HC), early minor cognitive impairment (EMCI), late minor cognitive 68 
im airment       , and Alzheimer’s disease  A    sing the 4 segmentation methods. Estimated 69 
marginal means were calculated from ANCOVAs used to compare nuclei volumes for each 70 
segmentation method  71 
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Supplementary table 1. Two-way ANOVA results for HCP dataset analysis in subject space for 72 
each nucleus. Significant main effects of segmentation approach (dataset) and hemisphere 73 
(side), and interactions were found for all nuclei except for VPL, which did not show a main effect 74 
of side. 75 
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