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Overview of Additions

So#ware Specific to Brain Mapping
Updates to ANTS, PipeDream

Scripted Applica5ons
Cross‐sec7onal and Longitudinal Mul7Var. Studies

New Biomarkers
Thickness, Diffusion Tensors
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NITRC

Joint work with Tustison, Song, Das, Cook, Duda

Advanced Normalization Tools
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• ANTS: Goal is to make population statistics with 
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 ANTS Transformation Models

5

Affine Elastic Diffeomorphic 

call  “sh ants.sh”  to get usage
encodes current “best practice” parameters

Scripting
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Pipe Dream 
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Pipe Dream :    pipelined brain mapping
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Pipe Dream 
We embed our population
analysis tools in a 
portable set of shell scripts.

Scripts are self-checking 
and generate error reports.

Automate image 
reconstruction, population 
normalization and encoding 
of anatomical statistics.

Designed for naive users, 
but extensible.

:    pipelined brain mapping
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ANTS+PipeDream Processing

Automated Normalization and Segmentation of 
Cortical T1-MRI and White Matter DT-MRI Structures
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Original Data Segmentation Probability CSF Probability GM Probability WM Thickness

ANTS Segmentation Tools

Prior Based Segmentation

Needs
Evaluation
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Das, et al., Diffeomorphic Registration Based Cortical Thickness,
Neuroimage 2009.   

Thickness of the cortex 
correlates with IQ, reading 
skill, disease, etc. : 
Valuable biomarker.  

Cor5cal Thickness Measurement 
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  0                                        6

Adolescent

  0                                        6

Young Elderly

   0                                  4

Neurodegenerative

  0                                     4    

ANTS/LaplacianThickness

Cortical Thickness Across the Lifespan

10



GM Prior

Diffusion Anatomical

PipeDream T1+DTI Normalization Strategy

Template Space Individual Space
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Normalized 
Thickness
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GM Prior
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Applica7on to Human Brain Mapping
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anterior 
hippocampus

gray matter

thalamuscaudate

thalamus

putamen

putamen

caudate

ANTS + ITK-SNAP
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FTD p < 0.0045

Cross-Sectional Results in FTD: 
Cortex and White Matter Integrity

In preparation
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Brain Development in Adolescents: 
Cortex and White Matter Integrity

Template

Longitudinal MV Changes in Neurodevelopment:  Age 14 to 18

Avants, et al.  HBM 2009
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Brain Development in Adolescents: 
Cortex and White Matter Integrity

FA IncreaseThickness DecreaseTemplate

Longitudinal MV Changes in Neurodevelopment:  Age 14 to 18

Paired design, all results are FDR-corrected with p < 0.05
Avants, et al.  HBM 2009
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The PipeDream Interface

Requires:  ANTS,  dcm2nii,  image-magick
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The PipeDream Interface

HAL-2009>  sh dicom2t1.sh <raw_data_dir> <protocol_name> 
<output_dir> <output_file_root>

HAL-2009>  sh pipedreamMapT1.sh PipeDreamT1Params.txt

HAL-2009>  sh dicom2dt.sh <raw_data_dir> <protocol_name> 
<output_dir> <output_file_root>

Output:  Quality assurance metrics + cortical and deep gray 
matter labels, DT and T1 normalization, Jacobian, thickness ...

Requires:  ANTS,  dcm2nii,  image-magick
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Thanks to NIH and NITRC for supporting this work.
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