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Introduction

Inter-subject registration of whole brain MRI
Challenging: high anatomical variability, convoluted 
folding of the cortex
Many applications: morphometry, functional 
localization, atlas creation

Feature-based
Uses lower dimensional representation of anatomy, 
but can possibly lack subtle information

Intensity-based: 
Uses anatomical image intensities to drive the 
registration, but lacks anatomical guidance

Our approach uses segmented multiple structures of the 
brain as “features” to guide the MR-based registration

Initial Brain Segmentation

Freesurfer image analysis suite
Subcortical segmentation1

Cortical surface 
reconstruction and 
parcellation2

Multi-Structure Registration

Multiple simultaneous channels, each consisting of a 
different brain structure
Diffeomorphic registration: 1-1, smooth, invertible

Large deformation diffeomorphic setting (LDDMM)3

Preserves topological properties of anatomy
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Results

1.5T brain MR scans brains from the Internet 
Brain Segmentation Repository (IBSR) 4

Mapped all subjects to a chosen template
Multi-structure LDDMM compared against:

Free-form Deformation B-splines, IRTK 5
Single channel LDDMM

Quantitative and qualitative evaluation

Cortical Surface Distance

Mean surface distance between propagated and 
template surfaces

Cortical Surface Outline

Qualitative visualization of the cortical surface 
alignment

Propagated cortical surface compared to 
reference surface

10 Elderly Subjects 
(Population)

Population Average Construction

Extended unbiased diffeomorphic atlas construction6 to incorporate multi-structure registration

Performed Freesurfer cortical surface reconstruction on the resulting population averages images
Population average gives good representation of major gyri and sulci 

Conclusions

Explicitly incorporating penalty for mismatch of cortical 
and subcortical segmentations

Notable improvements in cortical and subcortical 
structures
More accurate volumetry, morphometry, or 
functional localization in brain mapping studies

Multi-structure Population average
Exhibits major cortical features well enough for 
cortical reconstruction
Valuable tool for interpretation, visualization and 
processing of anatomical data

Limitations:
High computational cost with LDDMM; requires 
high-performance computing machines

Future work:
Incorporate additional features such as fractional 
anisotropy or functional data
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Cortical Surface Distance

Overlap of propagated expert segmentations 
with the template: Dice similarity coefficient
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Lateral Ventricles

Thalamus
Caudate Nucleus

Putamen
Globus Pallidus

Hippocampus
Amygdala

Nucleus Accumbens
Frontal pole

Insula cortex
Frontal gyrus 1
Frontal gyrus 2

Frontal gyrus 3, pars triangularis
Frontal gyrus 3, pars opercularis

Precentral gyrus
Temporal pole

Sup. temporal gyrus, ant. division
Sup. temporal gyrus, post. division

Middle temporal gyrus, ant. division
Middle temporal gyrus, post. division

Middle temporal gyrus, temporo!occipital part
Inf. temporal gyrus, ant. division

Inf. temporal gyrus, post. division
Inf. temporal gyrus, temporo!occipital part

Postcentral gyrus
Sup. parietal lobule

Supramarginal gyrus, ant. division
Supramarginal gyrus, post. division

Angular gyrus
Lateral occipital cortex, sup. division
Lateral occipital cortex, inf. division

Intracalcarine cortex
Frontal medial cortex

Supplementary motor cortex
Subcallosal cortex

Paracingulate gyrus
Cingulate gyrus, ant. division

Cingulate gyrus, post. division
Precuneus cortex

Cuneal cortex
Frontal orbital cortex

Parahippocampal gyrus, ant. division
Parahippocampal gyrus, post. division

Lingual gyrus
Temporal frontal cortex, ant. division

Temporal frontal cortex, post. division
Temporal occipital fusiform cortex

Occipital fusiform gyrus
Frontal operculum cortex
Central opercular cortex

Parietal operculum cortex
Planum polare

Heschls gyrus 1
Planum temporale

Supracalcarine cortex
Occipital pole
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