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Introduction:

Much of the work on brain image registration in the past two decades has focused on inter-subject registration of structural
T1-weighted (T1w) MRI. While T1w MRI provides great detail about the boundaries between white and grey matter, this
modality does not provide substantial contrast within white matter areas of the brain. In this work, we describe new
developments that build upon our prior surface-constrained volumetric registration method for T1-weighted MRI (Joshi et
al., 2007, 2012) by adding an additional registration component. This component can be driven by T1-weighted images
alone and can also incorporate diffusion-weighted MRI. We demonstrate the improvements provided by this method on
data from the Human Connectome Project (Van Essen et al., 2013).

Methods:

The additional registration component is implemented using an elastic-constrained diffeomorphic registration framework,
an adaptation of the Demons algorithm (Thirion 1998). For multi-modal registration, alignment forces are calculated
independently for each image modality and summed to generate a combined deformation field. To evaluate the effect of
including diffusion-weighted MRI in T1-weighted registration, we compared three registration variants: T1-weighted, T1-
weighted + fractional anisotropy (FA), and T1-weighted + color FA. Color FA registration is performed using the
preservation of principle direction method. These methods were used to align images from 20 subjects to a single
template subject, all randomly selected from the Human Connectome Project 900 Subjects Release (S900) data set.
BrainSuite was first applied to the T1w MRI to generate partial volume tissue labels and tissue fraction maps and to extract
cortical surface models (Shattuck et al., 2001). Surface-constrained Volumetric Registration (SVReg; Joshi et al., 2012) was
applied to the outputs of the cortical surface extraction to perform the initial inter-subject alignment. The BrainSuite
Diffusion Pipeline was then used to perform intra-subject registration of T1 and diffusion-weighted images using a rigid-
body method (Bhushan et al., 2015); diffusion tensors, FA, and color FA were then computed in the T1w space of each
subject. The three diffeomorphic methods were then used to refine the initial SVReg alignment.

Results:

T1-weighted image alignment was evaluated by calculating Dice scores of tissue labels (white-matter, gray-matter, and
cerebrospinal fluid) between the registered subject and template T1-weighted images. Diffusion-weighted image
alignment was evaluated by computing fractional anisotropy intensity standard deviation among the subjects and mean-
squared error between the subjects and template. The T1-weighted registration produced mean white-matter, grey-
matter, and cerebrospinal fluid Dice scores of (0.8813, 0.8237, 0.4783) respectively, while T1w+FA generated scores of
(0.8752, 0.8118, 0.4611) and T1w+color FA (0.8631, 0.7957, 0.4394). All three methods demonstrated substantial
improvement compared to the initial SVReg result, which produce scores of (0.7900, 0.6547, 0.2372). Figure 1 shows slices
of the averaged tissue maps for each registration method. T1-weighted registration achieved an FA standard deviation and
mean-squared error of 0.0215 and 0.1028. T1w+FA produced mean standard deviation and error of 0.0136 and 0.0864,
while the results for T1w+color FA were 0.0213 and 0.1019. In comparison, SVReg achieved mean standard deviation and
error of 0.0252 and 0.1035. Figure 2 shows slices of the fractional anisotropy variance for each registration method.



   ·Figure 1. Averaged tissue maps for each registration method.

   ·Figure 2. Fractional anisotropy variance for each registration method.

Conclusions:

The described registration method provides a modular framework for MRI registration that can easily be adapted to
incorporate imaging modalities. The registration results demonstrate significant improvements to our existing T1-weighted
MRI registration process, demonstrated by increased Dice scores and decreased fractional anisotropy error.

Imaging Methods:

Anatomical MRI 2

Diffusion MRI

Modeling and Analysis Methods:

Image Registration and Computational Anatomy 1

Poster Session:

Poster Session - Thursday - Part 1
Poster Session - Tuesday - Part 1
Poster Session - Wednesday - Part 1

Keywords:

MRI
Spatial Warping



STRUCTURAL MRI

1|2Indicates the priority used for review


