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INTRODUCTION: (999 chars; max 1000 characters, spaces included)
Registration methods are typically divided into two types: Volumebased ones, that perform well for subcortical regions, but have difficulty in matching cortical surfaces due to the high complexity and
variability in their patterns. And cortex-based ones, for which only
segmented cortices are registered, and the rest of the brain volumes
are discarded.
Recently, a few algorithms have been designed to achieve a good
registration over the whole 3D brain, including the cortex (e.g. [5],
[7]). We build on [5], where a landmark-based cortical registration is
performed and extended to the whole brain using a harmonic map.
The matching is improved via a 3D elastic registration.
The cortical mapping in [5] involves manual tracing of sulci to be
used as landmarks for the registration. We use Freesurfer[3] for the
surface registration instead, so the entire process is automated. We
also replace the elastic regularizer with a Riemannian fluid one [1]
so as to be able to generate large deformations.
METHOD: (1906 chars; max 2000 characters, spaces included)

We obtained 3D T 1-weighted structural brain MRI scans for
343 subjects (4 Tesla MRI, Center for Magnetic Resonance, University of Queensland, Australia). Non-brain tissues were manually
deleted from the images using Display (Montreal Neurological Institute, Canada). All scans were then aligned to the ICBM53 template
using 9-parameter registration (3 translations, 3 rotations and 3 scalings) [4].
Our registration method aims to produce a one-to-one mapping
between two brain volumes such that the subcortical structures and
the cortical surfaces are aligned. Let M and N represent the subject
and target brain brain volumes, with cortical surfaces dM and dN ,
respectively.
Our method consists of:
1. Surface matching: A map is computed between dM and dN . We
used Freesurfer for extraction of the cortical surface meshes, and
for the cortical registration.
2. Extrapolation of the surface map to the entire enclosed cerebral
volume, such that the cortical surfaces remain aligned: This is
done by computing a 3D harmonic map u from M to N while prescribing the deformation field defined on the cortices as a boundary condition [5].
3. As a result of these two steps, we get a diffeomorphism between
the two brain volumetric manifolds M and N . The map aligns
the folding patterns of the sulci but does not align the subcortical structures. This map is refined further in the next step using
Riemannian fluid-based intensity registration [1], using the displacement field from step 2 to initialize the registration.
We performed all 3 of the steps between each image in the dataset
and a template, which was chosen randomly as one of the subjects
images. For each subject, we obtained a displacement field and a
registered image from the surface matching and the subsequent harmonic mapping. Steps 2 and 3 both generate diffeomorphic maps;
hence the final results will also be diffeomorphic, as the composition
of two diffeomorphic maps [2].
RESULTS: (1477 chars; max 2000 characters, spaces included)

Fig 1 shows a comparison of the results of the combined fluid
algorithm to those of the 3D Riemannian algorithm with no surface
constraints, and to replacing step 3 in our method by the elastic
code of [5]. Registration results are shown mapping one subject to
a template (moving image, first column; fixed target image, second
column). The last three columns show the results of the registration for elastic registration with surface constraints (third row), the
fluid registrations without surface constraints (fourth row) and with
constraints (fifth column); the fifth row shows accurate cortical and
subcortical registration. Results are more accurate for the combined
fluid code both on the cortex (see boxed area in figure) and for subcortical structures.
The first row in Fig 2 show the variance in intensity at each
voxel for the images in our dataset, with the variance values shown
according to the colorbar on the right.. The variance is much lower
for the combined algorithm. This is true even in subcortical areas,
except within the ventricles. The bottom row in Fig 2 shows the
results of averaging the intensities of all 342 registered images, with
the colorbar showing the mean intensity. For the results using the
proposed hybrid algorithm, features at the cortical boundary and the
ventricles are still clearly defined after averaging. This is in marked
contrast with those from the Riemannian registration alone, where
many key anatomical features are blurred away by the averaging.
CONCLUSIONS: (770 chars; max 1000 characters, spaces included)
We investigated a new combined algorithm for the registration
of brain MR images. Our algorithm was tested on a large data set of
342 healthy adults, and showed significant improvement over using
fluid registration alone or the combined elastic algorithm, both for
subcortical areas and in the vicinity of the cortex.
As a next step, a large-scale group validation will be used to
compare the performance of our algorithm to other state-of-art registration codes [6]. Because our approach produces diffeomorphic
mappings while enforcing cortical constraints, it is likely to improve
results in the many tensor-based morphometry studies now being
conducted to assess the effects of disease, medication, and specific
genetic polymorphisms on brain structure.
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