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The design of representative models of the human body is of great interest to medical
doctors. Qualitative information about the characteristics of the brain is widely available,
but due to the volume of information that needs to be analyzed and the complexity of
its structure, rarely is there quantification according to a standard model. To address
this problem, we propose in this paper an automatic method to retrieve corresponding
structures from a database of medical images. This procedure being local and fast, will
permit navigation through large databases in a practical amount of time. We present as
examples of applications the building of an average volume of interest and preliminary
results of classification according to morphology.
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1. INTRODUCTION

Neurological disorders like schizophrenia or Alzheimer’s disease have for long been
the subject of serious studies. It is believed that such conditions could be coupled
with abnormal configurations of different brain structures, but strong quantitative
evidence has still to be reported. Although anatomical brain atlases’™ provide
information to analyze and compare brain structures, their characteristics, such
as precise shape and variance among healthy subjects, are not yet clearly defined.
Moreover, paper representations are not sufficient to answer today’s problems in this
field;>® such atlases are two-dimensional, static and based on one or few studies.
Computer guided diagnosis, multimedia medical teaching or surgical simulation
robotics require more adaptable and complete sources of information.

Over recent years, the use of magnetic resonance imaging (MRI) has produced
huge medical brain image databases. Study of these data could provide the in-
formation needed to build numerical atlases with quantification of brain structure
characteristics. This article addresses the problem of exploring such databases to
retrieve information about a specific part of the brain (see Fig. 1). The idea is to
provide tools for practitioners to define a volume of interest (VOI) within a pa-
tient’s MRI and extract corresponding VOIs from the database. These VOIs can
be viewed as either control subjects or representative elements of different classes
of pathology. In the first case, contrast images would facilitate the identification of
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2.1. Previous Work

Many matching methods have been put forward to identify differences between brain
images (see Ref. 7 for a comprehensive review). They can be divided in two main
categories: feature-based®'! and intensity-based,'>"5 the trade-off being between
the size of the data to register and the complexity of the registration procedure.

The class of transformation T used is also important. Various approaches ex-
ist. To name a few, registration methods have been developed using linear,16-18
piecewise linear,’® quadratic®® and free-form,'>!3 classes (see Fig. 2 for a rough
classification).

Restrained

Permissive
Fig. 2. Classification of different transformation classes.

A very common approdch is to use the Talairach reference space, also known as
the three-dimensional proportional grid system.! This system uses the bicommis-
sural line and some other anatomical landmarks to partition the brain into twelve
subspaces and is an attempt to model the nonlinear differences between data sets
(see Fig. 3).

Fig. 3. Sagittal view of the Talairach divisions.
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phological variations. The subject on the left has two gyri and the one on
the right only one. These are non-trivial differences since they require the
location of absent features.

Morphometrical: These are variations due to the different properties of existing
features. For example, the length of a gyrus or the volume of the ventricles
(Fig. 4 presents two patients with different ventricle volumes). For the purpose
of this article, morphometrical variations will be divided in three categories:
Global: Brain scale morphometrical variations.
Regional: VOI scale morphometrical variations.

Local: Voxel scale morphometrical variations.

Morphometrical

( differences \
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differences

Fig. 4. Morphometrical and morphological differences.

3.2. Irrelevant Variations

As previously mentioned, our interest lies in the study of particular brain struc-
tures. In that respect, it is generally agreed that for the vast majority of subjects,
global morphometrical differences, such as the width or the length of the whole
brain, are not really significant. Furthermore, this idea can hold for differences
between sufficiently large VOIs. Our registration method will reflect those assump-
tions by correcting for affine differences at global and regional scales. This class of
transformation will correct translation, rotation, scale and skew differences between
VOIs.

Choosing this transformation class has some advantages over the Talairach al-
ternative. The proportional grid system is a reference space that is frequently used
by medical doctors, which is an important asset since they are the end-users. But it
shows poor accuracy when matching structures away from the anterior and posterior
commissures and limits the extraction procedure to the brain.

It is worth noting that correcting for affine differences between VOIs is in agree-
ment with the Talairach philosophy of not considering structures away from the
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Global morphometrical corrections. The global correction procedure consists
in estimating an affine transformation to map the database entry dimensions
to the ones of the reference image. This step is necessary to extract grossly
corresponding VOIs needed for regional comparisons in the secend step. To
reduce computation, the matching is done on sub-sampled images, a justifiable
approach since we are only looking for a gross correspondence.

Before registration, we apply to each of the two images the following trans-
formations:

1. A transformation A to a standard axis view and voxel size. In our case
these are coronal views and 1 x 1 x 1 mm® per voxel. This transformation
ensures that images coming from different sources are comparable.

2. A resampling using the scale parameter S, to the desired resolution for
global registration. In practice, this is a useful parameter that influences
the precision of the transformation obtained and the computation time.

After matching, we obtain the global affine transformation G.

Regional morphometrical corrections. This procedure is similar to the previ-
ous one. Two steps differ. The first modification concerns the database entry
for which we substitute the change of referential by the global correction ma-
trix G. As a second difference, the scaling factor for global registration S, is
replaced by its local equivalent S; and a transformation E accounting for the
VOI extraction. This last transformation is a cropping at identical locations
for both images. In our work, it is implemented using a translation, to make it
representable using matrices and a size specification. This matching provides
the regional affine transformation R.

Local morphometrical corrections. Evaluation of local differences is done us-
ing the same procedure as before, with a correction matrix R updated with
regional information, and a matching allowing a transformation class 7" of the
free-form type.

Images after the regional correction are called corresponding volumes of interest.
They differ only by morphological and local morphometrical variations. Hence,
when considering structures of the same morphology, images can be used to obtain
information concerning morphometrical dissimilarities such as size differences.

Morphological variations can be obtained by applying the third step that corrects
for local morphometrical differences. From this, the detection of particular features
- could be obtained.

An interesting aspect of our work is the combination of those transformations
by way of 4 x 4 matrices in homogeneous coordinates, and optionally a displacement
field derived from local variations, which ends up with a single transformation and
therefore a single resampling of the raw images.
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It is also possible to completely eliminate the first part of the procedure since,
for a given reference image, these transformations do not depend on the VOI def.
inition. They can be precomputed to save time. Moreover, when the reference
image changes, instead of recomputing the whole set of global transformations, it
is sufficient to combine them with the transformation that brings the old reference
image onto the new one {see Fig. 8).

Fig. 7. Coronal slice of each image composing the database. Images are numbered from 1 to 10
when counting from left to right, top to bottom.

4.2. Data Sets

The following results were obtained using a database of 10 MR images of healthy
subjects provided by Dr. Ron Kikinis of Brigham and Women's Hospital (see Fig. 7).
Each image contains 256 x 256 x 123 voxels each representing 1 x 1 x 1.5 mm® with
a possibility of 256 gray levels. A coronal slice of each of those images is shown
in Fig. 7 in which the left side of the subject corresponds to the left side of the
image. The images will be called Iy,.. ., 1o, referring to the corresponding image
when counting from left to right, top to bottom. All experiments were conducted
on a DEC AlphaStation 400 4/233.
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4.3. Results

We present the correction of morphometrical differences for a VOI in the left tem-
poral lobe of the brain. The reference image is I;¢ in which we define a VOI of
64 x 64 x 20 voxels of 1 x 1 x 1 mm3.

Figures 8-11 show the evolution of the VOIs throughout the correction proce-
dure. The first image, Fig. 8, presents the VOIs taken before any processing. It
exhibits the differences due to intensity and positioning. After the first step which
consists of intensity corrections and elimination of global morphometrical differ-
ences, the VOIs seem much more similar (see Fig. 9).

Although affine dissimilarities are small, it is still possible to eliminate those
variations by matching only the VOI images instead of the whole brain volume.
Results of this second phase are shown in Fig. 10. They represent corresponding
VOIs and their differences are due only to morphology and local morphometry.

The third step is to eliminate those local morphometrical differences. After this
(see Fig. 11), we believe that only morphological differences are present.

Fig. 8. VOIs after global correction.
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