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Abstract: Structural magnetic resonance imaging (MRI) of the brain is an increasingly useful
tool in the study of neurodegenerative diseases. MRI is currently the fastest developing medical
imaging modality which is applied to an increasingly number of different medical diagnostic
situations. Serial acquisition structural images of a subject’s brain are acquired over time offers
opportunities to monitor the progression of tissue volume changes in fine detail at all anatomical
locations. As a result, the analysis of structural MRI data has been an active area of image
analysis research for many years especially in early diagnosis, tracking of disease progression,
which makes it possible to investigate how, for instance, a patient responds to treatment. The aim
of the paper is to investigate and analyze brain tissue changes in Alzheimer’s disease using non-
rigid medical image registration and statistical analysis techniques. In our proposed approach,
first the source and the target images are affinely registered to correct global differences between
the images and then non-rigid registration based on free-form deformation using B-spline
approximation is performed on the images. The resulting displacement values from the non-rigid
registration are further investigated for deformation in the entire brain to detect typical
deformation patterns. Finally, statistical method namely t-test is performed for analysis of the
results. The initial results indicate that the tissue volume change in the brain occurs
predominantly in the hippocampus of the brain.

Key-Words: Magnetic resonance imaging, Image registration, Free-form deformation,
Alzheimer’s disease, Statistical analysis, T-test.

1 Introduction localization, tumor growth detection and
Medical imaging has gone through a lung cancer screening [1]. Because of its
revolution since the advent of X-ray importance in various application areas and
computed tomography imaging in early its complicated nature, image registration
seventies and the introduction of other has been the topic of much recent research
imaging modalities such as magnetic [2,3.4.5, 6]' ] ]
resonance imaging, positron emission Tl}e.apphcgtlon.of automgted Volumetr.lc
tomography, etc in the later years. Image non-rigid reg.lst.ratlon te.chnlques to brain
Registration is a fundamental task in many shape analysis is emerging as a powF:rful
modern Image Processing and Computer approach to automated = computational
Vision tasks. Image registration plays a neuroanatomy [7, 8, 9, 10, 11]. Non-rigid
vital role in current clinical practice and registration essentially aims to capture all
biomedical research. Various image geometric differences between scans in
registration applications include terms of a spatial transformation. By
multispectral classification, environmental estimating the transformation to bring
individual brain structures into

monitoring, change detection, target
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correspondence with a common anatomical
space, it allows spatial mapping of local
shape differences over the brain across a
population.

Alzheimer's disease (AD) is arguably
one of the greatest threat to public health in
the 21st century. AD is a progressive
disorder that leads to problems with
memory, learning, judgement,
communication, and the basic abilities
needed for independent living. At present,
researchers know of no single cause, nor of
a cure. Imaging studies have become a
priority in Alzheimer’s disease research as
they can be used to evaluate treatments that
may slow or delay the disease process
[12,13].

The proposed work investigates on the
application of non-rigid medical image
registration and  statistical  analysis
techniques to serially acquired MRI scans,
with the aims of identifying tissue volume
changes in the brains of AD patients and to
distinguish differences between patients
and controls. Differences between groups
of subjects may be relevant to diagnosis,
tracking of disease progression, and
monitoring of potential disease-modifying
treatments.

2 Image Registration

Image registration is the process of
overlaying images of the same scene taken
at different times, from different
viewpoints, and/or by different sensors. In
other words it is a process of finding a
transformation that aligns one image to
another. Image registration is a fundamental
task in image processing. Virtually all large
image analysis systems which evaluate
images uses image registration techniques
as the intermediate step [14]. The first step
is to find a correspondence between voxel
in the source image with the pixels in the
target image. More precisely the goal of
image registration is to fine a
correspondence function or mapping F' that
takes each spatial coordinate X: and returns
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a coordinate Xs for source image. Now we
have
Xs = F (X1) (1)

Once the transformation function is
obtained, the source image may be brought
in to registration with the target image by
warping the source using interpolation. A
typical categorization of registration
techniques based on transformation types
are classified into rigid, affine and non-
rigid registrations. The rigid registration
allows translation and rotation. The
normalized shape attributes are altogether
preserved and the process is usually
concerned merely with some common
alignment. The Affine registration allows
the image to stretch and skew along at least
one axis or dimension, but not necessarily
all (so that homogeneous scaling can be
broken). Despite the fact that previously
essential constraints are broken, all lines
that were parallel remain parallel after the
transformation is applied. All other valid
transformations  fall  into  non-rigid
registration category. In principle, no
inviolable constraints are in place, but quite
clearly a non-rigid transformation attempts
to preserve some of the primary structure of
the image while avoiding tearing and
folding. This means that each voxel in the
range must map to another and no voxel is
left undefined.

The main difference between rigid and
non-rigid registration techniques is the
nature of the transformation. The goal of
rigid registration is to find the six degrees
of freedom (3 rotations and 3 translations)
of a transformation which maps any point
in the source image into the corresponding
point in the target image. An extension of
this model is the affine transformation
model which has up to twelve degrees of
freedom and allows for scaling and
shearing. By adding additional degrees of
freedom, such a linear transformation
model can be extended to non-linear
transformation models.

Free-form deformations (FFD) based on
locally controlled functions such as B-
splines are a powerful tool for modeling 3D
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deformable objects [15] and have been used
successfully for image registration [16, 17,
18].The basic idea of FFDs is to deform an
object by manipulating an underlying mesh
of control points. The resulting deformation
controls the shape of the 3D object and
produces a smooth and continuous
transformation.

In our proposed approach, non-rigid
registration based on FFD using B-spline
approximation has been performed on the
3D brain MR images. The non-rigid
registration algorithm moves the control
points, tissue motion is described by FFD
using B-spline approximation between the
control points. In contrast to other methods,
spline-based FFDs require a regular mesh
of control points with uniform spacing. The
control point spacing determines the
flexibility of the grid. FFD using B-spline
approximation was previously evaluated for
the registration of 3D breast MR images
[16] and of 3D brain MR images [19].

A spline-based FFD is defined on the
image domain

Q={(x,y,2)10<x< X,0<y<Y,0<z<Z} (2)

Let ® denotes an n, X n, X n, mesh of
control points ¢; ; x with uniform spacing 6.
In this case the displacement field u defined
by the FFD can be expressed as the 3D
tensor product of the familiar 1D cubic B-
splines [20]

W)=y > > QuEMgme (3)

ol e 1+H, j+mk4n

Where

and 6, represents the / th basis function
of the B-spline
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O,(s)=(1-5)/6
0,(s)=(3s’—65"+4)/6
0,(s)= (=35’ +3s>+35+1)/6
493(5):53/6

(6)

In contrast to thin-plate splines [21], B-
splines are locally controlled, which makes
them computationally efficient even for a
large number of control points. In
particular, the basis functions of cubic B-
splines have a limited support, i.e.,
changing control point affects the
transformation only in the local
neighborhood of that control point.

3 Deformation Field Analysis
First, source and target images are affinely
registered with 12 degrees of freedom. The
purpose of doing affine registration is to
correct for global differences between the
images. Then the non-rigid registration of
the images is performed to produce the
displacement values throughout the brain
for each voxel in the image. The resulting
displacement map can be used to
investigate deformation in the entire brain
and to detect typical deformation patterns.

The non-rigid registration algorithm
results in a 3D deformation field D which is
mathematically defined as a vector field D:
R’ -> R® and maps a point pyurce(X,y,2)
from the source image to the target image
Piarget = D(Psource ). Usually the deformation
field is visualized as a displacement field.
This field represents the displacement of
each point p and is defined on the basis of
the deformation field:

D(p)=p+d(p) W

The Jacobian operator can be used to
measure local relative tissue volume change
throughout the brain. It is defined at the
point p as the determinant of the Jacobian
matrix of the deformation field.
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oD, D, oD,
9, 9, o,

Jae (py| Do D, 9D, "
’ 9, 9, o
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9, 9, o

The Jacobian operator relates an elementary
volume O Vi, in the source image to the
corresponding deformed volume O Viarger IN
the target image

5 Vtarger: Jacp (D) . 5 Viource (9)

An intuitive way of representing shape
information is to consider only relative
volumes [22, 23]. Relative volumes can
be represented by

Vrelative = det (J + I) (10)
where I is a 3x3 identity matrix. Adding the
identity matrix is done to ensure that an
identity deformation has V,.m. = 1. If
V,etive > 1, the volume of the source is
larger than the target and vice versa for
V vetaive < 1. We apply the Jacobian operator
to the deformation field determined by the
non-rigid algorithm to analyze the local
volume change for each point in the image.

4 Statistical Analysis

The t-test is one of the simplest and most
commonly used statistical methods [24].
The single-sample t-test concerns a
hypothesis on the mean of a sample; the
two-sample t-test considers the difference
in means between two groups. The paired t-
test is appropriate when the observations in
two samples are in correlated pairs, as for
example when a single quantity is measured
on two occasions, and hence is important in
cross-sectional and longitudinal studies. In
our proposed approach, student's t-test is
used to analyze the statistically significant
localized differences between patient and
control groups. T-test is applied on the each
of the relative volume voxel and tested
cross-sectionally across the subjects for
significance.
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S Results

The Alzheimer’s disease Neuroimaging
Initiative(ADNI) data set from Laboratory
of Neuro Imaging, University of California
Los Angeles is used in our study [25]. The
two time-point (screening and 6 months)
data-set of T1-weighted MR volumes of 41
AD patients and 51 healthy controls is used
in our study. Whole brain T1-weighted 3D
MPRAGE (magnetization-prepared rapid-
acquisition gradientecho) data sets were
acquired in the sagittal plane using both GE
Signma T 1.5 and Siemens T 1.5
Symphony MRI systems. The acquired
volumes had dimensions of 256 x 256 x
166, with slice thickness of 1.2 mm.

Each image in the ADNI dataset has
undergone specific image preprocessing
correction steps. These corrections include
gradwarp, B1 non-uniformity and N3.
Gradwarp is a system specific correction of
image geometry distortion due to gradient
non-linearity. The degree to which images
are distorted due to gradient non-linearity
varies with each specific gradient model. It
is anticipated that most users would want to
use images which have been corrected for
gradient  non-linearity  distortion  in
analyses. B1 non-uniformity correction
procedure employs the B1 calibration scans
noted in the protocol above to correct the
image intensity non-uniformity that results
when RF transmission is performed with a
more uniform body coil while reception is
performed with a less uniform head coil.
N3 is a histogram peak sharpening
algorithm which is applied to all images. It
is applied after grad warp and after Bl
correction for systems on which these two
correction steps are performed. N3 will
reduce intensity non-uniformity due to the
wave or the dielectric effect at 3T. 1.5T
scans also undergo N3 processing to reduce
residual intensity non-uniformity.

To avoid influence from both the highly
deformable soft tissue areas around the
brain and the skull, the part of the image
that contains the brain needs to be extracted
from the rest of the image. For this purpose,
a simple and most widely used
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segmentation  method namely  brain
extraction tool (BET) [26] is used on the
dataset. BET takes an image of a head and
removes all the non brain parts of the
image. It uses surface model approach, to
robustly and accurately carry out the
segmentation without user intervention in
short duration of time. BET results in image
volumes containing only gray matter, white
matter and internal cerebrospinal fluid as
shown in Fig.1. Visual inspection of the
extracted images shows that for the
automatic brain extraction has succeeded
quite well.

Image registration is often an essential
step in the process from data acquisition to
image analysis. After extracting the brains
from the images, next phase is to register
the AD patient and Control images to a
common reference. During the registration
process MNI152 template is used as a

B. S. Mahanand, M. Aswatha Kumar

target image. Advantages of using an
MNI152 template for registration that it
provides a reference that captures general
variation of a population. First, source and
target images are affinely registered with 12
degrees of freedom. The purpose of doing
affine registration is to correct for global
differences between the images. Then non-
rigid image registration based on free-form
deformation using B-spline approximation
is performed. Image Registration Toolkit
(ITK) was used in our work to perform the
registrations[16, 27, 28].During non-rigid
registration process, choice of the spacing
of the control points regulates the level at
which the deformation takes place. In our
approach, we have chosen a starting grid
spacing of 20 mm, 10 mm and 5 mm
respectively at three levels to find the non
linear transformations.

(b)

Fig.1. (a) Slices from a single MR image before brain extraction (b) After brain extraction
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(c)

Fig.2. Subject 9 in (b) is registered to the target in (a). The result is shown in (c)

As shown in the Fig.2, the result of the
affine registration and non-rigid
registrations are visually inspected to
ensure that the registration has succeeded.
Inspection of the images shows that all the
registrations are satisfactory.

The non-rigid registration produces the
displacement values for each voxel in the
image. The Jacobian operator is applied on
the displacement field to visualize the
relative volume change throughout the
brain. Bright represents areas which are
larger in the source than in the target, and
vice versa for dark areas. A medium value
(similar to background) represents no
volume change. The slices from volumes of
relative volumes obtained after Jacobian
operator is shown in the Fig.3.

Voxelwise statistical analysis is
performed to find statistically significant
localized difference between two groups of
subjects. Student t - test method with an
alpha criterion of 0.05 is used for analysis
of results. The resulting ¢ values and p
values from the t-test are further analyzed
to identify the tissue volume change
throughout the brain. The initial results
indicate that the tissue volume change in
the brain occurs predominantly in the
hippocampus both in screening and 6
month time interval groups. The

statistically significant differences found
between AD and control group are shown
in Fig.4 and Fig.5. Statistical maps with p
values of screening data of the AD patients
and controls is shown in Fig.6 and Fig.7.

Fig.3. Slices of volume change per voxel subject 9.
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Fig.4. Statistically significant differences between screening data of AD patients and
control group overlaid with anatomical data.

Fig.5. Statistically significant differences between 6 month time interval AD patients and
control group overlaid with anatomical data

2 40 60 G0 100 120 140 160 180 200 D40 B 8 M0 10 0 B0 180 D40 60 8 0 10 140 160 180

Fig.6. Statistical maps with p values (p<0.05) of screening data of the AD patients and controls.
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Fig.7. Statistical maps with p values (p<0.05) of 6 month time interval AD patients and control

6 Conclusion

The main aim of the work is to analyze the
deformation fields in Alzheimer’s disease
patients. The proposed work uses the
techniques of image registration and
Jacobian operator to analyze the brain
tissue changes in Alzheimer’s disease. For
image registration, we have used affine
registration to correct for global differences
and non-rigid image registration based on
free-form deformation using B-spline
approximation. Further, 3D deformation
fields are analyzed using student t-test.
From our initial investigations, it has been
found that a considerable amount of
deformation in the brain  occurs
predominantly in the hippocampus both in
screening and 6 month time interval groups.
These differences between groups of
subjects may be relevant to diagnosis,
tracking of disease progression, and
monitoring of potential disease-modifying
treatments. In addition, brain tissue change
may yield a more sensitive endpoint for
diagnosing Alzheimer disease tracking its
chronological progress in treatment trials
and possibly for other neurodegenerative
diseases. In future, along with structural
magnetic resonance imaging, diffusion
tensor imaging and other powerful analysis
methods may be investigated to find
clinically more useful information in mild
cognitive impairment and Alzheimer’s
diseases.
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