VOLUMETRIC MRI ANALYSIS OF THALAMIC STROKE
PATIENTS

Pimar Ozel

BS, Electronics Engineering, Erciyes University, 2007

Submitted to the Institute of Biomedical Engineering
in partial fulfillment of the requirements
for the degree of
Master of Science
in

Biomedical Engineering

Bogazici University

2011



VOLUMETRIC MRI ANALYSIS OF THALAMIC STROKE
PATIENTS

APPROVED BY:

Prof. Dr. Ahmet Ademoglu ...................
(Thesis Advisor)

Dog¢. Dr. Burak Giigli =~ ... ... L

Prof. Dr. Sadik Kara ... ... .......

DATE OF APPROVAL: 31 March 2011

i



il

ACKNOWLEDGMENTS

First of all, I would like to thank my supervisor Prof. Dr. Ahmet Ademoglu
and Research Assistant Adil Deniz Duru for their help and encouragement throughout

my graduate study.

I wish to thank the Neurology Department in Faculty at the Medicine in Istanbul
University for providing me MRI data. Especially, [ must express my gratitude to Dr.

Ferda Ilgen Uslu for answering my questions sincerely.

In addition, Iwould like to thank my dear friends Aysel Figgin, Taliha Pasaoglu,
Betiil Polat, Elif Kubat, Fatma Simgek and Aslihan Dinger for their unlimited

encouragement.

And also, I want to state my thanks to Caner Giimiis for his help in Latex

environment.

Finally, I would like to thank my parents, my elder sister and my brother for
their invaluable support and encouragement. Without their support, I could never

make it this far.



v

ABSTRACT

VOLUMETRIC MRI ANALYSIS OF THALAMIC STROKE
PATIENTS

The thalamic pain syndrome is a weakly deduced phenomenon that develops
as a complication of a small stroke in the thalamus. Because this syndrome results in
many different physiological disturbances, it is critical to understand its physiological
basis to diagnose and to treat it. It is important to determine the whole volume of
the lesion and to label it with reference to an anatomical atlas in order to identify
the stroke region more accurately. In this thesis, we develop a software tool to help
the neuroradiologists interpret the stroke region more accurately by estimating its
volume and identifying its anatomical label. To reduce the anatomical variability, the
first step consists of spatial registration and normalization of brain images. This
is achieved using the procedure implemented in the Statistical Parametric Mapping
(SPM) package in Matlab. Normalized MR images are used to identify the lesions
in the brain, to calculate its volume and to label it in a graphical user environment.
Three types of neuropsychological tests i.e. are Mini-Mental State Examination
(MMSE), Frontal Behavioral Inventory (FBI), Beck Depression Inventory (BDI) are
evaluated in estimating their correlations with the total volume of selected regions.
Neuroradiologists can potentially benefit from the software to diagnose and to treat
the thalamic stroke patients. Furthermore, such a platform may help the clinicans to
interact with each other distantly by exchanging more objective information about the
clinical neuroanatomical assessment of their patients. Additionally, correlation analysis
of neuropsychological tests and stroke volume in the Talairach atlas plays a role for the

neuropsychological and neuroanatomical data fusion for a better assessment.

Keywords: Thalamic syndrome, registration, normalization, structural MRI,

Talairach atlas, Neuropsychologic tests, MMSE, FBI, BDI.



OZET

TALAMIK INME HASTALARIN VOLUMETRIK MRG
ANALIZI

Talamus icindeki kiigiik bir inmenin komplikasyonu sonrasi olugun Talamik
inme sendromu, az bilinen bir sendromdur. Bu sendrom farkh fizyolojik problemlerle
de sonuclanacagindan, bu problemleri anlamak, hastaligi teshis etmek ve daha dogru
bir sekilde tedavi etmek agisindan 6nemlidir. Dolayisiyla, inme olan bolgeyi daha iyi
yorumlamak icin lezyon bolgesinin tiim hacmini belirlemek ve bir anatomik atlasa gore
etiketlemek oldukca 6nem tagir. Bu tezde, nororadyologlarin inmeyi daha dogru yo-
rumlamasina yardimci olmak amaciyla, lezyon bolgesinin anatomik etiketini bulan ve
lezyon hacmini tahmin eden bir yazilim araci gelistirildi. Anatomik degiskenligi azalt-
mak i¢in ilk agama Matlab iizerinde caligan SPM5 yazilimi kullanilarak, alinan beyin
goriintiilerinin uzaysal olarak cakigtirma ve olaganlastirma agamasiydi. Talairach At-
lasina dayali ara-yiiz vasitasiyla, beyindeki lezyonlu bolgeyi secip, lezyonun hacminin
hesaplanmasinda ve lezyonun tam olarak nerede oldugunun isaretlenmesinde elde edilen
normalize edilmis MR goriintiileri kullanildi. Mini-Mental Durum Muayenesi (MMSE),
Frontal Davranig Envanteri (FBI), Beck Depresyon Envanteri (BDI) olmak iizere iig
tip noropsikometrik test bu calismada degerlendirildi. Noropsikomerik testler ile Ta-
lairach atlasina gore secilmis lezyon boélgelerinin hacimleri arasinda korelasyon analizi
yapild1 ve sonuclar sunuldu. Noéroradyologlar, talamik inme hastalarini teghis etmek ve
tedavilerine yardimci olmak amaciyla bu yazilimdan yararlanabilir. Ayrica, bdyle bir
platform klinisyenlerin hastalar: iizerinde néroanatomik degerlendirmesi hakkinda uza-
ktan birbirleriyle bilgi aligverigine yardimci olabilir. Buna ek olarak, noropsikometrik
testler ile atlasa gore secilen bolgelerin hacimleri arasinda yapilan korelasyon analizinin

sonuclar1 bu verilerin birlikte yorumlanmasinda rol oynayabilir.

Anahtar Sozciikler: Talamik inme, registrasyon, normalizasyon, anatomik MRG,

Talairach atlas, Noropsikometrik test, MMSE, FBI, BDI.
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1. INTRODUCTION

1.1 Mbotivation and objectives

A stroke (sometimes called a cerebrovascular accident (CVA)) occurs when a
blood clot blocks an artery or a blood vessel breaks, interrupting blood flow to an area
of the brain. When either of this findings happens, brain cells begin to die. Thalamic
syndrome is a type of stroke that can be related to insufficient blood supply from
the posterior cerebral artery. It is an uncommon neurological disorder in which the
body becomes hypersensitive to pain due to injury in the thalamus. Because thalamic
stroke is of vital importance, more studies are needed to be conducted to evaluate its

physiological effects on patients.

Spatial illustration of the thalamic lesions is important, for the fact that some of
the dissociated thalamic nuclei only have a volume of a few cubic milimeters, and every
nucleus has its own forward and reverse feeding features. By means of these features,
the lesions show complicated images although thalamus exists in a very small area.
Because of the recent improvements in neuroimaging, it is now possible to localize the
thalamic lesions, nucleus dissociation and volume. By this way, the clinical data can be
more finely correlated with the imaging and prognosis findings. The animal experiments
that have been made over a century has also proven that many anatomical relations

are arranged by means of these nuclei in the thalamus [1].

In this thesis, we develop a software tool to help the neuroradiologists to inter-
pret the stroke more accurately by identifying and labelling lesion. The selected volume
is estimated and its anatomical substructures are identified by labelling them with ref-
erence to the atlas. The percentage volume of each substructure is also estimated to

generate a ’fingerprint’ of the stroke in a neuroanatomical sense.

In this study, structural lesions of 43 patients, that are diagnosed by acute



isolated thalamic infarction problem, are localized by an expert neurologist using this
software tool; the correlation between the percentage volumes and the clinical and

neuropsychological tests are estimated.

Chapter 2 begins with an overview of the Thalamic Pain Syndrome and its
diagnostic and Neuropsychological Tests. Then anatomic atlases and labelling methods
are introduced and some studies using different anatomic atlas and labelling methods
are reviewed. Chapter 3 describes the proposed method and its implementation for
anatomical labelling. Chapter 4 gives the results. Chapter 5 discusses the results and

offers some recommendations for future work.



2. BACKGROUND

2.1 Thalamic pain syndrome and its diagnostic tests

According to a definition which is devised by the World Health Organization in
the 1970s, stroke is a 'meurological lack of cerebrovascular reason that continue more
than 24 hours or is stopped by death within 24 hours’ |2|. The 24-hour border separates
stroke from transient ischemic attack, which is a related syndrome of stroke symptoms
that resolve totally within 24 hours [3|. Stroke is the most usual life-intimidating
neurologic disease and is the third leading reason of death in the United States, after
heart disease and cancer |4]. Although stroke is more often disabling than lethal, stroke
mortality for 2005 was 143,579 [5]. In the elder people, the segment of population
where most stroke occurs, it is also a major source of disability [2]. The American
Heart Association estimated there are more than 6 million people in the United States

today have survived a stroke [5].

A stroke (sometimes called a cerebrovascular accident (CVA)) occurs when a
blood clot blocks an artery (a blood vessel that carries blood from the heart to the
body) or a blood vessel (a tube through which the blood moves through the body)
breaks, interrupting blood flow to an area of the brain. When either of these things
happens, brain cells begin to die [4]. When brain cells die during a stroke, abilities
controlled by that area of the brain are lost. These abilities include speech, movement
and memory. How a stroke patient is affected depends on where the stroke occurs in
the brain and how much the brain is damaged [5]. Strokes can be divided into two chief
classes: ischemic and hemorrhagic [6]. Ischemic strokes are those that occur because of
interruption of the blood supply, however hemorrhagic strokes - whose types are intra-
cerebral hemorrhage or subarachnoid hemorrhage - stems from the fact that rupture
of a blood vessel or an abnormal vascular structure. 87% of strokes are caused by is-
chemia, and the remainder by hemorrhage. Among the stroke types caused by ischemia,

approximately 1.1% of them are isolated thalamic infarct [7] and the thalamus is one of



the most affected area for intracerebral hemorrhages [8]. At the beginning of this cen-
tury Dejerine and Roussy presented a comprehensive description of thalamic syndrome
[4]. Thereafter, in 1925 Lhermitte and in 1930 Baudouin et. al. made significant
contributions by explaining the characteristics of thalamic hemorrhage [9, 10, 11].
Fisher showed the importance of language defect and ocular motility disturbances
in thalamic hemorrhage [6]. According to these definitions, thalamic syndrome (or
Dejerine Roussy syndrome) is a disease that can be in a relation with insufficient blood
supply from the posterior cerebral artery. It is an uncommon neurological disorder in

which the body becomes hypersensitive to pain due to injury to the thalamus |8|.

2.1.1 The anatomy and location

The thalamus, which is a diencephalic structure, has a nuclei that represents
an entrance for input and output to and from the cerebral cortex. It takes, modifies,
and relays information from somatomotor reticular formation, major afferent and limbic
system pathways. The thalamus is supplied by four arterial systems, three derived from
the vertebrobasilar system (paramedian thalamo - subthalamic, thalamo-geniculate,
and posterior choroidal arteries) and one derived from the posterior communicating
artery (polar artery). Vascular lesions in each of these territories give rise to distinct
clinical syndromes. The thalamus performs as a central processing center for sensory
information flowing toward the brain from the rest of the body. Sensory knowledge
such as touch, pressure, heat, cold, and pain circulates along nerves from all parts of
the body into the spinal cord, where it travels upward along privated paths toward the
brain. As all of the different sensory tracts go into the brain through the brainstem,
they come together upon the thalamus, where the multitude of sensations are processed
and integrated . And then the thalamus relays them to suitable areas of the brain where

the information is used or brought into the individual’s conscious awareness |7, 11, 12|.

The lateral part of thalamus is covered by myelinated axons and forms the
External Medullar Lamina (EML) and separates the thalamus from capsula interna.

Inside the EML, the reticular nucleus, which is a cluster of cells, is located [13]. The grey
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Figure 2.1 The nuclei of thalamus.

matter forming the thalamus is separated into main parts by means of white matter
lamina named Internal Medullar Lamina (IML), which passes through the middle of
the grey matter and can be seen by naked eye |14, 15|. In this lamina, some of the fibers
from and to the nuclei of the thalamus and small nuclei are located. This lamina, that
seperates thalamus into two in sagittal plane, divides into two planes in upper-front
part. Between the planes of IML, anterior nuclei are located together with the medial
nuclei inside and lateral group nuclei outside parts [13|. As a result, the thalamus is
separated into 4 parts anatomically and functionally by IML and EML: inferolateral,
paramedian, anterior and posterior [16]. There is a fifth region inside the thalamus,
called intralaminar nuclei, surrounded by these lamina [15]. In Figure 2.1, the most
noticeable nucleci of thalamus are shown. In Table 2.1, the abbreviations for the nuclei

of Thalamus shown in Figure 2.1 is presented.



Table 2.1
The abbreviations for the some nuclei of Thalamus

MD Medial Dorsal

Pul Pulvinar

VL Ventral Lateral

VPL | Ventroposterolateral

IML Internal meduller lamina

VPM | Ventroposteromedian

Pum | Medial pulvinar

Pua Anterior pulvinar

MGN | Medial geniculate nucleus

LGN | Lateral geniculate nucleus

RN Reticular nucleus

2.1.2 The diagnostic tests of thalamic stroke

Recent advances in the field of radiology exhibited precise diagnoses and made
possible the examination of clinical characteristics and pathology without autopsy
study. The clinical and radiological features and prognosis of thalamic stroke have
been documented in more recent studies. Different case reports have concentrated on
separate deficits in thalamic syndrome [8]. Different diagnostic tests examine how the
brain looks, works and obtains its blood supply and these tests can be classified into

three categories.

e Imaging tests give a picture of the brain - MRI, CT, PET.
e Electrical tests inscribe the electrical impulses of the brain - EEG, MEG.

e Blood flow tests exhibit any problem that may lead to changes in blood flow to
the brain - Ultrasound [17].



Much of the current comprehension of the function and anatomy of thalamus
is derived from imaging tests known as in vivo neuroimaging. The anatomic
precision of MRI, including diffusion-weighted imaging, fluid-attenuated inversion recover
(FLAIR) MRI, T2 weighted , T1 weighted gives a significant advance over CT [12].
The advent of other MRI techniques such as perfusion-weighted (PWI) has also revo-
lutionized diagnostic image in stroke. Another form of imaging is T2* weighted imaging
that tends to emphasize blood products and is useful in detecting small amounts of

hemorrhage [4].

Diffusion-weighted imaging has the possibility to improve the early anatomic
diagnosis of stroke and hence in the evolvement and implementation of early stroke
interventions [12]. DWI with echo-planar imaging seems significantly beneficial to
identify a physiological parameter that is susceptible to ischemia changes before the
conventional MRI is performed. However its potential function in the quantitative
study of human stroke patho-physiology and therapeutics is needed to be further
investigated |18]. DWI seems to be more susceptible than CT for the early detection

of ischemic stroke in selected patients.

Fast fluid-attenuated inversion recovery (f-FLAIR) is more susceptible than
conventional or fast spin echo T2 weighted magnetic resonance imaging (MRI) for
lesions in the brain of patients with ischemic, inflammatory or demyelinating disease
of the CNS [19|. Functional imaging methods have also a significant role to diag-
nose stroke types; especially Xenon computed tomography cerebral blood flow imaging
is acquiring acceptance and has now been supplemented by a single photon emission
computed tomography (SPECT). Both show local and distant functional effects after
stroke, and some have demonstrated effects of resting flows remote from the site of
infarction. When it is applied quickly after stroke, and the deficit in local flow may be
evident before the tissue signal changes appear on CT or MR scan [4]. As to positron
emission tomography (PET), it remains the best method for demonstrating viable
tissue in carotid occlusive disease and has been able to demonstrate remote effects of
infarction, some spread over wide areas some explained as diaschisis [4]. Especially, for

the assessment of stable stroke, SPECT and PET may be helpful.



EEG has been widely used for 30 years to detect acute cerebral ischemia. In
that EEG morphology, frequencies, and amplitudes have a physiological connection
with cerebral blood flow [20, 21|. Studies from intra-operative EEG monitoring and
animal models have shown that EEG changes occur within 5 minutes of acute cerebral

ischemia (22, 23].

A variety of noninvasive ultrasound techniques have been developed during
recent years for the detection of cerebrovascular disease. Some of these, such as con-
tinuous wave and pulse wave(PW) devices are used for the examination of the intra and
extracranial brain-supplying arteries. In addition to these systems color doppler flow
imaging (CDFI) gives color-coded, real time information about intravascular blood flow
superimposed on the gray scale image of vessel anatomy. Low frequency, high energy
PW Doppler systems are utilized for transcranial doppler examinations. Transcranial
color-coded duplex sonography (TCCS) is a rapidly improving technique for estimation
of cerebrovascular disease that provides a quick enhancing area of ultrasound imag-
ing. Additionally, contrast-enhanced TCCS gives precise examinations in two thirds of

patients with ischemic cerebrovascular disease [4].

2.2 Anatomic atlases and labelling methods

Neurodegenerative disorders, psychiatric disorders and healthy aging are often
related with structural changes in the brain. These changes can bring about modifi-
cations in the imaging properties of brain tissue, as well as changes in morphometric
properties of brain structures. Morphometric alterations may contain variations in the
volume or shape of subcortical regions, in addition to alterations in the thickness, area,
and folding pattern of the cortex. While surface based analysis that depends on models
and the positions and orientation of the cortical ribbon can provide an accurate esti-
mation of cortical variability, volumetric techniques are necessary to discern alterations
in non-cortical structures. For example, changes in ventricular or hippocampal volume

are frequently associated with a variety of diseases [24].



Furthermore, while finding structural changes or comparing functions across
brains, it is prevalent to label the gross anatomy of brain image data and to compare
the structures or functions that lie within anatomically labeled regions. Due to the
fact that brains differ in their anatomy, it would be plausible to refer to the anatomy
of many brains when labelling an individual subject’s brain image. For this purpose, a
wide variety of labelling methods and brain atlases -which explain and list rudimentary
spatial features of brain structure using traditional nomenclature- in neuroimaging
today have been designed with particular anatomical bases, and with varying degrees

of granularity in their delineations.

The first stereotactic brain atlases in printed form, as an example of
Talairach et al. and Schaltenbrand and Bailey were assembled in the 1950s
[25, 26]. Approximately, two decades later, brain atlases in electronic formats were
ready for use in the clinical setting. In 1977, Atlas for Stereotaxy of the Human Brain
was presented by Schaltenbrand and Wahrenin |27]. By the late 1990s, electronic
brain atlases had been worthy of conventional in stereotactic functional neurosurgery.
This made an example by the extensive use of the 1988 Talairach atlas by the human
brain mapping community. Prevalent usage of Talairach coordinates 28] encouraged
the progression of the Brain Map database that encrypts and asks the locations
of functional and anatomical neuroimaging results using these coordinates [29]. The
Talairach Daemon (TD) system [30] broadens this idea by supplying easy Internet
access to a 3-dimensional (3-D) database of brain labels obtained by Talairach
coordinates. The Talairach labels database uses a volume-filling hierarchical naming
scheme to organize labels for brain structures ranging from hemispheres to cytoarchitec-
tural regions [31]. This scheme is reflected in the database name, Volume Occupancy

Talairach Labels (VOTL).

Beginning in the late 1990s, a new-generation brain atlas which is known
as population-based probabilistic brain atlas (or probabilistic map) has been under
construction. It provides the explanation about the structural and functional anatomy
of any given position in the stereotaxic standard space. The probabilistic maps are

applicable in making analysis the structure and function of the brain that is complex
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and individually variable |32, 33]. The location of the activated foci in the functional
brain mapping research could be labeled without difficulty and reproducibly using the
probabilistic maps [34].

The Cerefy electronic brain atlas database containing an extended and enhanced
electronic version of Talairach and Tournoux and other atlases was presented by Nowin-
ski et al. [35, 36]. Cerefy Neuroradiology Atlas (CNA), which is a java-based tool,
allows the user to load anatomical and functional neuroimage data, correlate them,
and label in interactive way with subcortical structures and cortical areas. The CNA

is appropriate for a rapid atlas-assisted analysis of neuroimages [37].

As an alternative to reference brain of the Talairach and Tournoux atlas, MNI
structural atlas which is more representative of population is offered. fMRI or PET
data are often normalized to the templates provided by the Montreal Neurological
Institute (MNI). The most widely used MNI templates are a single subject template
and a group template produced from 152 individual brains, both of which are adjusted
to the Talairach Atlas [38, 39]. A single subject’s structural image was hand segmented,
and the labels were then procreated to more than 50 subjects’ structural images using
nonlinear registration. Each labelled brain outcome was then transmuted into MNI152
space using affine registration, before averaging segmentations across subjects to
produce the final probability images. Although these templates are roughly based on
the Talairach space, they do not match the Talairach brain in size and shape [40].

Apart from these mentioned ones, a variety of different types have been presented.
Talairach and Tournoux and Ono et al. put forward, in the beginning of 1990s,
Referentially Oriented Cerebral MRI Anatomy: Atlas of Stereotaxic Anatomical
Correlations for Gray and White Matter and Atlas of the Cerebral Sulci respectively [41,
42]. More recently, Centre for Morphometric Analysis in Harvard proposed Harvard-
Oxford cortical and subcortical structural atlas [43|. A probabilistic atlas called Jiilich
histological (cyto- and myelo-architectonic) atlas created by averaging multi-subject
post-mortem cyto- and myelo-architectonic segmentations, performed by the team of

Zilles and Amunts at the Research Center Jiilich and provided by Simon Eickhoff
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|44, 45, 46]. Similarly, an atlas called probabilistic cerebellar atlas with 28 anatomical
structural regions, provided by Joern Diedrichsen, Institute of Cognitive Neuroscience,
UCL and Narender Ramnani, Cognitive Neuroscience Laboratory, Royal Holloway is
supposed [47]. The LONI Probabilistic Brain Atlas (LPBA40), a series of maps of
brain anatomic regions is presented by Shattuck DW in 2008 [48|. The SRI24 atlas,
a new standard reference system of normal human brain anatomy was produced using
template-free population registration of high-resolution magnetic resonance images

acquired at 3T in a group of 24 normal control subjects [49].

Oxford thalamic connectivity atlas and a probabilistic atlas of 7 sub-thalamic
regions, segmented according to their white-matter connectivity to cortical areas are
provided by Heidi Johansen-Berg and Timothy Behrens |50, 51|. This connectivity
atlas provides probability of anatomical junction from points in the thalamus to each
of 7 cortical zones. These probabilities are estimated using probabilistic diffusion

tractography in multiple subjects [52].

There are also visualization tools for other aspects of the neuroimaging process,
and one example is Nielsen et al.’s Brede Toolbox [53|. The Brede Toolbox now includes
its own database results from neuroimaging in addition to analysis and visualization
purposes for a variety of tasks [54, 55| — the Brede Database by starting out as a
program for handling and visualization of data from the Brain Map database [56].
Its principal functions are handling, analyzing and visualizing data from functional
neuroimaging experiments, not the original data but rather the summary images (e.g.,
statistical parametric images) and location data in stereotaxic space. It consists of
numerous general purpose analysis algorithms (e.g., independent component analysis
and non-negative matrix factorization, text and link analysis, probabilistic modeling
of activation foci, visualization of multiple foci, volumes, surfaces, slices or points

(Talairach coordinates) and/or surfaces in a 3-dimensional model language) [57].

The Pick Atlas software toolbox presents a technique for producing ROI masks
depending on the Talairach Daemon database. The atlases contain Brodmann area,

Lobar, Hemisphere, Anatomic Label (gyral anatomy) and Tissue Type. The software
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was planned so as to be added the extra atlases directly, containing non-human atlases.

Each type of atlas in a shared imaging space should be in one subdirectory [58, 59|

SPM Anatomy toolbox which is MATLAB dependent toolbox for the SPM
software package is capable of integrating probabilistic cytoarchitectonic maps and
findings of functional imaging studies. The toolbox contains the functionality for the
construction of summary maps uniting likelihood of various cortical areas by deciding
the most reasonable determination of each voxel to one of these areas. Its principal
feature is to present numerous assessments explaining the degree of matching between

architectonic areas and functional foci [44].

Rather than using a single (average or probabilistic) atlas, Mindboggle software
operates multiple atlases in a database autonomously to label the cortical voxels of a
subject brain image, and for each voxel selects the greater label alloted by the different
atlases. Their aim here, in fact, is to examine the impacts of using distinctive labelling
schemes and variable numbers of atlases on labelling accuracy and on the numbers of

labels alloted per voxel [60].

Nowinski et al. developed a software called BAFI to perform a rapid and
user friendly atlas-assisted analysis of functional images. The BAFI includes a fully
color coded, labeled, expanded, and improved Talairach-Tournoux brain atlas in
axial, coronal, and sagittal orientations, as well as Brodmann areas and gyri in
axial orientation. It is capable of loading one anatomical and a matching functional
data set (in TIFF and AVW-Analyze file formats), interactively place the Talairach
landmarks in 3D space, and automatically warp the data to the atlas by utilizing the
Talairach proportional grid system transformation. The precision of warping can be,
afterwards, fine adjusted in interactive way. The anatomical image, functional image,
and atlas cover combined together are revealed as a single image with atlas-anatomy
and anatomy-function blending controlled autonomously. The data warped to the atlas
can be labeled efficiently with the names of subcortical structures, gyri, and Brodmann
areas. Additionally, triplanar display and navigation, in which one plane from the data

and the other two from the atlas, makes easy comprehension of 3D relationships [61].
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The plentifulness of tools for imaging as well as for other point of view of
the neuroimaging procedure has generated a concern in causing overviews for these
tools, and now there occur numerous Web-based directories: Neuroscience Database
Gateway (NDG) |62|, Neuroscience Information Framework (NIF) [63], Neuroimaging
Informatics Tools and Resources Clearinghouse (NITRC) [64], I Do Imaging and
Internet Analysis Tools Registry (IATR), see also [65, 66].

A great many tools are available for efficient neuroimaging visualization across
the Internet. Often these tools are dependent on a client—server model with the client
carring out the visualization and graphical user interface in Java. Among these tools,
JIV is that renders multiple volume data by orthogonal slice views performed as a Java
applet [67]. iiV executes a resembling purpose |68], and MindSeer can also transform
in 3D distantly [69]. NeuroTerrain implements 3D visualization and has presented
its use in connection with a Mouse atlas [70]. The Talairach Applet renders a
digital performance of the Talairach Atlas and fuses it with neuroanatomical labelling
of coordinates via the Talairach Daemon depicted by [30]. Additionally, connected to
the BrainMap database the Java client- program Sleuth plots 3D points in orthogonal
2D slices based on user query to the BrainMap server [71|. The Internet Brain Volume
Database (IBVD) records published values for brain region volumes across variables

such as gender and diagnosis [72].

In this study, we preferred to use the the Talairach and Tournoux atlas because
of its prevalent use. And also, the most consistent structure was ascertained as the
thalamus in the studies for determination of consistency Talairach and Tournoux atlas.
While the consistency is 85.7%, the inconsistency is 5.4% without any error tolarance
in the thalamus, when the error tolerance is increased to 3mm, this ratio 94.6% and

0.7% is determined respectively [13, 30].
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2.3 Neuropsychological tests

Neuropsychological tests are particularly formed assignments used to measure
a psychological function known to be connected to a particular brain structure or
pathway. They commonly require the organized administration of manifestly defined
procedures in a formal environment. Neuropsychological tests are normally managed
to a single person working with an examiner in a quiet office environment, free from
distractions. It can be claimed that neuropsychological tests sometimes suggest an
estimate of a person’s top level of perceptive performance. Most neuropsychological
tests in present use are established on traditional psychometric theory and they are a

central part of the process of managing neuropsychological estimation [73].

Neurophysiologists use methodically confirmed objective tests to appraise brain
functions. While neurological examination and CT, MRI, EEG and PET scans search
the structural, physical, and metabolic condition of the brain, the neuropsychological

examination is the only way to conventionally evaluate brain function.

Neuropsychological tests review the range of mental processes from simple motor
performance to complex reasoning and problem solving. In nearly whole objective
tests, quantitative results are compared with some normative standard, including data
from group of non-brain injured persons and group of persons with various kinds of
brain injury. If the norms are dependent on age and educational achievement, valid
comparison can be made between an individual’s performance and that of people in
known diagnostic categories as well as people who do not have a diagnosis of brain

injury |73].

In this study, we benefit from three types of neuropsychological tests acquired
from the thalamic stroke investigation in which the same thalamic stroke patients are
participated in. The utilized neuropsychologic tests in this study are Mini-Mental State
Examination (MMSE), Frontal Behavioral Inventory (FBI), Beck Depression Inventory

(BDI). Following sections give a brief information about them.
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2.3.1 Mini-Mental State Examination (MMSE)

The Mini-Mental State Examination (MMSE) introduced by Folstein et al. in
1975 |74] is a short 30-point questionnaire test that is used to sift for cognitive
impairment. It is used to estimate the severity of perceptive deterioration at a given
point as time passes and to follow the course of cognitive alterations in an individual
over time, thus making it an effective way to document an individual’s response to
treatment. The MMSE test contains simple questions and problems in numerous areas:
the time and place of the test, repeating lists of words, arithmetic, language use and

comprehension, and basic motor skills.

Any score greater than or equal to 25 points (out of 30) is productively intact
(normal). Below this, scores can point out serious (< 9 points), moderate (10-20
points) or mild (21-24 points) [75]. The raw score may also need to be corrected for
educational attendance and age |76]. Low to very low scores correlate nearly with the
presence of dementia, although other mental disorders can also cause abnormal findings

on MMSE testing.

2.3.2 Frontal Behavioral Inventory (FBI)

The Frontal Behavioral Inventory (FBI) is a 24 item, quantifiable questionnaire
directed to the caregiver. The inventory requires a reliable observer, unlike some
depression or other behavioural inventories directly administered with the patients. It
is intended for a face to face interview style. Interview is about (20-30) minutes,
depending on the extent and severity of symptoms and the caregivers verbal capacity.
At times caregivers unload a large number of symptoms and disturbing behaviours
in a cathartic fashion. Skilled interviewers can usually keep the answers within a

reasonable time frame |77, 78|.

The FBI test is divided into two categories : Negativity Behavioral Materials
: Apathy, Aspontaneity, Indifference\Emotional Flatness, Inflexibility, Disorganiza-
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tion, Inattention, Personal Neglect, Loss of Insight, Logopenia, Aphasia and Verbal
Apraxia, Comprehension (Semantic) deficit. Disinhibition Excessive or Abnormal Be-
havioral Materials: Perseveration, Obsessions (Stereotypy), Hoarding, Inappropriateness,
Excessive jocularity, Poor Judgement and Impulsivity, Restlessness\Roaming ,
Irritability, Aggression, Hyperorality\food fads, Hypersexuality, Utilization Behaviour,
Incontinence. During scoring of frotal inventory scale, the score is given as '0=non-
existent, 1=mild, 2=moderate, 3=severe’ and the total score taken from FBI test

changes between 0 and 72 [13].

2.3.3 Beck Depression Inventory (BDI)

The Beck Depression Inventory produced by Dr. Aaron T. Beck is a 21 question
multiple choice self-report inventory and one of the most known used instruments for

measuring the severity of depression [79, 80].

In its current version the questionnaire is planned for individuals aged 13 and
over, and is comprised of items relating to symptoms of depression such as hopelessness
and irritability, cognitions such as guilt or feelings of being punished, as well as physical
symptoms such as fatigue, weight loss, and lack of interest in sex [81]. When the
test is scored, a value of 0 to 3 is allotted for each answer and then the total score
is compared to a key to decide the depression’s severity. The standard cut-offs are as
follows: 0-9 indicates minimal depression, 10-18 indicates mild depression, 19-29 points
out moderate depression and 30-63 points out severe depression. Higher total scores

signify more severe depressive symptoms [81].

There are three types of the BDI-the primary BDI, first published in 1961 and
lag revised in 1978 as the BDI-1A, and the BDI-II, published in 1996. The BDI is
extremely used as an estimation tool by health care professionals and researchers in a

diversity of environment |82].
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3. METHODOLOGY

3.1 Pre-Processing

In neuroimaging studies, it is significant to decease anatomical variability among
subjects and to evaluate the image to a standard space. For this reason, the necessary
steps consists of applying tools for spatial registration and normalization of brain
images taken from different individuals. This can be achieved using, especially, the
procedure performed in the Statistical Parametric Mapping package however, before
touching on SPM package, it is considerably important to know how co-registration

and normalization steps are applied to the image.

3.1.1 Registration

Registration is the establishing of a geometrical transformation that aligns
points in one view of an object with corresponding points in another view of that
object or another object and therefore, the process of transformation different sets of

data into one coordinate system |83, 84].

One image is presumed to remain stationary, also known as the reference image,
while the other image which is known as the source image is spatially transformed to
match it. In order to transform the source to match the reference, it is important to
settle a mapping from each voxel place in the reference to a corresponding place in
the source. The source is then re-sampled at the new positions. The mapping can be
considered as a function of a set of estimated transformation parameters. A rigid-body
transformation in three dimensions is defined by six parameters: three translations and

three rotations [85].
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3.1.2 Normalization

Spatial normalization is more specifically an image registration technique.
Human brains are different in size and shape, so one objective of spatial normalization
is to deform human brain scans so that one location in one subject’s brain scan matches
to the same location in another subject’s brain scan. Spatial normalization requires
transforming all the subject’s data to the same stereotactic space. In this process,
each of the images are registered to the same template image by reducing the residual
sum of squared differences between them. Respectively, in the implementation, the
first step in spatially normalizing each image entangles corresponding the image by
assessing the optimum 12-parameter affine transformation [86]. Unlike Registration
where the images to be matched together are from the same subject zooms and shears
are needed to register heads of different shapes and sizes. Prior knowledge of the
variability of head sizes is contained within a Bayesian framework so as to enhance the
robustness and accuracy of the method. The second part depicts nonlinear registration
for amending gross differences in head shapes that cannot be responsible for by the
affine normalization alone. The nonlinear warps are displayed by linear combinations

of smooth discrete cosine transform basis functions [87].

The mathematical implementations of the registration and the normalization
steps are given in [87, 85|. The details of these steps in SPM5 package are presented
in Appendix A.

3.2 Graphical user interface and the Talairach atlas
3.2.1 Talairach atlas labelling scheme
It is becoming more widespread to label subject brain image data with a single or

compound atlas depicting an average of multiple brain atlases. Since it was announced,

the Talairach system is the most prevalent coordinate system in human brain mapping,
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and the number of references to the Talairach-Tournoux atlas continues to expand in

an exponential manner.

The 1988 Talairach-Tournoux atlas includes a set of high detail color tracings
(coronal, axial, and sagittal slices) taken from MR images of a 60-year old right handed
European female. A unique 3-D coordinate-based database composition was improved
for setting brain labels. The center of the database is a 3-D image array covering
the full extent of Talairach space at a resolution of 1-mm with x-y-z dimensions of
770x200x210 mm. Each 1-mm? voxel within this 3-D array embraces a pointer to
a voxel record that gives information concerning labels for that voxel. Each voxel
index includes pointers to labels. This system grants rapid indexed access to any label
with in this space. More specifically, that is, the Talairach labels database, for brain
structures ranging from hemispheres to cytoarchitectural regions, utilizes a volume-
filling hierarchical naming scheme to arrange labels [30, 88]. This scheme is known
as Volume Occupancy Talairach Labels (VOTL). The VOIs in the computerized 3-
D Talairach atlas were systematized into five hierarchical levels: Hemisphere, Lobe,
Gyrus, Tissue type, and Cell type. Regulations and methods were adopted for the
VOTL labelling scheme to clearly explain borders for labeled brain structures [30, 88|,
and the entire brain volume fully labeled at each hierarchical level (Fig. 3.1). The

regulations and methods for the VOTL labelling scheme are summarized below:

Talairach level 1 (Hemisphere level) - Main structures (left, right cerebrum, cere-

bellum, brain stem, and so on)

e Talairach level 2 (Lobe level) - Lobes (temporal, frontal, parietal, posterior, oc-

cipital, limbic, anterior, midbrain, and so on)

e Talairach level 3 (Gyrus level) - Gyri (temporal, precentral, fusiform, thalamus,

ventricles, and so on)
e Talairach level 4 (Tissue level) - Matter (white matter, gray matter, CSF)

e Talairach level 5 (Cell level) - Brodmann areas (areas 1-47, hippocampus putamen,

and so on)
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Figure 3.1 A typical set of 3-D data used to create the volume occupancy database around the z
5-11 level. Openings in lobe through cell levels were provided to emphasize the 3-D nature of data at

each level

The Talairach coordinates allow researchers to easily identify subregions of the brain
and measure their volume. It includes labels for 148 different substructures of the brain

at various scales, along with a set of volumetric images of the labels(Fig. 3.2)
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Figure 3.2 A part of Talairach atlas
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3.2.2 Difference between the MNI templates and the Talairach brain

In order to utilize MR images in neuroimaging or brain mapping applications,
it is necessary to adjust MR images according to a standard space and to match them
to a standard image. For the sake of these purposes, two methods - registration and
normalization respectively - are used. Registration is a process that MR images in a
different coordinate system must be modified according to standard coordinate system.
Normalization is to deform human brain scans so that one location in one subject’s
brain scan matches to the same location in another subject’s brain scan because human
brains are different in size and shape. SPM5 toolbox is used for both registration and
normalization process. SPM96 and later versions use standard brains for its templates
from the Montreal Neurological Institute (MNI). The MNI wanted to define a brain
that was more representative of the population and defined a new standard brain by
using a large series of MRI scans on normal controls. There are several MNI templates
such as MNI305 brain, MNI152 brain. SPM99 and later versions use the MNI average
of 152 scans. This means that the Talairach atlas is not precisely appropriate for
understanding coordinates from SPM analyses, on the condition that the scans have
been spatially normalized and registered to the SPM templates (that is generally the
case). This can be a problem because there is no publicly known MNI atlas which
clarifies Brodmann’s areas on the MNI brain. However, there is attainable information

on Brodmann’s areas for the Talairach atlas.

In SPM analysis, the coordinates are in the Talairach system that (0,0, 0) is at
the center of the anterior/posterior commissural (AC/PC) line. Actually, the center
of the AC/PC line is not precisely at (0,0,0) in the MNI brain, but approximately
4mm below. This stems from the fact that the Talairach atlas brain is a rather odd
shape, and so, it is troublesome to correspond a standard brain to the atlas brain using
an affine transform. It is obvious to say that the MNI brains are somewhat larger

especially higher, deeper and longer than the Talairach brain.

The disagreements are not clear on axial slices, however, they are obvious on

coronal sections. Figure 3.3 exhibits the MNI 152 average brain section from the SPM
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templates, with the same slice of the Talairach atlas. As can be seen in Figure 3.3, the
highest point of the brain is higher in MNI, and the temporal lobes are significantly

lower and larger than those for the Talairach brain [89).

i

it e Kot U e

T

Figure 3.3 Differences between the Talairach brain and MNI templates

3.2.3 Converting between MNI and Talairach spaces

Previously, BrainMap has used the Brett transform to transform MNI
coordinates to Talairach space (mni2tal.m). However, it has been recently switched to

a new MNI space to Talairach space transform called 'icbm2tal.m’.

The results of Lancaster et al. [90] present that MNI/Talairach coordinate bias
associated with reference frame (position and orientation) and scale (brain size) can be
considerably lessened utilizing the best-fit icbhm2tal’ transform. This transform has
been confirmed and shown to grant improved fit over the Brett 'mni2tal’ trans-
form. In SPM5 [91], we use these transformation formulas as ’tal2icbm_spm.m’ and

'tal2icbm__other.m’ respectively.
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3.3 Implementation

The objective of the study is to identify the location of anatomical sites of the
brain and to evaluate the corresponding total stroke region volume correspondingly.

The development section can be divided into three subsections

e The procedure of MR data collection
e The application of registration and normalization to MR images

e The design of graphical user interface to select the stroke region on normalized

magnetic resonance images.

3.3.1 General features of MRI data

T2 weighted anatomic MR images are acquired via 1.5 Tesla ‘Philips Achieva’
MR modality in the Department of Neurology at the Istanbul Faculty of Medicine in
Istanbul University, from 43 patients diagnosed with isolated ischemic thalamic stroke
following at least one and a half months after the stroke exists. In this study, the axial
T2 MRI of patients are used. The general feature of T2 weighted MRI are KK: 3 mm,
gap: 1 mm, FOV = AP (mm): 220, RL (mm): 182, FH (mm): 63; NSA: 4, section:
16, matrix: 244x512, TE (ms): 100, TR (ms): 3230.

3.3.2 The application of registration and normalization norms to MR im-

ages

In registration, two types of images, the reference and source images are uti-
lized. The reference image is the image that is assumed to remain stationary (some-
times known as the target or template image), while the source image is moved to match
it. In SPM5 package, the reference image is a type of image that conforms to the space

defined by the ICBM, NIH P-20 project, which is approximated to the space described
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in the atlas of Talairach and Tournoux (1988). In this study, ’avgl52t2(T2.nii.1)’ is

preferred as the reference image.

Figure 3.4 MR image of a patient diagnosed Figure 3.6 The template image used in SPM5.
with isolated ischemic thalamic stroke.

Figure 3.5 Registered MR image of the same Figure 3.7 Spatially normalized MR image of
patient diagnosed with isolated ischemic thalamic the patient diagnosed with isolated ischemic tha-
stroke. lamic stroke.

In Figures (3.4), (3.5), (3.6) and (3.7) , the raw MR image, the template image in
SPM5 package, the registered MR image and the normalized MR image are presented,

respectively.
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3.3.3 Selection of the stroke region

In Figure 3.8, the graphical user interface for selection of region with lesion for

a patient diagnosed with thalamic stroke is presented.

The axial cranial MRI investigation is performed for 43 patients identified with
isolated thalamic infarct during the chronic period. During normalization procedure,
the resolution of existing images is defined as 0.43mmx0.43mmx0.43mm in order to

reduce the error in determining the stroke region.

The Talairach atlas which consists of 1105 different anatomic labels with a size

of ’141x172x110’ (Figure 3.2), is used to determine the label of anatomic region.

After loading the normalized MR images to the GUI setup , regions with infarct
were marked by an expert neurologist who followed up the thalamic stroke patients

regularly at Istanbul University, Istanbul Medical School.

As can be seen in Figure 3.1 and Figure 3.2 (Talairach atlas labelling scheme), re-
sults are presented in five hierarchical levels. Brain voxel size is 0.43mmx0.43mmx0.43mm.
Voxels with the same label are grouped and the percentage volume is computed. Hence,

MR images of all patients are analyzed using the procedure.

The matlab script of the graphical user interface for selection of region with

lesion is given in Appendix B.
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Figure 3.8 The Graphical user interface for selection of lesion region of the patient diagnosed with thalamic stroke. (The points with red colour denote to
the region with lesion)
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3.4 Correlation analysis

Correlation analysis is used to determine the extent to which changes in the
value of an attribute are associated with changes in another attribute. The data for a
correlation analysis consists of two input columns. Each column contains values for one
of the attributes of interest. A correlation transformer can calculate various measures
of association between the two input columns |92]. In this study, “corrcoef.m ” is used
to calculates a matrix “r” of correlation coefficients for input array, in which each row

is an observation and each column is a variable.

If C is the covariance matrix, C = cov(|x y|), then corrcoef(|x y|) is the matrix

whose (i,j)’th element is,

r(i,j) = C(i,§)/v/C(i.i) x C(j, j) (3.1)

The details of how to perform the correlation analysis of these data are given in

Appendix C.
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The breakdown of the identified stroke regions and their associated anatomical

labels along with the volumes are presented in Table 4.1 and in Table 4.2 for two

subject. Table 4.1 displays the results of a patient who has a lesion on the right side

of his brain. Similarly, Table 4.2 displays a patient who has a lesion on his left side

of brain. There are a couple of patients who have lesion on both left and right brains.

Selecting the region of lesion in such a case is a two step procedure and is performed

by first identifying the region on one side and then choosing the lesion on the other

side.

The label and volume of corresponding selected region in the Talairach atlas (Right selection)

Table 4.1

Volume(mm? )

Volume(%)

Region

6.60

37.6

Right

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter*

1.27

7.2

Right

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.Medial

Dorsal Nucleus

8.90

50.7

Right

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.Ventral Lateral Nucleus

0.80

4.5

Right
Cerebrum.Sub-
lobar.Thalamus.Gray

Matter.Ventral Anterior Nucleus

Total volume = 15.571 mm3 (221 voxels) (0.43 x 0.43 x 0.43)




The label and volume of corresponding selected region in the Talairach atlas (Left selection)

Table 4.2

Volume(mm? )

Volume(%)

Region

3.82

0.9

Left

Cerebrum.Sub-
lobar.Extra-Nuclear.White
Matter*

99.62

24.2

Left

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.*

13.99

3.4

Left

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.Ventral Posterior

Lateral Nucleus

7.71

1.9

Left

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.Mamillary Body

11.77

2.9

Left

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.Medial Dorsal Nucleus

256.81

62.4

Left

Cerebrum.Sub-
lobar.Thalamus.Gray
Matter.Ventral Lateral Nucleus

9.46

2.3

Left
Cerebrum.Sub-
lobar.Thalamus.Gray

Matter.Venrtal Anterior Nucleus

8.11

2.0

Left
Cerebrum.Sub-
lobar.Thalamus.Gray

Matter.Anterior Nucleus

Total volume — 411.2897 mm? (5173 voxels) (0.43 x 0.43 x 0.43)
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Table 4.3
Patient feature data

Number of patients (n) 43

Sex (n) 24 female, 19 male

The average age of patients (£SD; min-max)(year) | (£58.7.41 (15.20; 20-85) )

Lateralization (n/%) (20 left (%46.5); 21 right (%9); 2 bilateral (%4.5) )
Follow-up period (the average month) (min-max) (26.4 month+16.20) (3-64)

n: number, SD: standard deviation

4.1 Anatomical findings

43 patients with thalamic infarct are classified by an expert neurologist into
four groups as the anterior (anterior / anteromedial), the medial, lateral (inferolateral
/ posterolateral) and others (the posterior and central) [13]. The number of patients
in each group, lateralization of the lesion, anatomic and clinical findings and neuropsy-
chological findings are evaluated. General features of patients are presented in Table

4.3.

After all the regions for patients are selected by the expert neurologist, their
absolute and percentage volume are computed using the developed graphical user inter-
face. The stroke lesions are found to be localized to a maximum of 32 different regions
with varying distributions for each subject. The mean distribution of these 32 regions
over the patients is presented in Figure 4.3. Similarly, Figure 4.4 and Figure 4.5 show
the same distribution for the male and female patients. When a t-test is performed, no

statistical difference between female and male patients has been observed (p—0.5712).

Based on the expert neurologist’s evaluation, among all the cerebral infarctions;
21 (49%) were left, 20 (46.5%) were right and 2 (4.5%) were two-sided one as can be
seen in Figure 4.1. Among infarcts, 6 of them were anterior (4 left, 1 right, 1 bilateral),
11 of them were medial (5 left, 6 right), 17 of them were lateral (10 left, 7 right). With
respect to ’others group’, 4 posterior (1 left,3 right), 4 central(l left, 3 right) were
detected. This grouping is presented in Figure 4.2.
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Figure 4.2 Localization of selected brain parts
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Figure 4.3 Mean volumes of selected brain parts
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Figure 4.4 Mean volumes of selected brain parts for female patients
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Figure 4.5 Mean volumes of selected brain parts for male patients
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4.2 Correlation analysis of neuropsychologic tests (MMSE, FBI
(-), FBI (disinhibition), BDI) and total volume of corre-

sponding selected region in the Talairach atlas

Correlation analysis is performed to determine the extent to which the changes
in the thalamic volume and distribution are related to the neuropsychological tests. In
the Table 4.2, correlated regions are shown as bold. Although there is no significant
correlation between MMSE and right lateral infarcts evaluation, a significant corre-
lation is detected in patients with left and all the lateral thalamic infarction [13].
The regions labeled with "Left Cerebrum.Sub-lobar. Thalamus.Gray Matter.*’, 'Left
Brainstem.Midbrain.* . *.*’ 'Left Brainstem.Midbrain.*.Gray Matter.Medial Genicu-
lum Body’ are correlated with MMSE as can be seen in Table 4.5, (p< 0.05).

BDI, objectively assesses the degree of depression. There was no significant
change with the evaluation of BDI for the patients with the right and left lateral
thalamic infarct [13]. And also no correlation was found when correlated with BDI
findings and total volume of corresponding selected region in the Talairach atlas. FBI
is a scale to provide the criteria for the diagnosis of behavioral disorders within the
patients demented with frontal lobe [77, 78]. We are provided with the evaluation scores
of FBI(-) and FBI (disinhibition). The evaluation scores are significantly higher in
both right and left thalamic infarction. This condition is regarded as another
indication of deterioration the thalamus and the frontal lobe connections [13].
Furthermore, when FBI(-) and FBI (disinhibition) findings are correlated with total
volume of corresponding selected region in the Talairach atlas.  The correlations
in the regions labeled with 'Left Cerebrum.Sub-lobar. Thalamus.Gray Matter.Lateral
Posterior Nucleus’ are statistically significant p < 0.05 as seen in Table 4.5. Therefore,

these regions are considered to be correlated to FBI(-) and FBI (disinhibition).



Table 4.4
General features of patients who participated in neuropsychologic tests

Number of patients (n/ %) 17 / % 39.5

Sex (n) 8 female, 9 male

The average age of patients (£SD;min-max)(year) | (£64.41 (10.37; 41-84) )

Lateralization (n/% ) 10 Left(%58.8); 7 right(%41.2)

Follow-up period (the average month) (min-max) (25.114+13.64) (3-55)

n: number, SD: standard deviation




Table 4.5

Talairach atlas

Correlation analysis of neuropsychologic tests (MMSE, FBI(-), FBI (disinhibition), BDI) and total volume of corresponding selected region in the

MMSE | FBi(-) | FBi (disin) | BDI

Left Cerebrum.Sub-lobar. Thalamus.Gray Matter.* -0.53 -0.0368 | 0.0436 0.0477
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral Nucleus 0.0117 0.4332 | 0.4212 0.2135
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial Nucleus -0.3113 | 0.069 0.0707 0.2494
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Pulvinar -0.2718 | -0.02 0.2139 0.11933
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal Nucleus * * * *

Left Cerebrum.Sub-lobar.Extra-Nuclear.White Matter.* -0.1039 | -0.0525 | 0.0318 0.3482
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary Body -0.322 -0.1131 | -0.0314 0.0311
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial Nucleus 0.1732 -0.0187 | -0.0332 -0.3359
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior Nucleus 0.1986 0.7296 | 0.7535 0.1093
Left Cerebrum.Sub-lobar.Extra-Nuclear.White Matter.Ventral Posterior Lateral Nucleus | 0.2758 -0.1106 | -0.178 0.2783
Left Brainstem.Midbrain. * . * * -0.7452 | 0.1678 | 0.0757 -0.1039
Left Brainstem.Midbrain.*.Gray Matter.Medial Geniculum Body -0.7548 | 0.2996 | 0.1255 -0.1665
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Anterior Nucleus * * * *

Left Brainstem.Midbrain.*.Gray Matter.Lateral Geniculum Body -0.4626 | -0.0773 | -0.0214 0.0213
Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Anterior Nucleus * * * *
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.* 0.3033 -0.2726 | -0.3543 -0.308
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral Nucleus 0.303 -0.144 -0.2726 -0.2322
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal Nucleus 0.0788 -0.1279 | -0.2279 -0.1783

LE



MMSE | FBi(-) | FBi (disin) | BDI

Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial Nucleus | 0.245 -0.1982 | -0.2246 -0.1263
Right Cerebrum.Sub-lobar.Extra-Nuclear. White Matter.* 0.3868 | -0.0211 | -0.1072 -0.0715
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary Body 0.1354 | -0.1378 | -0.2901 -0.2822
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Pulvinar 0.2011 | -0.2348 | -0.1937 -0.1341
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Lateral Nucleus 0.3806 | -0.0226 | -0.1151 -0.0701
Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior Nucleus 0.3803 | -0.0448 | -0.1482 -0.0871
Right Brainstem.Midbrain.*.* * * * * *

Right Cerebrum.Sub-lobar.Extra-Nuclear.Cerebro-Spinal Fluid.Optic Tract * * * *

* Sub-lobar.Extra-Nuclear. White Matter.* * * * *

Right Cerebrum.Sub-lobar.Caudate.Gray Matter.Caudate Body 0.3868 | -0.0211 | -0.1072 -0.0715

Right Cerebrum.* * * *

Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Anterior Nucleus x

Right Cerebrum.Sub-lobar.Thalamus.Gray Matter. Anterior Nucleus

Right Brainstem.Midbrain.*.Gray Matter.Red Nucleus

8¢
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5. DISCUSSIONS

5.1 Expected contribution of using the GUI based Talairach

atlas

A graphical user interface software for anatomical labelling and volumetric
analysis of MR images of thalamic stroke patients is presented. The results are promis-
ing and suitable for choosing and labelling the desired region in the brain. The software
may be useful not only for identifying thalamic stoke patients’ region of lesion but also
other patients with lesions in other regions. However, it is important to note that when
it comes to locate a large lesion in the brain, a different type of normalization method

may be necessary [40, 93, 94, 95].

Using a software with electronic atlases for picking lesions in the MR brain im-
ages can also make a contribution to neuroradiology and neurology, particularly given
the increasing demand for the interpretation of brain scans. Introduction of new imag-
ing modalities will also make the the interpretation scan more difficult. Therefore, new
approaches for speeding up and simplifying the interpretation of brain scans, hence,
decreasing the learning curve of neuroradiologists are required. In my opinion, the use
of such software with electronic brain atlases may be a good solution. Neuroradiol-
ogists can potentially benefit from brain atlases by faster scan interpretation and
communicate this information to other clinicians which may increase confidence,

and speed up learning as discussed in Nowinski [96].

5.2 Incompleted anatomical regions ( Regions lebelled with “*”

sign in Table 4.1 and Table 4.2)

As can be seen in Table 4.1 and Table 4.2, there is a couple of regions labelled

with “*” because of incompleted anatomical regions in the hierarchical level of the
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atlas. It is useful to expand the search range to produce an extended list of label
options. This approach resembles how authors utilize the Talairach atlas, to reassess
nearby labels and pick the most probable candidate when such confusion arrises [30].
Labelling errors for coordinate-based methods can stem from incomplete anatomical
matching by global spatial normalization in addition to the methodological differences
[93]. Additionally, in order to control any labelling error, a neurologist may chose the
lesion area manually on the Talairach Atlas and compare the results with our software

results.

5.3 Comparison of registration and normalization with previ-

ous studies

There are many techniques in the scientific literature that show distinctive ways
to make one brain match to the shape of another or to recognize corresponding points
between two brains. Some of these have been implemented in an entirely automated
way to label brain anatomy (gyrii or sulci) and fewer of these still have been evalu-
ated beyond visual inspection, where image correspondence is mistaken for anatomic
correspondence [97]. There exist methods that are readily presented for estimating
and comparing the accuracy of nonlinear registration [98, 99, 100|. Future studies may

focus on using these different types of nonlinear registration algorithms.

Fundamentally, the small deformation theory starts from the fact,that im-
age correspondence can be achieved properly with a small degree of image transfor-
mation [40, 93]. We do not make use of any masking during spatial normalization in
that lesions in our MR brain image are considerably small. However, it should be kept
in mind that for spatial normalization of large brain lesions or deformations, methods
like cost function masking are called for[40]. And however, more studies have to be

done for normalization of large brain deformations, in particular, for stroke patients.
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5.4 Future ideas for the correlation analysis results

It is obvious that neuropsychological tests have an important role for reviewing
the range of mental processes from simple motor performance to complex reasoning and
problem solving. Correlation analysis of neuropsychological tests (MMSE, FBI, BDI)
with volume of selected regions in the Talairach atlas may help the interpretation of
mental processes resulting the stroke region. Likewise, other neuropsychological tests
may be used to determine the correlation of stroke region and neuropsychological test

results.
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6. CONCLUSIONS

Using Brain atlas in combination with software tools enables the exchange of
volumetric data information quantifying stroke regions among clinicians and help the

diagnosis and treatment of thalamic stroke patients more effectively and accurately.

For further investigation, new toolboxes [44, 60, 61|, Webbased directories [34,
67, 69, 70, 30|, new brain atlases, new imaging modalities and new registration and

normalization methods may also be used.

Additionally, correlation analysis of neuropsychological tests (MMSE, FBI, BDI)
with the volume of selected stroke regions in the Talairach atlas may relate the neu-

ropsychological and neuroanatomical data to obtain a more objective diagnostic value.
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APPENDIX A. REGISTRATION AND

NORMALIZATION STEPS

IN SPM5 SOFTWARE

SPM is a Matlab software package operating Statistical Parametric Mapping

for neuroimaging data.

In this study, SPM5 version is used and can be found at

“http://www.fil.ion.ucl.ac.uk/spm/software/download.html”. SPM is launched from

within Matlab by typing spm at the Matlab prompt. (If the spm.m fuction is not

found, make sure that whether the SPM package is added on your Matlabpath or not).

SPM uses (only) Analyze format images. You'll need to convert the images from your

scanner to this format. In Figure A.1, the SPM5 default-user software and in Figure

A.2, the main help button are presented. More online help may be acquired via the

main help button.

=} SPM5 [Pinar OZEL): Graphics
File Edit Yiew Insert Tools Desktop Window Help Colours Clear SPM-Prin Results-Fi TASKE

SPh Al &
_ -Spatial
~_ +Realign
. . +Realign & Unwarp
.. +Coreg

. +5egment

. +Mormalise
- Ll |
.. Hmage Caloulator [Abranch holding 3 tems 4|
- ICOM Import
.. Hlser Interface
. -Tools
. +0ld Segment

|

oK ‘ Reset ‘ Canoell

| General help () Job speciic help |

|* Top Left Panel =

The current 1list of Jjobs, which is
represented as a tree-structure.
Double-clicking can expand/contract
items of the tree (marked with +/-)
for wisualisation. Items marked with
¥ s5till reqguire some values to be set o

=)} SPM5 (Pinar OZEL): SPMhelp
Tope| tgenuti
(_Ahoul GFE ] '-Referenced Topics...

(Back ) (D] (Feh] [PHweb)
~ _|Previous Topics... w |

Henuviin
SPMS : Statistical Parametric Mapping

SPM functions are called £rom the main SPH Merm window.

Click the uttons in the capresantavion below for help on wthat tepic...

Click on "Help" for information on SPM documentavion, and inssructions
on using the SFM help system.

The FIL metheds greup

Diata format : -

e v

[Caregis‘her] [ Mommalize ] [ Segrent ]
(o] o
e

[ Dynamic Causal Modeling ]
[ Rancom x| | || (oimey ) (oo ] fprse ]

[ eee | [ meac | [ oicomimpn |
Help ums ™ Deauns | it
- -

Figure A.1 The SPM5 default-user interface

Figure A.2 The main help button
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A.1 Registration step in SPM5

) SPM5 (Pinar OZEL)

|Rea|ign V| [ Slice timing ] [ Smooth ]
@mgisﬁeﬂ) [ Momnalise ] [ Segment ]
[ Spedy 1tkwel ] [ Review ]
[ Spedy Indewel ] [ Esfimate ]
[ Dyhamic Causzal Madelling ]
[ oispey | [ cneskres | |ﬁender... v| |FMRI v|
|Tnu|nnx: v| [ ems ) [ meac | [ ocommper |
[ ) fwtis. ] [l | [ wr

Figure A.3 Coregistration button in SPM5

Coregistration process starts with picking ‘Coregister’ button on SPM5 menu.

After this picking, you get the three options on the SPM5 user interface. Here,
the necessary step for this study is to select "New.Coreg Estimate and Reslice” option
because the relice is useful if two images have very different voxel sizes. In this study,

the reference image and the source image have different voxel sizes.



<} SPM5 (Pinar OZEL): Graphics

. +Coreg: Estimate &Reslice «

& | B

Aseries containing 1 item. 4

&

%

Save | Load | J

Within-subject registration using a =

rigid-body model. A rigid-hody
transformation {in 3D can be
parameterised by three translations
and three rotations about the

different axes.

Tou get the options of estimating the o

Figure A.4 Chosing coregistration type in SPM5
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) SPM5 (Pinar OZEL): Graphics X
Fil= Edit Yiew Insert Tools Desktop Window Help Colours Clear SPM-Prin Results-Fi TASKS

~

~Coreg 1A
. -Coreg. Estimale & Reslice
Reference Image: <X
SOUnce X
Other Images
.. -Estimation Options
Objective Function
. Separation b
. Tolerances <UNDEFINED=
. Histogram Smoothing
_ -Reslice Options
Interpolation
. Wrapping
. Masking

=

|

Save | lead | ‘

&) General hely ) Job spectic help ‘
This 1s the image that 1is jiggled =&
about to best match the reference.

Figure A.5 Coreg:Estimate and Reslice Option

In Figure A.5, the reference image, source image and other image types, esti-
mation and reslice options are shown. Other images are assumed as defaults used by
SPM for estimating the match. Similarly, reslice options can be chosen from the menu
for each of the three options however, in this study, this options are just defaults as

well.
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J Reference Image

Oir | DAMATLAB 7.5\sprSispmaitemplatest |
Prev |D'\MATLAB 7 BispmBSispmBitemplatest v
Drive | EPLnii1 ~

2 PO nii, 1
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ﬂ E M Done Filt | i
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‘D WATLAE 7 BtspmitispmiiternplatesiT2 nii, 1

<>

Figure A.6 The selection of reference image

As can be seen in Figure A.5, after picking the reference image button, T2.nii,1

image is selected among templates of SPM5 as reference image.

) Source Image

Dir | D |

Frev fugs

ADMNAN ILERC] 3143772
talairach.nii,1

Drive |p-

B3

Documents and Settings

Intel

MATLAB

MATLAE 7.5

MSOCache

Program Files

Cloohaox

RECYCLER

Systerm Volume Information
WINDOWWS b
hin

temp v £ >

2| Ed|R. Done Fit_| : \

|€

<>

Figure A.7 The selection of source image

Source image that is ‘jiggled about’ to best match the reference and it is selected
after picking source image button as in Figure A.5. Via using the file selector button,

the *.img scan that the MRI data is obtained by user is selected.
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-} [SPM5 (Pinan OZEL): Graphics =3
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Figure A.8 Running process for coregistration

After all of these adjustments, the run button is picked. As a final part of
coregistration, the voxel-to-voxel affine transformation matrix is shown, along with the
histograms for the images in the original orientations, and the final orientations. The
registered images are shown at the bottom. These images are also resliced to match the
source image voxel-for-voxel. The resliced images are called the same as the originals

except for they are prefixed by '’ in the same subdirectory.
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Figure A.9 The final part of coregistration

A.2 Normalization step in SPM5

-} SPMS5 (Pinar GZEL) (=13

Realign b [ Slice timing ] [ Smaath ]

[ =
[ Coser | o T [ searen |
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Toowex:  w| [ eeis ] [ meac | [ oicowimper |

Figure A.10 Normalization button in SPM5j
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Normalization process starts with picking ‘Normalise’ button on SPM5 menu.

After this picking, one gets the three options on the SPM5 user interface. Here,

the necessary step for this study is to select "New.Normalise: Estimate and Write”

option. Estimate and Write will calculate what warps are needed to get from your

selected image to the template, and will generate a file containing these images ending

in “sn.mat” and then apply these warps to your selected image, producing a new image

file with the same filename, but with an additional “w” at the front (standing for

“warped”).
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project, and approximate that of g

Figure A.11 Chosing normalization type in SPM5j
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Figure A.12 Normalise: Estimate and Write option

In Figure A.11, the source image, the source weighting image, the image to
write, estimation and write options are shown. Source weighting image are assumed as
defaults used by SPM for estimating the match. Similarly, apart from template image
in estimation options and voxel sizes in writing options, the other types of options are

just defaults as well.
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Figure A.13 The selection of template image

Similar to coregistration process, template image is the image that remains
stationary. T2.nii,1 among the templates of SPM5 is selected in the file selector button

for template image.
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Figure A.14 The selection of source image

The image that is warped to match the template. Registered source image in

coregistration process (r*.img) is used as source image in the study.
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It can be any images that are in register with the "source" image used to generate

the param- eters. For this purpose, registered source image (r*.img) is selected in this

process.
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Figure A.16 Chosing voxel size
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In order to increase the resolution of MR images, voxel sizes can be decreased.

In the study, voxel size to warped out images is adjusted to 0.43*0.43*0.43 mm in the

place of 2*2*2 mm.
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Figure A.17 Running process for normalization

After all of these adjustments, the run button is picked. All normalised *.img
scans are written to the same subdirectory as the original *.img, prefixed with a 'w’

(i.e. w*.img). The details of the transformations are displayed in the results window,

and the parameters are saved in the "* sn.mat" file.
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Figure A.18 The final part of normalization

As a result of registration and normalization process, addition to *.img file,
r*.img file, w*.img file and sn.mat file are seen in the same subdirectory. When it
comes to this point, in order to obtain a vector of structures containing image volume
information, the normalized w*.img file is read via V.S = spm_ vol(D : \w*.img) com-
mand. And in order to be read in entire image volumes [V S1] = spm_read vols(V'S)
command is used. A similar step is done for Talairah.nii file which can be separated

as Talairah.img and Talairah.hdr by using related programmes.

Hereby, one must have four data at hand which are,

e A vector of structures containing image volume information

e XYZ matrix for entire image volumes

e A vector of structures containing Talairah image volume information
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e XYZ matrix for entire Talairach image volumes

In the find position.m file, these data are given VS, VS1, V1, V11 respectively.
Addition to this, the range of Talairach labels and the knowledge of Talairach labels
are necessary for implementing the GUI. And, in the find position.m file, these are

given “data”; “textdata” respectively.

For each subject, all of these data are included in a *.mat file. And if one
demand to load a patient’s image, the mat file which belongs to this patient must be

loaded in the GUI when picking “Load” button.
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APPENDIX B. MATLAB scripts for GUI

B.1 tal gui.m

function varargout = tal gui(varargin)

% TAL GUI Mfile for tal_ gui.fig

% TAL GUI, by itself, creates a new TAL GUI or raises the existing singleton ™.

%H = TAL GUI returns the handle to a new TAL GUI or the handle to the existing
singleton ™,

%TAL GUI(’CALLBACK’, hObject, eventData, handles,...) calls the local function

named CALLBACK in TAL GUI.M with the given input arguments
%TAL GUI (’Property’,’Value’,...) creates a new TAL GUI or raises the exist-

ing singleton®. Starting from the left, property value pairs are applied to the GUI before

tal _gui_ OpeningFunction gets called.

% An unrecognized property name or invalid value makes property application stop.

All inputs are passed to tal _gui_ OpeningFen via varargin.

% *See GUI Options on GUIDE'’s Tools menu. Choose "GUI allows only one instance

to run (singleton)”.

% See also: GUIDE, GUIDATA, GUIHANDLES
gui_Singleton = 1;

gui_ State = struct(’gui_ Name’, mfilename, ’gui_Singleton’,...

gui_Singleton, ’gui OpeningFcn’ @tal gui OpeningFcn,..

Y

gui_ OutputFen’, @tal gui OutputFen, 'gui LayoutFen’, | | ’gui_ Callback’, | |);
if nargin && ischar(vararginl)

gui_State.guiCallback = str2func(vararginl);

end

if nargout

[varargoutl:margout| = gui mainfen(gui  State, varargin:);

else

gui_mainfen(gui  State, varargin:);
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end

% End initialization code - DO NOT EDIT

%— Ezxecutes just before tal_ gui is made visible.
function tal gui OpeningFen(hObject, eventdata, handles, varargin)

% This function has no output args, see QutputFen. hObject handle to figure
% reserved - to be defined in a future version of MATLAB handles structure with

handles and user data (see
% )varargin command line arguments to tal_gui (see VARARGIN)

% Choose default command line output for tal gui
handles.output = hObject;
% Update handles structure
guidata(hObject, handles);

% UTWAIT makes tal _gui wait for user response (see UIRESUME uiwait(handles.figurel);
% — Outputs from this function are returned to the command line.

function varargout = tal gui_OutputFen(hObject, eventdata, handles)

% varargout cell array for returning output args (see VARARGOUT);

% hObject handle to figure reserved - to be defined in a future version of MATLAB
handles structure with handles

Jand user data (see GUIDATA)

%Get default command line output from handles structure

varargoutl = handles.output;
% — FEzecutes on button press in pushbuttonl.
function pushbuttonl Callback(hObject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
Ystruct —> Vs

% > Vsl

axis off;

Joh=figure(’position’,[50 50 1i*1.5 jj*1.5]);

i=handles.i;



ml=squeeze(handles.Vsl(:,:,i));

axes(handles.axesl);

imagesc(m1,|handles.cmin handles.cmax]);colormap gray;axis ij;
axes(handles.axes2);

cla;

if length(find (handles.12(:,:,i)>0))>0

axes(handles.axes2);

imagesc(m1,[handles.cmin handles.cmax]);colormap gray;hold on;axis ij;
|[Px,Py|=find( handles.I2(:,:,handles.i)>0);

plot(Px,Py,r");

end

axes(handles.axesl);

if length(find (handles.12(:,:,i)>0))>0

axes(handles.axesl);

imagesc(m1,[handles.cmin handles.cmax]);colormap gray;hold on;axis ij;
|[Px,Py|=find( handles.I2(:,:,handles.i)>0);

plot(Px,Py,’r");

end

% I12=roipoly;

%Iz, Iy]=find (12>0);co=[Iy Iz;

% — FExecutes during object creation, after setting all properties.
function figurel CreateFecn(hObject, eventdata, handles)

% hObject handle to figurel (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB

%handles empty - handles not created until after all CreateFens called
i=1;

Y

handles.i=i;

29



%handles.V1=evalin(’base’,’V1’);
Vsl=evalin(’base’,’Vsl’);
[cmin|=min(Vsl(:));|cmax|=max(Vsl(:));
handles.Vs1=Vsl;

handles.cmin=cmin,;

handles.cmax=cmax;

[ii,jj, kk]|—size(Vsl);
handles.ii=ii;handles.jj=jj;handles.kk=kk;
handles.I12=zeros(jj,ii,kk);
handles.Vmat=evalin(’base’,’Vs.mat’);
handles.V1=evalin("base’,’V1’);
handles.V1l=evalin(’base’,’V11’);
handles.Vs=evalin(’base’,’Vs’);
handles.textdata—evalin('base’, textdata’);
handles.data=evalin("base’,’data’);
%handles.Vtalmat=evalin(’base’,’V1.mat’);
guidata(hObject,handles);

% — Ezecutes on button press in pushbutton2.
function pushbutton2 Callback(hObject, eventdata, handles)

% hObject handle to pushbutton? (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

if handles.i==—handles.kk
else
handles.i=handles.i+1;

end

60



set(handles.editl,’String’,[num2str(handles.i) * / > num2str(handles.kk) |);
guidata(hObject,handles);

pushbuttonl Callback(hObject, eventdata, handles);

% — Ezecutes on button press in pushbuttons.

function pushbutton3 Callback(hObject, eventdata, handles)

% hObject handle to pushbutton3 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

if handles.i==

else

handles.i=handles.i-1;

end

set(handles.editl,’String’,[num2str(handles.i) * / > num2str(handles.kk) |);
guidata(hObject,handles);

pushbuttonl Callback(hObject, eventdata, handles);

% — Ezecutes on button press in pushbutton/.

function pushbutton4 Callback(hObject, eventdata, handles)

% hObject handle to pushbuttons (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

T=handles.Vs1(:,:handles.i);

cmin=min(T(:));

cmax=max(T(:));

set(gca,’clim’,[cmin cmax]);

% — FEzecutes on button press in pushbuttons.

function pushbutton5 Callback(hObject, eventdata, handles)

61
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% hObject handle to pushbuttons (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

set(gca,’clim’,[handles.cmin handles.cmax]);
% — Ezecutes on button press in pushbutton6.
function pushbutton6 Callback(hObject, eventdata, handles)

% hObject handle to pushbutton6 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

handles.I2(:,:,handles.i)=handles.I2(:,:,handles.i)*0;
[2=roipoly;

handles.I2(:,:,handles.i)=12’;
guidata(hObject,handles);

pushbuttonl Callback(hObject, eventdata, handles);
function editl Callback(hObject, eventdata, handles)

% hObject handle to editl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,’String’) returns contents of editl as text

% str2double(get(hObject, 'String’)) returns contents of edit! as a double

% — FExecutes during object creation, after setting all properties.
function editl CreateFcn(hObject, eventdata, handles)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFens called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject,’BackgroundColor’),...
get(0,’default UicontrolBackgroundColor’))

set(hObject,’ BackgroundColor’,’white’);

end



% — Ezecutes on button press in pushbutton?.
function pushbutton7 Callback(hObject, eventdata, handles)

% hObject handle to pushbutton? (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

c=[ ];

for k=1:handles.kk
K=squeeze(handles.12(:,: k));
[[]=find (K ~0);

if length(I)>0
[Ix,Iy|=ind2sub([handles.ii handles.jj],I);
c—[c;Ix Iy ones(length(Ix),1)*k];
end

end

Pix=c;

[2=handles.12;

save Pix.mat 12;

[posname|—find _pos(handles.Vs,handles.Vs1,handles.data,...
handles.textdata,handles.V1 handles.V11);

save Pix.mat 12 posname

%D1—handles. Vmat*[c ones(length(c),1)]’;D1-=D1(1:3,:)’;
%D2=icbm_ spm2tal(D1);

9% Piz=D2;

% Piz—inv(handles. Vtalmat) *[D2 ones(length(D2),1)]’; Piz—Piz(1:3,:)’;



B.2 find position.m

function [posname|—find pos(Vs,Vsl,data,textdata,V1,V11)
load Pix

[ii,jj, kk]|—size(Vsl);

[A1,A2,A3]—ind2sub([jj ii kk]find(120));

for i=1:length(Al)

pp=Vs.mat*[A2(i) AL(i) A3(i) 1]’;pp=pp(1:3);
ppl=icbm _spm2tal(pp);
pp2=inv(V1.mat)*[ppl’ 1]’;pp2=fix(pp2(1:3));
d(i)=V11(pp2(1),pp2(2),pp2(3))+1;

end

a—hist(d,[1:1106]);

b=find(a>0);

T=0;

posname=struct();

for j=1:length(b)

posname(j).name= textdata(b(j),2);
x=diag(Vs.mat);x=abs(x(1)*x(2)*x(3));
posname(j).size= a(b(j))*x;
T=T+posname(j).size;

end

x=diag(Vs.mat);

f=fopen('result.txt’,’'wt’);

fprintf(f, [ TotalVolume =" num2str(T) mm?>('num2str(sum(a(b))) vozels)...
('num2str(abs(xz(1))) z'num2str(abs(x(2))) ")

64
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num2str(abs(z(3)))) \ n\ n']);

forintf(f,)\nVolumeinmm?\ t \ t% %V olume \ t \ tRegion \ n');

forj =1:length(b)

forintf(f, %5.2f \t\t %2.1f \t\t%s\n', posname(j).size, 100xposname(j).size/(T), ...

cell2mat(posname(j).name));

forint f(f\n');

end

felose(f);
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APPENDIX C. The implementation of the correlation analysis

Table C.1
The results of neuropsychological tests

The range of patients|

e |« | < | FBi disin
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w
—
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L0 (NS |[OU R | W | N |-
[\
\]
[\

6 | 4
27 1 3 3 10
271 4 3 0
27115 | 6 23
29 10 0 3
10 | 22 ({11 | 5 3
11 | 27 | 5 2 5)
12 | 30 | 4 2 7
13 | 28 | 2 3 13
14 | 26 | 4 2 10
15 | 28 |1 1 3
16 | 29 |1 1 0
17 | 28 | 5 3 24

13

corrcoef.m” file is operated as [r,p] = corrcoef = ([zy]), where x and y are

columns vectors. Addition to “r”’

coefficient value, [r, p| = corrcoef(|zy]) also returns
p, a matrix of p-values for testing the hypothesis of no correlation. Each p-value

is the probability of getting a correlation as large as the observed value by random
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chance, when the true correlation is zero. If p(i,j) is small, say less than 0.05, then the
correlation r(i,j) is significant.

[l

In present study, “x” value is assumed as one of the selected stroke region for

each subject. “y” value is assumed as one of the results for neuropsychological tests

mentioned in chapter 1.

In order to show “the range of patients for neuropysiological tests”, “the range of
patients during calculating the mean distributions” and “the selected stroke region for
each subject”, Table C.3, Table C.4, Table C.5, Table C.6 are given.! In fact, Table C.3,
Table C.4, Table C.5, Table C.6 are a part of Table C.2 which is already a simulation
table for the distribution of selected stroke regions. In order to be visualized, TableC.2

is presented.

As can be realized in Table C.3, Table C.4, Table C.5, Table C.6, a group of
patient’s values are evaluated for the correlation analysis . This group is the lateral
group of thalamic infarction in Figure 4.4. According to this, the patients for neuropy-
siological tests are numbered in Table C.1 (It can been when being looked at the first
column) and the same numbers are used in Table C.3, Table C.4, Table C.5, Table C.6
(similarly look at first column at these Tables). These number are bold at these tables.
For each correlation analysis test, one column is taken in Table C.1 and one column
is taken in Table C.3, Table C.4, Table C.5, Table C.6 with the same range at first

column compared to Table C.1.

When these column vectors are correlated via [r, p] = corrcoef([ry])command,
two results return as “r” and “p”. Then, among the correlation values, those which
have “ p< 0.05” are taken for evaluations significantly. In Table 4.5, the results are

presented.

The mean distribuiton values can also be acquired when the columns are added

!In Table C.3, Table C.4, Table C.5, Table C.6, a couple of the selected stroke regions whose values
has already empty are eliminated in order the tables to be squeezed in a page
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up on their own. Additionally, in Table C.3, Table C.4, Table C.5, Table C.6, the
italic values show the female patients. Separately, the mean distribuiton for female
and male groups can be acquired when the columns are added up on their own (Figure

4.3, Figure 4.4 and Figure 4.5).

Table C.2
The simulation table for the distribution of selected stroke regions

Al | A2
B1 | B2
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