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ivABSTRACTVOLUMETRIC MRI ANALYSIS OF THALAMIC STROKEPATIENTSThe thalami pain syndrome is a weakly dedued phenomenon that developsas a ompliation of a small stroke in the thalamus. Beause this syndrome results inmany di�erent physiologial disturbanes, it is ritial to understand its physiologialbasis to diagnose and to treat it. It is important to determine the whole volume ofthe lesion and to label it with referene to an anatomial atlas in order to identifythe stroke region more aurately. In this thesis, we develop a software tool to helpthe neuroradiologists interpret the stroke region more aurately by estimating itsvolume and identifying its anatomial label. To redue the anatomial variability, the�rst step onsists of spatial registration and normalization of brain images. Thisis ahieved using the proedure implemented in the Statistial Parametri Mapping(SPM) pakage in Matlab. Normalized MR images are used to identify the lesionsin the brain, to alulate its volume and to label it in a graphial user environment.Three types of neuropsyhologial tests i.e. are Mini-Mental State Examination(MMSE), Frontal Behavioral Inventory (FBI), Bek Depression Inventory (BDI) areevaluated in estimating their orrelations with the total volume of seleted regions.Neuroradiologists an potentially bene�t from the software to diagnose and to treatthe thalami stroke patients. Furthermore, suh a platform may help the linians tointerat with eah other distantly by exhanging more objetive information about thelinial neuroanatomial assessment of their patients. Additionally, orrelation analysisof neuropsyhologial tests and stroke volume in the Talairah atlas plays a role for theneuropsyhologial and neuroanatomial data fusion for a better assessment.Keywords: Thalami syndrome, registration, normalization, strutural MRI ,Talairah atlas, Neuropsyhologi tests, MMSE, FBI, BDI.



vÖZETTALAM�K �NME HASTALARIN VOLUMETR�K MRGANAL�Z�Talamus içindeki küçük bir inmenin komplikasyonu sonras� olu³un Talamikinme sendromu, az bilinen bir sendromdur. Bu sendrom farkl� �zyolojik problemlerlede sonuçlanaa§�ndan, bu problemleri anlamak, hastal�§� te³his etmek ve daha do§rubir ³ekilde tedavi etmek aç�s�ndan önemlidir. Dolay�s�yla, inme olan bölgeyi daha iyiyorumlamak için lezyon bölgesinin tüm hamini belirlemek ve bir anatomik atlasa göreetiketlemek oldukça önem ta³�r. Bu tezde, nöroradyologlar�n inmeyi daha do§ru yo-rumlamas�na yard�m� olmak ama�yla, lezyon bölgesinin anatomik etiketini bulan velezyon hamini tahmin eden bir yaz�l�m ara� geli³tirildi. Anatomik de§i³kenli§i azalt-mak için ilk a³ama Matlab üzerinde çal�³an SPM5 yaz�l�m� kullan�larak, al�nan beyingörüntülerinin uzaysal olarak çak�³t�rma ve ola§anla³t�rma a³amas�yd�. Talairah At-las�na dayal� ara-yüz vas�tas�yla, beyindeki lezyonlu bölgeyi seçip, lezyonun hamininhesaplanmas�nda ve lezyonun tam olarak nerede oldu§unun i³aretlenmesinde elde edilennormalize edilmi³ MR görüntüleri kullan�ld�. Mini-Mental Durum Muayenesi (MMSE),Frontal Davran�³ Envanteri (FBI), Bek Depresyon Envanteri (BDI) olmak üzere üçtip nöropsikometrik test bu çal�³mada de§erlendirildi. Nöropsikomerik testler ile Ta-lairah atlas�na göre seçilmi³ lezyon bölgelerinin haimleri aras�nda korelasyon analiziyap�ld� ve sonuçlar sunuldu. Nöroradyologlar, talamik inme hastalar�n� te³his etmek vetedavilerine yard�m� olmak ama�yla bu yaz�l�mdan yararlanabilir. Ayr�a, böyle birplatform klinisyenlerin hastalar� üzerinde nöroanatomik de§erlendirmesi hakk�nda uza-ktan birbirleriyle bilgi al�³veri³ine yard�m� olabilir. Buna ek olarak, nöropsikometriktestler ile atlasa göre seçilen bölgelerin haimleri aras�nda yap�lan korelasyon analizininsonuçlar� bu verilerin birlikte yorumlanmas�nda rol oynayabilir.Anahtar Sözükler: Talamik inme, registrasyon, normalizasyon, anatomik MRG,Talairah atlas, Nöropsikometrik test, MMSE, FBI, BDI.
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11. INTRODUCTION
1.1 Motivation and objetivesA stroke (sometimes alled a erebrovasular aident (CVA)) ours when ablood lot bloks an artery or a blood vessel breaks, interrupting blood �ow to an areaof the brain. When either of this �ndings happens, brain ells begin to die. Thalamisyndrome is a type of stroke that an be related to insu�ient blood supply fromthe posterior erebral artery. It is an unommon neurologial disorder in whih thebody beomes hypersensitive to pain due to injury in the thalamus. Beause thalamistroke is of vital importane, more studies are needed to be onduted to evaluate itsphysiologial e�ets on patients.Spatial illustration of the thalami lesions is important, for the fat that some ofthe dissoiated thalami nulei only have a volume of a few ubi milimeters, and everynuleus has its own forward and reverse feeding features. By means of these features,the lesions show ompliated images although thalamus exists in a very small area.Beause of the reent improvements in neuroimaging, it is now possible to loalize thethalami lesions, nuleus dissoiation and volume. By this way, the linial data an bemore �nely orrelated with the imaging and prognosis �ndings. The animal experimentsthat have been made over a entury has also proven that many anatomial relationsare arranged by means of these nulei in the thalamus [1℄.In this thesis, we develop a software tool to help the neuroradiologists to inter-pret the stroke more aurately by identifying and labelling lesion. The seleted volumeis estimated and its anatomial substrutures are identi�ed by labelling them with ref-erene to the atlas. The perentage volume of eah substruture is also estimated togenerate a '�ngerprint' of the stroke in a neuroanatomial sense.In this study, strutural lesions of 43 patients, that are diagnosed by aute



2isolated thalami infartion problem, are loalized by an expert neurologist using thissoftware tool; the orrelation between the perentage volumes and the linial andneuropsyhologial tests are estimated.Chapter 2 begins with an overview of the Thalami Pain Syndrome and itsdiagnosti and Neuropsyhologial Tests. Then anatomi atlases and labelling methodsare introdued and some studies using di�erent anatomi atlas and labelling methodsare reviewed. Chapter 3 desribes the proposed method and its implementation foranatomial labelling. Chapter 4 gives the results. Chapter 5 disusses the results ando�ers some reommendations for future work.



32. BACKGROUND
2.1 Thalami pain syndrome and its diagnosti testsAording to a de�nition whih is devised by the World Health Organization inthe 1970s, stroke is a 'neurologial lak of erebrovasular reason that ontinue morethan 24 hours or is stopped by death within 24 hours' [2℄. The 24-hour border separatesstroke from transient ishemi attak, whih is a related syndrome of stroke symptomsthat resolve totally within 24 hours [3℄. Stroke is the most usual life-intimidatingneurologi disease and is the third leading reason of death in the United States, afterheart disease and aner [4℄. Although stroke is more often disabling than lethal, strokemortality for 2005 was 143,579 [5℄. In the elder people, the segment of populationwhere most stroke ours, it is also a major soure of disability [2℄. The AmerianHeart Assoiation estimated there are more than 6 million people in the United Statestoday have survived a stroke [5℄.A stroke (sometimes alled a erebrovasular aident (CVA)) ours when ablood lot bloks an artery (a blood vessel that arries blood from the heart to thebody) or a blood vessel (a tube through whih the blood moves through the body)breaks, interrupting blood �ow to an area of the brain. When either of these thingshappens, brain ells begin to die [4℄. When brain ells die during a stroke, abilitiesontrolled by that area of the brain are lost. These abilities inlude speeh, movementand memory. How a stroke patient is a�eted depends on where the stroke ours inthe brain and how muh the brain is damaged [5℄. Strokes an be divided into two hieflasses: ishemi and hemorrhagi [6℄. Ishemi strokes are those that our beause ofinterruption of the blood supply, however hemorrhagi strokes - whose types are intra-erebral hemorrhage or subarahnoid hemorrhage - stems from the fat that ruptureof a blood vessel or an abnormal vasular struture. 87% of strokes are aused by is-hemia, and the remainder by hemorrhage. Among the stroke types aused by ishemia,approximately 1.1% of them are isolated thalami infart [7℄ and the thalamus is one of



4the most a�eted area for intraerebral hemorrhages [8℄. At the beginning of this en-tury Dejerine and Roussy presented a omprehensive desription of thalami syndrome[4℄. Thereafter, in 1925 Lhermitte and in 1930 Baudouin et. al. made signi�antontributions by explaining the harateristis of thalami hemorrhage [9, 10, 11℄.Fisher showed the importane of language defet and oular motility disturbanesin thalami hemorrhage [6℄. Aording to these de�nitions, thalami syndrome (orDejerine Roussy syndrome) is a disease that an be in a relation with insu�ient bloodsupply from the posterior erebral artery. It is an unommon neurologial disorder inwhih the body beomes hypersensitive to pain due to injury to the thalamus [8℄.
2.1.1 The anatomy and loationThe thalamus, whih is a dienephali struture, has a nulei that representsan entrane for input and output to and from the erebral ortex. It takes, modi�es,and relays information from somatomotor retiular formation, major a�erent and limbisystem pathways. The thalamus is supplied by four arterial systems, three derived fromthe vertebrobasilar system (paramedian thalamo - subthalami, thalamo-geniulate,and posterior horoidal arteries) and one derived from the posterior ommuniatingartery (polar artery). Vasular lesions in eah of these territories give rise to distintlinial syndromes. The thalamus performs as a entral proessing enter for sensoryinformation �owing toward the brain from the rest of the body. Sensory knowledgesuh as touh, pressure, heat, old, and pain irulates along nerves from all parts ofthe body into the spinal ord, where it travels upward along privated paths toward thebrain. As all of the di�erent sensory trats go into the brain through the brainstem,they ome together upon the thalamus, where the multitude of sensations are proessedand integrated . And then the thalamus relays them to suitable areas of the brain wherethe information is used or brought into the individual's onsious awareness [7, 11, 12℄.The lateral part of thalamus is overed by myelinated axons and forms theExternal Medullar Lamina (EML) and separates the thalamus from apsula interna.Inside the EML, the retiular nuleus, whih is a luster of ells, is loated [13℄. The grey



5

Figure 2.1 The nulei of thalamus.matter forming the thalamus is separated into main parts by means of white matterlamina named Internal Medullar Lamina (IML), whih passes through the middle ofthe grey matter and an be seen by naked eye [14, 15℄. In this lamina, some of the �bersfrom and to the nulei of the thalamus and small nulei are loated. This lamina, thatseperates thalamus into two in sagittal plane, divides into two planes in upper-frontpart. Between the planes of IML, anterior nulei are loated together with the medialnulei inside and lateral group nulei outside parts [13℄. As a result, the thalamus isseparated into 4 parts anatomially and funtionally by IML and EML: inferolateral,paramedian, anterior and posterior [16℄. There is a �fth region inside the thalamus,alled intralaminar nulei, surrounded by these lamina [15℄. In Figure 2.1, the mostnotieable nulei of thalamus are shown. In Table 2.1, the abbreviations for the nuleiof Thalamus shown in Figure 2.1 is presented.



6Table 2.1The abbreviations for the some nulei of ThalamusMD Medial DorsalPul PulvinarVL Ventral LateralVPL VentroposterolateralIML Internal meduller laminaVPM VentroposteromedianPum Medial pulvinarPua Anterior pulvinarMGN Medial geniulate nuleusLGN Lateral geniulate nuleusRN Retiular nuleus
2.1.2 The diagnosti tests of thalami strokeReent advanes in the �eld of radiology exhibited preise diagnoses and madepossible the examination of linial harateristis and pathology without autopsystudy. The linial and radiologial features and prognosis of thalami stroke havebeen doumented in more reent studies. Di�erent ase reports have onentrated onseparate de�its in thalami syndrome [8℄. Di�erent diagnosti tests examine how thebrain looks, works and obtains its blood supply and these tests an be lassi�ed intothree ategories.

• Imaging tests give a piture of the brain - MRI, CT, PET.
• Eletrial tests insribe the eletrial impulses of the brain - EEG, MEG.
• Blood �ow tests exhibit any problem that may lead to hanges in blood �ow tothe brain - Ultrasound [17℄.



7Muh of the urrent omprehension of the funtion and anatomy of thalamusis derived from imaging tests known as in vivo neuroimaging. The anatomipreision of MRI, inluding di�usion-weighted imaging, �uid-attenuated inversion reover(FLAIR) MRI, T2 weighted , T1 weighted gives a signi�ant advane over CT [12℄.The advent of other MRI tehniques suh as perfusion-weighted (PWI) has also revo-lutionized diagnosti image in stroke. Another form of imaging is T2* weighted imagingthat tends to emphasize blood produts and is useful in deteting small amounts ofhemorrhage [4℄.Di�usion-weighted imaging has the possibility to improve the early anatomidiagnosis of stroke and hene in the evolvement and implementation of early strokeinterventions [12℄. DWI with eho-planar imaging seems signi�antly bene�ial toidentify a physiologial parameter that is suseptible to ishemia hanges before theonventional MRI is performed. However its potential funtion in the quantitativestudy of human stroke patho-physiology and therapeutis is needed to be furtherinvestigated [18℄. DWI seems to be more suseptible than CT for the early detetionof ishemi stroke in seleted patients.Fast �uid-attenuated inversion reovery (f-FLAIR) is more suseptible thanonventional or fast spin eho T2 weighted magneti resonane imaging (MRI) forlesions in the brain of patients with ishemi, in�ammatory or demyelinating diseaseof the CNS [19℄. Funtional imaging methods have also a signi�ant role to diag-nose stroke types; espeially Xenon omputed tomography erebral blood �ow imagingis aquiring aeptane and has now been supplemented by a single photon emissionomputed tomography (SPECT). Both show loal and distant funtional e�ets afterstroke, and some have demonstrated e�ets of resting �ows remote from the site ofinfartion. When it is applied quikly after stroke, and the de�it in loal �ow may beevident before the tissue signal hanges appear on CT or MR san [4℄. As to positronemission tomography (PET), it remains the best method for demonstrating viabletissue in arotid olusive disease and has been able to demonstrate remote e�ets ofinfartion, some spread over wide areas some explained as diashisis [4℄. Espeially, forthe assessment of stable stroke, SPECT and PET may be helpful.



8EEG has been widely used for 30 years to detet aute erebral ishemia. Inthat EEG morphology, frequenies, and amplitudes have a physiologial onnetionwith erebral blood �ow [20, 21℄. Studies from intra-operative EEG monitoring andanimal models have shown that EEG hanges our within 5 minutes of aute erebralishemia [22, 23℄.A variety of noninvasive ultrasound tehniques have been developed duringreent years for the detetion of erebrovasular disease. Some of these, suh as on-tinuous wave and pulse wave(PW) devies are used for the examination of the intra andextraranial brain-supplying arteries. In addition to these systems olor doppler �owimaging (CDFI) gives olor-oded, real time information about intravasular blood �owsuperimposed on the gray sale image of vessel anatomy. Low frequeny, high energyPW Doppler systems are utilized for transranial doppler examinations. Transranialolor-oded duplex sonography (TCCS) is a rapidly improving tehnique for estimationof erebrovasular disease that provides a quik enhaning area of ultrasound imag-ing. Additionally, ontrast-enhaned TCCS gives preise examinations in two thirds ofpatients with ishemi erebrovasular disease [4℄.
2.2 Anatomi atlases and labelling methodsNeurodegenerative disorders, psyhiatri disorders and healthy aging are oftenrelated with strutural hanges in the brain. These hanges an bring about modi�-ations in the imaging properties of brain tissue, as well as hanges in morphometriproperties of brain strutures. Morphometri alterations may ontain variations in thevolume or shape of subortial regions, in addition to alterations in the thikness, area,and folding pattern of the ortex. While surfae based analysis that depends on modelsand the positions and orientation of the ortial ribbon an provide an aurate esti-mation of ortial variability, volumetri tehniques are neessary to disern alterationsin non-ortial strutures. For example, hanges in ventriular or hippoampal volumeare frequently assoiated with a variety of diseases [24℄.



9Furthermore, while �nding strutural hanges or omparing funtions arossbrains, it is prevalent to label the gross anatomy of brain image data and to omparethe strutures or funtions that lie within anatomially labeled regions. Due to thefat that brains di�er in their anatomy, it would be plausible to refer to the anatomyof many brains when labelling an individual subjet's brain image. For this purpose, awide variety of labelling methods and brain atlases -whih explain and list rudimentaryspatial features of brain struture using traditional nomenlature- in neuroimagingtoday have been designed with partiular anatomial bases, and with varying degreesof granularity in their delineations.The �rst stereotati brain atlases in printed form, as an example ofTalairah et al. and Shaltenbrand and Bailey were assembled in the 1950s[25, 26℄. Approximately, two deades later, brain atlases in eletroni formats wereready for use in the linial setting. In 1977, Atlas for Stereotaxy of the Human Brainwas presented by Shaltenbrand and Wahrenin [27℄. By the late 1990s, eletronibrain atlases had been worthy of onventional in stereotati funtional neurosurgery.This made an example by the extensive use of the 1988 Talairah atlas by the humanbrain mapping ommunity. Prevalent usage of Talairah oordinates [28℄ enouragedthe progression of the Brain Map database that enrypts and asks the loationsof funtional and anatomial neuroimaging results using these oordinates [29℄. TheTalairah Daemon (TD) system [30℄ broadens this idea by supplying easy Internetaess to a 3-dimensional (3-D) database of brain labels obtained by Talairahoordinates. The Talairah labels database uses a volume-�lling hierarhial namingsheme to organize labels for brain strutures ranging from hemispheres to ytoarhite-tural regions [31℄. This sheme is re�eted in the database name, Volume OupanyTalairah Labels (VOTL).Beginning in the late 1990s, a new-generation brain atlas whih is knownas population-based probabilisti brain atlas (or probabilisti map) has been underonstrution. It provides the explanation about the strutural and funtional anatomyof any given position in the stereotaxi standard spae. The probabilisti maps areappliable in making analysis the struture and funtion of the brain that is omplex



10and individually variable [32, 33℄. The loation of the ativated foi in the funtionalbrain mapping researh ould be labeled without di�ulty and reproduibly using theprobabilisti maps [34℄.The Cerefy eletroni brain atlas database ontaining an extended and enhanedeletroni version of Talairah and Tournoux and other atlases was presented by Nowin-ski et al. [35, 36℄. Cerefy Neuroradiology Atlas (CNA), whih is a java-based tool,allows the user to load anatomial and funtional neuroimage data, orrelate them,and label in interative way with subortial strutures and ortial areas. The CNAis appropriate for a rapid atlas-assisted analysis of neuroimages [37℄.As an alternative to referene brain of the Talairah and Tournoux atlas, MNIstrutural atlas whih is more representative of population is o�ered. fMRI or PETdata are often normalized to the templates provided by the Montreal NeurologialInstitute (MNI). The most widely used MNI templates are a single subjet templateand a group template produed from 152 individual brains, both of whih are adjustedto the Talairah Atlas [38, 39℄. A single subjet's strutural image was hand segmented,and the labels were then proreated to more than 50 subjets' strutural images usingnonlinear registration. Eah labelled brain outome was then transmuted into MNI152spae using a�ne registration, before averaging segmentations aross subjets toprodue the �nal probability images. Although these templates are roughly based onthe Talairah spae, they do not math the Talairah brain in size and shape [40℄.Apart from these mentioned ones, a variety of di�erent types have been presented.Talairah and Tournoux and Ono et al. put forward, in the beginning of 1990s,Referentially Oriented Cerebral MRI Anatomy: Atlas of Stereotaxi AnatomialCorrelations for Gray andWhite Matter and Atlas of the Cerebral Suli respetively [41,42℄. More reently, Centre for Morphometri Analysis in Harvard proposed Harvard-Oxford ortial and subortial strutural atlas [43℄. A probabilisti atlas alled Jülihhistologial (yto- and myelo-arhitetoni) atlas reated by averaging multi-subjetpost-mortem yto- and myelo-arhitetoni segmentations, performed by the team ofZilles and Amunts at the Researh Center Jülih and provided by Simon Eikho�



11[44, 45, 46℄. Similarly, an atlas alled probabilisti erebellar atlas with 28 anatomialstrutural regions, provided by Joern Diedrihsen, Institute of Cognitive Neurosiene,UCL and Narender Ramnani, Cognitive Neurosiene Laboratory, Royal Holloway issupposed [47℄. The LONI Probabilisti Brain Atlas (LPBA40), a series of maps ofbrain anatomi regions is presented by Shattuk DW in 2008 [48℄. The SRI24 atlas,a new standard referene system of normal human brain anatomy was produed usingtemplate-free population registration of high-resolution magneti resonane imagesaquired at 3T in a group of 24 normal ontrol subjets [49℄.Oxford thalami onnetivity atlas and a probabilisti atlas of 7 sub-thalamiregions, segmented aording to their white-matter onnetivity to ortial areas areprovided by Heidi Johansen-Berg and Timothy Behrens [50, 51℄. This onnetivityatlas provides probability of anatomial juntion from points in the thalamus to eahof 7 ortial zones. These probabilities are estimated using probabilisti di�usiontratography in multiple subjets [52℄.There are also visualization tools for other aspets of the neuroimaging proess,and one example is Nielsen et al.'s Brede Toolbox [53℄. The Brede Toolbox now inludesits own database results from neuroimaging in addition to analysis and visualizationpurposes for a variety of tasks [54, 55℄ � the Brede Database by starting out as aprogram for handling and visualization of data from the Brain Map database [56℄.Its prinipal funtions are handling, analyzing and visualizing data from funtionalneuroimaging experiments, not the original data but rather the summary images (e.g.,statistial parametri images) and loation data in stereotaxi spae. It onsists ofnumerous general purpose analysis algorithms (e.g., independent omponent analysisand non-negative matrix fatorization, text and link analysis, probabilisti modelingof ativation foi, visualization of multiple foi, volumes, surfaes, slies or points(Talairah oordinates) and/or surfaes in a 3-dimensional model language) [57℄.The Pik Atlas software toolbox presents a tehnique for produing ROI masksdepending on the Talairah Daemon database. The atlases ontain Brodmann area,Lobar, Hemisphere, Anatomi Label (gyral anatomy) and Tissue Type. The software



12was planned so as to be added the extra atlases diretly, ontaining non-human atlases.Eah type of atlas in a shared imaging spae should be in one subdiretory [58, 59℄SPM Anatomy toolbox whih is MATLAB dependent toolbox for the SPMsoftware pakage is apable of integrating probabilisti ytoarhitetoni maps and�ndings of funtional imaging studies. The toolbox ontains the funtionality for theonstrution of summary maps uniting likelihood of various ortial areas by deidingthe most reasonable determination of eah voxel to one of these areas. Its prinipalfeature is to present numerous assessments explaining the degree of mathing betweenarhitetoni areas and funtional foi [44℄.Rather than using a single (average or probabilisti) atlas, Mindboggle softwareoperates multiple atlases in a database autonomously to label the ortial voxels of asubjet brain image, and for eah voxel selets the greater label alloted by the di�erentatlases. Their aim here, in fat, is to examine the impats of using distintive labellingshemes and variable numbers of atlases on labelling auray and on the numbers oflabels alloted per voxel [60℄.Nowinski et al. developed a software alled BAFI to perform a rapid anduser friendly atlas-assisted analysis of funtional images. The BAFI inludes a fullyolor oded, labeled, expanded, and improved Talairah-Tournoux brain atlas inaxial, oronal, and sagittal orientations, as well as Brodmann areas and gyri inaxial orientation. It is apable of loading one anatomial and a mathing funtionaldata set (in TIFF and AVW-Analyze �le formats), interatively plae the Talairahlandmarks in 3D spae, and automatially warp the data to the atlas by utilizing theTalairah proportional grid system transformation. The preision of warping an be,afterwards, �ne adjusted in interative way. The anatomial image, funtional image,and atlas over ombined together are revealed as a single image with atlas-anatomyand anatomy-funtion blending ontrolled autonomously. The data warped to the atlasan be labeled e�iently with the names of subortial strutures, gyri, and Brodmannareas. Additionally, triplanar display and navigation, in whih one plane from the dataand the other two from the atlas, makes easy omprehension of 3D relationships [61℄.



13The plentifulness of tools for imaging as well as for other point of view ofthe neuroimaging proedure has generated a onern in ausing overviews for thesetools, and now there our numerous Web-based diretories: Neurosiene DatabaseGateway (NDG) [62℄, Neurosiene Information Framework (NIF) [63℄, NeuroimagingInformatis Tools and Resoures Clearinghouse (NITRC) [64℄, I Do Imaging andInternet Analysis Tools Registry (IATR), see also [65, 66℄.A great many tools are available for e�ient neuroimaging visualization arossthe Internet. Often these tools are dependent on a lient�server model with the lientarring out the visualization and graphial user interfae in Java. Among these tools,JIV is that renders multiple volume data by orthogonal slie views performed as a Javaapplet [67℄. iiV exeutes a resembling purpose [68℄, and MindSeer an also transformin 3D distantly [69℄. NeuroTerrain implements 3D visualization and has presentedits use in onnetion with a Mouse atlas [70℄. The Talairah Applet renders adigital performane of the Talairah Atlas and fuses it with neuroanatomial labellingof oordinates via the Talairah Daemon depited by [30℄. Additionally, onneted tothe BrainMap database the Java lient- program Sleuth plots 3D points in orthogonal2D slies based on user query to the BrainMap server [71℄. The Internet Brain VolumeDatabase (IBVD) reords published values for brain region volumes aross variablessuh as gender and diagnosis [72℄.In this study, we preferred to use the the Talairah and Tournoux atlas beauseof its prevalent use. And also, the most onsistent struture was asertained as thethalamus in the studies for determination of onsisteny Talairah and Tournoux atlas.While the onsisteny is 85.7%, the inonsisteny is 5.4% without any error tolaranein the thalamus, when the error tolerane is inreased to 3mm, this ratio 94.6% and0.7% is determined respetively [13, 30℄.



142.3 Neuropsyhologial testsNeuropsyhologial tests are partiularly formed assignments used to measurea psyhologial funtion known to be onneted to a partiular brain struture orpathway. They ommonly require the organized administration of manifestly de�nedproedures in a formal environment. Neuropsyhologial tests are normally managedto a single person working with an examiner in a quiet o�e environment, free fromdistrations. It an be laimed that neuropsyhologial tests sometimes suggest anestimate of a person's top level of pereptive performane. Most neuropsyhologialtests in present use are established on traditional psyhometri theory and they are aentral part of the proess of managing neuropsyhologial estimation [73℄.Neurophysiologists use methodially on�rmed objetive tests to appraise brainfuntions. While neurologial examination and CT, MRI, EEG and PET sans searhthe strutural, physial, and metaboli ondition of the brain, the neuropsyhologialexamination is the only way to onventionally evaluate brain funtion.Neuropsyhologial tests review the range of mental proesses from simple motorperformane to omplex reasoning and problem solving. In nearly whole objetivetests, quantitative results are ompared with some normative standard, inluding datafrom group of non-brain injured persons and group of persons with various kinds ofbrain injury. If the norms are dependent on age and eduational ahievement, validomparison an be made between an individual's performane and that of people inknown diagnosti ategories as well as people who do not have a diagnosis of braininjury [73℄.In this study, we bene�t from three types of neuropsyhologial tests aquiredfrom the thalami stroke investigation in whih the same thalami stroke patients arepartiipated in. The utilized neuropsyhologi tests in this study are Mini�Mental StateExamination (MMSE), Frontal Behavioral Inventory (FBI), Bek Depression Inventory(BDI). Following setions give a brief information about them.



152.3.1 Mini-Mental State Examination (MMSE)The Mini�Mental State Examination (MMSE) introdued by Folstein et al. in1975 [74℄ is a short 30-point questionnaire test that is used to sift for ognitiveimpairment. It is used to estimate the severity of pereptive deterioration at a givenpoint as time passes and to follow the ourse of ognitive alterations in an individualover time, thus making it an e�etive way to doument an individual's response totreatment. The MMSE test ontains simple questions and problems in numerous areas:the time and plae of the test, repeating lists of words, arithmeti, language use andomprehension, and basi motor skills.Any sore greater than or equal to 25 points (out of 30) is produtively intat(normal). Below this, sores an point out serious (≤ 9 points), moderate (10-20points) or mild (21-24 points) [75℄. The raw sore may also need to be orreted foreduational attendane and age [76℄. Low to very low sores orrelate nearly with thepresene of dementia, although other mental disorders an also ause abnormal �ndingson MMSE testing.
2.3.2 Frontal Behavioral Inventory (FBI)The Frontal Behavioral Inventory (FBI) is a 24 item, quanti�able questionnairedireted to the aregiver. The inventory requires a reliable observer, unlike somedepression or other behavioural inventories diretly administered with the patients. Itis intended for a fae to fae interview style. Interview is about (20-30) minutes,depending on the extent and severity of symptoms and the aregivers verbal apaity.At times aregivers unload a large number of symptoms and disturbing behavioursin a atharti fashion. Skilled interviewers an usually keep the answers within areasonable time frame [77, 78℄.The FBI test is divided into two ategories : Negativity Behavioral Materials
: Apathy, Aspontaneity, Indi�erene\Emotional Flatness, In�exibility, Disorganiza-



16tion, Inattention, Personal Neglet, Loss of Insight, Logopenia, Aphasia and VerbalApraxia, Comprehension (Semanti) de�it. Disinhibition Exessive or Abnormal Be-havioral Materials: Perseveration, Obsessions (Stereotypy), Hoarding, Inappropriateness ,Exessive joularity, Poor Judgement and Impulsivity, Restlessness\Roaming ,Irritability, Aggression, Hyperorality\food fads, Hypersexuality, Utilization Behaviour,Inontinene. During soring of frotal inventory sale, the sore is given as '0=non-existent, 1=mild, 2=moderate, 3=severe' and the total sore taken from FBI testhanges between 0 and 72 [13℄.2.3.3 Bek Depression Inventory (BDI)The Bek Depression Inventory produed by Dr. Aaron T. Bek is a 21 questionmultiple hoie self-report inventory and one of the most known used instruments formeasuring the severity of depression [79, 80℄.In its urrent version the questionnaire is planned for individuals aged 13 andover, and is omprised of items relating to symptoms of depression suh as hopelessnessand irritability, ognitions suh as guilt or feelings of being punished, as well as physialsymptoms suh as fatigue, weight loss, and lak of interest in sex [81℄. When thetest is sored, a value of 0 to 3 is allotted for eah answer and then the total soreis ompared to a key to deide the depression's severity. The standard ut-o�s are asfollows: 0-9 indiates minimal depression, 10-18 indiates mild depression, 19-29 pointsout moderate depression and 30-63 points out severe depression. Higher total soressignify more severe depressive symptoms [81℄.There are three types of the BDI-the primary BDI, �rst published in 1961 andlag revised in 1978 as the BDI-1A, and the BDI-II, published in 1996. The BDI isextremely used as an estimation tool by health are professionals and researhers in adiversity of environment [82℄.



173. METHODOLOGY
3.1 Pre-ProessingIn neuroimaging studies, it is signi�ant to deease anatomial variability amongsubjets and to evaluate the image to a standard spae. For this reason, the neessarysteps onsists of applying tools for spatial registration and normalization of brainimages taken from di�erent individuals. This an be ahieved using, espeially, theproedure performed in the Statistial Parametri Mapping pakage however, beforetouhing on SPM pakage, it is onsiderably important to know how o-registrationand normalization steps are applied to the image.3.1.1 RegistrationRegistration is the establishing of a geometrial transformation that alignspoints in one view of an objet with orresponding points in another view of thatobjet or another objet and therefore, the proess of transformation di�erent sets ofdata into one oordinate system [83, 84℄.One image is presumed to remain stationary, also known as the referene image,while the other image whih is known as the soure image is spatially transformed tomath it. In order to transform the soure to math the referene, it is important tosettle a mapping from eah voxel plae in the referene to a orresponding plae inthe soure. The soure is then re-sampled at the new positions. The mapping an beonsidered as a funtion of a set of estimated transformation parameters. A rigid-bodytransformation in three dimensions is de�ned by six parameters: three translations andthree rotations [85℄.



183.1.2 NormalizationSpatial normalization is more spei�ally an image registration tehnique.Human brains are di�erent in size and shape, so one objetive of spatial normalizationis to deform human brain sans so that one loation in one subjet's brain san mathesto the same loation in another subjet's brain san. Spatial normalization requirestransforming all the subjet's data to the same stereotati spae. In this proess,eah of the images are registered to the same template image by reduing the residualsum of squared di�erenes between them. Respetively, in the implementation, the�rst step in spatially normalizing eah image entangles orresponding the image byassessing the optimum 12-parameter a�ne transformation [86℄. Unlike Registrationwhere the images to be mathed together are from the same subjet zooms and shearsare needed to register heads of di�erent shapes and sizes. Prior knowledge of thevariability of head sizes is ontained within a Bayesian framework so as to enhane therobustness and auray of the method. The seond part depits nonlinear registrationfor amending gross di�erenes in head shapes that annot be responsible for by thea�ne normalization alone. The nonlinear warps are displayed by linear ombinationsof smooth disrete osine transform basis funtions [87℄.The mathematial implementations of the registration and the normalizationsteps are given in [87, 85℄. The details of these steps in SPM5 pakage are presentedin Appendix A.
3.2 Graphial user interfae and the Talairah atlas3.2.1 Talairah atlas labelling shemeIt is beoming more widespread to label subjet brain image data with a single orompound atlas depiting an average of multiple brain atlases. Sine it was announed,the Talairah system is the most prevalent oordinate system in human brain mapping,



19and the number of referenes to the Talairah-Tournoux atlas ontinues to expand inan exponential manner.The 1988 Talairah-Tournoux atlas inludes a set of high detail olor traings(oronal, axial, and sagittal slies) taken from MR images of a 60-year old right handedEuropean female. A unique 3-D oordinate-based database omposition was improvedfor setting brain labels. The enter of the database is a 3-D image array overingthe full extent of Talairah spae at a resolution of 1-mm with x-y-z dimensions of770x200x210 mm. Eah 1-mm3 voxel within this 3-D array embraes a pointer toa voxel reord that gives information onerning labels for that voxel. Eah voxelindex inludes pointers to labels. This system grants rapid indexed aess to any labelwith in this spae. More spei�ally, that is, the Talairah labels database, for brainstrutures ranging from hemispheres to ytoarhitetural regions, utilizes a volume-�lling hierarhial naming sheme to arrange labels [30, 88℄. This sheme is knownas Volume Oupany Talairah Labels (VOTL). The VOIs in the omputerized 3-D Talairah atlas were systematized into �ve hierarhial levels: Hemisphere, Lobe,Gyrus, Tissue type, and Cell type. Regulations and methods were adopted for theVOTL labelling sheme to learly explain borders for labeled brain strutures [30, 88℄,and the entire brain volume fully labeled at eah hierarhial level (Fig. 3.1). Theregulations and methods for the VOTL labelling sheme are summarized below:
• Talairah level 1 (Hemisphere level) - Main strutures (left, right erebrum, ere-bellum, brain stem, and so on)
• Talairah level 2 (Lobe level) - Lobes (temporal, frontal, parietal, posterior, o-ipital, limbi, anterior, midbrain, and so on)
• Talairah level 3 (Gyrus level) - Gyri (temporal, preentral, fusiform, thalamus,ventriles, and so on)
• Talairah level 4 (Tissue level) - Matter (white matter, gray matter, CSF)
• Talairah level 5 (Cell level) - Brodmann areas (areas 1-47, hippoampus putamen,and so on)



20

Figure 3.1 A typial set of 3-D data used to reate the volume oupany database around the z5-11 level. Openings in lobe through ell levels were provided to emphasize the 3-D nature of data ateah levelThe Talairah oordinates allow researhers to easily identify subregions of the brainand measure their volume. It inludes labels for 148 di�erent substrutures of the brainat various sales, along with a set of volumetri images of the labels(Fig. 3.2)

Figure 3.2 A part of Talairah atlas



213.2.2 Di�erene between the MNI templates and the Talairah brainIn order to utilize MR images in neuroimaging or brain mapping appliations,it is neessary to adjust MR images aording to a standard spae and to math themto a standard image. For the sake of these purposes, two methods - registration andnormalization respetively - are used. Registration is a proess that MR images in adi�erent oordinate system must be modi�ed aording to standard oordinate system.Normalization is to deform human brain sans so that one loation in one subjet'sbrain san mathes to the same loation in another subjet's brain san beause humanbrains are di�erent in size and shape. SPM5 toolbox is used for both registration andnormalization proess. SPM96 and later versions use standard brains for its templatesfrom the Montreal Neurologial Institute (MNI). The MNI wanted to de�ne a brainthat was more representative of the population and de�ned a new standard brain byusing a large series of MRI sans on normal ontrols. There are several MNI templatessuh as MNI305 brain, MNI152 brain. SPM99 and later versions use the MNI averageof 152 sans. This means that the Talairah atlas is not preisely appropriate forunderstanding oordinates from SPM analyses, on the ondition that the sans havebeen spatially normalized and registered to the SPM templates (that is generally thease). This an be a problem beause there is no publily known MNI atlas whihlari�es Brodmann's areas on the MNI brain. However, there is attainable informationon Brodmann's areas for the Talairah atlas.In SPM analysis, the oordinates are in the Talairah system that (0, 0, 0) is atthe enter of the anterior/posterior ommissural (AC/PC) line. Atually, the enterof the AC/PC line is not preisely at (0, 0, 0) in the MNI brain, but approximately4mm below. This stems from the fat that the Talairah atlas brain is a rather oddshape, and so, it is troublesome to orrespond a standard brain to the atlas brain usingan a�ne transform. It is obvious to say that the MNI brains are somewhat largerespeially higher, deeper and longer than the Talairah brain.The disagreements are not lear on axial slies, however, they are obvious onoronal setions. Figure 3.3 exhibits the MNI 152 average brain setion from the SPM



22templates, with the same slie of the Talairah atlas. As an be seen in Figure 3.3, thehighest point of the brain is higher in MNI, and the temporal lobes are signi�antlylower and larger than those for the Talairah brain [89℄.

Figure 3.3 Di�erenes between the Talairah brain and MNI templates
3.2.3 Converting between MNI and Talairah spaesPreviously, BrainMap has used the Brett transform to transform MNIoordinates to Talairah spae (mni2tal.m). However, it has been reently swithed toa new MNI spae to Talairah spae transform alled 'ibm2tal.m'.The results of Lanaster et al. [90℄ present that MNI/Talairah oordinate biasassoiated with referene frame (position and orientation) and sale (brain size) an beonsiderably lessened utilizing the best-�t 'ibm2tal' transform. This transform hasbeen on�rmed and shown to grant improved �t over the Brett 'mni2tal' trans-form. In SPM5 [91℄, we use these transformation formulas as 'tal2ibm_spm.m' and'tal2ibm_other.m' respetively.



233.3 ImplementationThe objetive of the study is to identify the loation of anatomial sites of thebrain and to evaluate the orresponding total stroke region volume orrespondingly.The development setion an be divided into three subsetions
• The proedure of MR data olletion
• The appliation of registration and normalization to MR images
• The design of graphial user interfae to selet the stroke region on normalizedmagneti resonane images.3.3.1 General features of MRI dataT2 weighted anatomi MR images are aquired via 1.5 Tesla `Philips Ahieva'MR modality in the Department of Neurology at the Istanbul Faulty of Mediine inIstanbul University, from 43 patients diagnosed with isolated ishemi thalami strokefollowing at least one and a half months after the stroke exists. In this study, the axialT2 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, setion:16, matrix: 244x512, TE (ms): 100, TR (ms): 3230.

3.3.2 The appliation of registration and normalization norms to MR im-agesIn registration, two types of images, the referene and soure images are uti-lized. The referene image is the image that is assumed to remain stationary (some-times known as the target or template image), while the soure image is moved to mathit. In SPM5 pakage, the referene image is a type of image that onforms to the spaede�ned by the ICBM, NIH P-20 projet, whih is approximated to the spae desribed



24in the atlas of Talairah and Tournoux (1988). In this study, 'avg152t2(T2.nii.1)' ispreferred as the referene image.

Figure 3.4 MR image of a patient diagnosedwith isolated ishemi thalami stroke.

Figure 3.5 Registered MR image of the samepatient diagnosed with isolated ishemi thalamistroke.

Figure 3.6 The template image used in SPM5.

Figure 3.7 Spatially normalized MR image ofthe patient diagnosed with isolated ishemi tha-lami stroke.
In Figures (3.4), (3.5), (3.6) and (3.7) , the raw MR image, the template image inSPM5 pakage, the registered MR image and the normalized MR image are presented,respetively.



253.3.3 Seletion of the stroke regionIn Figure 3.8, the graphial user interfae for seletion of region with lesion fora patient diagnosed with thalami stroke is presented.The axial ranial MRI investigation is performed for 43 patients identi�ed withisolated thalami infart during the hroni period. During normalization proedure,the resolution of existing images is de�ned as 0.43mmx0.43mmx0.43mm in order toredue the error in determining the stroke region.The Talairah atlas whih onsists of 1105 di�erent anatomi labels with a sizeof '141x172x110' (Figure 3.2), is used to determine the label of anatomi region.After loading the normalized MR images to the GUI setup , regions with infartwere marked by an expert neurologist who followed up the thalami stroke patientsregularly at Istanbul University, Istanbul Medial Shool.As an be seen in Figure 3.1 and Figure 3.2 (Talairah atlas labelling sheme), re-sults are presented in �ve hierarhial levels. Brain voxel size is 0.43mmx0.43mmx0.43mm.Voxels with the same label are grouped and the perentage volume is omputed. Hene,MR images of all patients are analyzed using the proedure.The matlab sript of the graphial user interfae for seletion of region withlesion is given in Appendix B.



26Figure 3.8 The Graphial user interfae for seletion of lesion region of the patient diagnosed with thalami stroke. (The points with red olour denote tothe region with lesion)



273.4 Correlation analysisCorrelation analysis is used to determine the extent to whih hanges in thevalue of an attribute are assoiated with hanges in another attribute. The data for aorrelation analysis onsists of two input olumns. Eah olumn ontains values for oneof the attributes of interest. A orrelation transformer an alulate various measuresof assoiation between the two input olumns [92℄. In this study, �orroef.m � is usedto alulates a matrix �r� of orrelation oe�ients for input array, in whih eah rowis an observation and eah olumn is a variable.If C is the ovariane matrix, C = ov([x y℄), then orroef([x y℄) is the matrixwhose (i,j)'th element is,
r(i, j) = C(i, j)/

√

C(i, i) ∗ C(j, j) (3.1)The details of how to perform the orrelation analysis of these data are given inAppendix C.



284. RESULTS
The breakdown of the identi�ed stroke regions and their assoiated anatomiallabels along with the volumes are presented in Table 4.1 and in Table 4.2 for twosubjet. Table 4.1 displays the results of a patient who has a lesion on the right sideof his brain. Similarly, Table 4.2 displays a patient who has a lesion on his left sideof brain. There are a ouple of patients who have lesion on both left and right brains.Seleting the region of lesion in suh a ase is a two step proedure and is performedby �rst identifying the region on one side and then hoosing the lesion on the otherside. Table 4.1The label and volume of orresponding seleted region in the Talairah atlas (Right seletion)Volume(mm3 ) Volume(%) Region6.60 37.6 RightCerebrum.Sub-lobar.Thalamus.GrayMatter*1.27 7.2 RightCerebrum.Sub-lobar.Thalamus.GrayMatter.MedialDorsal Nuleus8.90 50.7 RightCerebrum.Sub-lobar.Thalamus.GrayMatter.Ventral Lateral Nuleus0.80 4.5 RightCerebrum.Sub-lobar.Thalamus.GrayMatter.Ventral Anterior NuleusTotal volume = 15.571 mm3 (221 voxels) (0.43 x 0.43 x 0.43)



29Table 4.2The label and volume of orresponding seleted region in the Talairah atlas (Left seletion)Volume(mm3 ) Volume(%) Region3.82 0.9 LeftCerebrum.Sub-lobar.Extra-Nulear.WhiteMatter*99.62 24.2 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.*13.99 3.4 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.Ventral PosteriorLateral Nuleus7.71 1.9 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.Mamillary Body11.77 2.9 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.Medial Dorsal Nuleus256.81 62.4 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.Ventral Lateral Nuleus9.46 2.3 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.Venrtal Anterior Nuleus8.11 2.0 LeftCerebrum.Sub-lobar.Thalamus.GrayMatter.Anterior NuleusTotal volume = 411.2897 mm3 (5173 voxels) (0.43 x 0.43 x 0.43)



30Table 4.3Patient feature dataNumber of patients (n) 43Sex (n) 24 female, 19 maleThe 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 deviation4.1 Anatomial �ndings43 patients with thalami infart are lassi�ed by an expert neurologist intofour groups as the anterior (anterior / anteromedial), the medial, lateral (inferolateral/ posterolateral) and others (the posterior and entral) [13℄. The number of patientsin eah group, lateralization of the lesion, anatomi and linial �ndings and neuropsy-hologial �ndings are evaluated. General features of patients are presented in Table4.3. After all the regions for patients are seleted by the expert neurologist, theirabsolute and perentage volume are omputed using the developed graphial user inter-fae. The stroke lesions are found to be loalized to a maximum of 32 di�erent regionswith varying distributions for eah subjet. The mean distribution of these 32 regionsover the patients is presented in Figure 4.3. Similarly, Figure 4.4 and Figure 4.5 showthe same distribution for the male and female patients. When a t-test is performed, nostatistial di�erene between female and male patients has been observed (p=0.5712).Based on the expert neurologist's evaluation, among all the erebral infartions;21 (49%) were left, 20 (46.5%) were right and 2 (4.5%) were two-sided one as an beseen in Figure 4.1. Among infarts, 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). Withrespet to 'others group', 4 posterior (1 left,3 right), 4 entral(1 left, 3 right) weredeteted. This grouping is presented in Figure 4.2.
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Figure 4.1 Lateralization of seleted brain parts

Figure 4.2 Loalization of seleted brain parts



32Figure 4.3 Mean volumes of seleted brain parts



33Figure 4.4 Mean volumes of seleted brain parts for female patients



34Figure 4.5 Mean volumes of seleted brain parts for male patients



354.2 Correlation analysis of neuropsyhologi tests (MMSE, FBI(-), FBI (disinhibition), BDI) and total volume of orre-sponding seleted region in the Talairah atlasCorrelation analysis is performed to determine the extent to whih the hangesin the thalami volume and distribution are related to the neuropsyhologial tests. Inthe Table 4.2, orrelated regions are shown as bold. Although there is no signi�antorrelation between MMSE and right lateral infarts evaluation, a signi�ant orre-lation is deteted in patients with left and all the lateral thalami infartion [13℄.The regions labeled with 'Left Cerebrum.Sub-lobar. Thalamus.Gray Matter.*', 'LeftBrainstem.Midbrain.*.*.*', 'Left Brainstem.Midbrain.*.Gray Matter.Medial Geniu-lum Body' are orrelated with MMSE as an be seen in Table 4.5, (p≤ 0.05).BDI, objetively assesses the degree of depression. There was no signi�anthange with the evaluation of BDI for the patients with the right and left lateralthalami infart [13℄. And also no orrelation was found when orrelated with BDI�ndings and total volume of orresponding seleted region in the Talairah atlas. FBIis a sale to provide the riteria for the diagnosis of behavioral disorders within thepatients demented with frontal lobe [77, 78℄. We are provided with the evaluation soresof FBI(-) and FBI (disinhibition). The evaluation sores are signi�antly higher inboth right and left thalami infartion. This ondition is regarded as anotherindiation of deterioration the thalamus and the frontal lobe onnetions [13℄.Furthermore, when FBI(-) and FBI (disinhibition) �ndings are orrelated with totalvolume of orresponding seleted region in the Talairah atlas. The orrelationsin the regions labeled with 'Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.LateralPosterior Nuleus' are statistially signi�ant p ≤ 0.05 as seen in Table 4.5. Therefore,these regions are onsidered to be orrelated to FBI(-) and FBI (disinhibition).



36Table 4.4General features of patients who partiipated in neuropsyhologi testsNumber of patients (n/ %) 17 / % 39.5Sex (n) 8 female, 9 maleThe 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) (25.11±13.64) (3-55)n: number, SD: standard deviation
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Table 4.5Correlation analysis of neuropsyhologi tests (MMSE, FBI(-), FBI (disinhibition), BDI) and total volume of orresponding seleted region in theTalairah atlas MMSE FBi(-) FBi (disin) BDILeft Cerebrum.Sub-lobar. Thalamus.Gray Matter.* -0.53 -0.0368 0.0436 0.0477Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral Nuleus 0.0117 0.4332 0.4212 0.2135Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial Nuleus -0.3113 0.069 0.0707 0.2494Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Pulvinar -0.2718 -0.02 0.2139 0.11933Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal Nuleus ∗ ∗ ∗ ∗Left Cerebrum.Sub-lobar.Extra-Nulear.White Matter.* -0.1039 -0.0525 0.0318 0.3482Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary Body -0.322 -0.1131 -0.0314 0.0311Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial Nuleus 0.1732 -0.0187 -0.0332 -0.3359Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior Nuleus 0.1986 0.7296 0.7535 0.1093Left Cerebrum.Sub-lobar.Extra-Nulear.White Matter.Ventral Posterior Lateral Nuleus 0.2758 -0.1106 -0.178 0.2783Left Brainstem.Midbrain.*.*.* -0.7452 0.1678 0.0757 -0.1039Left Brainstem.Midbrain.*.Gray Matter.Medial Geniulum Body -0.7548 0.2996 0.1255 -0.1665Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Anterior Nuleus ∗ ∗ ∗ ∗Left Brainstem.Midbrain.*.Gray Matter.Lateral Geniulum Body -0.4626 -0.0773 -0.0214 0.0213Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Anterior Nuleus ∗ ∗ ∗ ∗Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.* 0.3033 -0.2726 -0.3543 -0.308Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral Nuleus 0.303 -0.144 -0.2726 -0.2322Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal Nuleus 0.0788 -0.1279 -0.2279 -0.1783
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MMSE FBi(-) FBi (disin) BDIRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial Nuleus 0.245 -0.1982 -0.2246 -0.1263Right Cerebrum.Sub-lobar.Extra-Nulear.White Matter.* 0.3868 -0.0211 -0.1072 -0.0715Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary Body 0.1354 -0.1378 -0.2901 -0.2822Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Pulvinar 0.2011 -0.2348 -0.1937 -0.1341Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Lateral Nuleus 0.3806 -0.0226 -0.1151 -0.0701Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior Nuleus 0.3803 -0.0448 -0.1482 -0.0871Right Brainstem.Midbrain.*.*.* ∗ ∗ ∗ ∗Right Cerebrum.Sub-lobar.Extra-Nulear.Cerebro-Spinal Fluid.Opti Trat ∗ ∗ ∗ ∗*.Sub-lobar.Extra-Nulear.White Matter.* ∗ ∗ ∗ ∗Right Cerebrum.Sub-lobar.Caudate.Gray Matter.Caudate Body 0.3868 -0.0211 -0.1072 -0.0715Right Cerebrum.*.*.*.* ∗ ∗ ∗ ∗Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Anterior Nuleus x ∗ ∗ ∗ ∗Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Anterior Nuleus ∗ ∗ ∗ ∗Right Brainstem.Midbrain.*.Gray Matter.Red Nuleus ∗ ∗ ∗ ∗



395. DISCUSSIONS
5.1 Expeted ontribution of using the GUI based TalairahatlasA graphial user interfae software for anatomial labelling and volumetrianalysis of MR images of thalami stroke patients is presented. The results are promis-ing and suitable for hoosing and labelling the desired region in the brain. The softwaremay be useful not only for identifying thalami stoke patients' region of lesion but alsoother patients with lesions in other regions. However, it is important to note that whenit omes to loate a large lesion in the brain, a di�erent type of normalization methodmay be neessary [40, 93, 94, 95℄.Using a software with eletroni atlases for piking lesions in the MR brain im-ages an also make a ontribution to neuroradiology and neurology, partiularly giventhe inreasing demand for the interpretation of brain sans. Introdution of new imag-ing modalities will also make the the interpretation san more di�ult. Therefore, newapproahes for speeding up and simplifying the interpretation of brain sans, hene,dereasing the learning urve of neuroradiologists are required. In my opinion, the useof suh software with eletroni brain atlases may be a good solution. Neuroradiol-ogists an potentially bene�t from brain atlases by faster san interpretation andommuniate this information to other liniians whih may inrease on�dene,and speed up learning as disussed in Nowinski [96℄.
5.2 Inompleted anatomial regions ( Regions lebelled with �*�sign in Table 4.1 and Table 4.2)As an be seen in Table 4.1 and Table 4.2, there is a ouple of regions labelledwith �*' beause of inompleted anatomial regions in the hierarhial level of the



40atlas. It is useful to expand the searh range to produe an extended list of labeloptions. This approah resembles how authors utilize the Talairah atlas, to reassessnearby labels and pik the most probable andidate when suh onfusion arrises [30℄.Labelling errors for oordinate-based methods an stem from inomplete anatomialmathing by global spatial normalization in addition to the methodologial di�erenes[93℄. Additionally, in order to ontrol any labelling error, a neurologist may hose thelesion area manually on the Talairah Atlas and ompare the results with our softwareresults.
5.3 Comparison of registration and normalization with previ-ous studiesThere are many tehniques in the sienti� literature that show distintive waysto make one brain math to the shape of another or to reognize orresponding pointsbetween two brains. Some of these have been implemented in an entirely automatedway to label brain anatomy (gyrii or suli) and fewer of these still have been evalu-ated beyond visual inspetion, where image orrespondene is mistaken for anatomiorrespondene [97℄. There exist methods that are readily presented for estimatingand omparing the auray of nonlinear registration [98, 99, 100℄. Future studies mayfous on using these di�erent types of nonlinear registration algorithms.Fundamentally, the small deformation theory starts from the fat,that im-age orrespondene an be ahieved properly with a small degree of image transfor-mation [40, 93℄. We do not make use of any masking during spatial normalization inthat lesions in our MR brain image are onsiderably small. However, it should be keptin mind that for spatial normalization of large brain lesions or deformations, methodslike ost funtion masking are alled for[40℄. And however, more studies have to bedone for normalization of large brain deformations, in partiular, for stroke patients.



415.4 Future ideas for the orrelation analysis resultsIt is obvious that neuropsyhologial tests have an important role for reviewingthe range of mental proesses from simple motor performane to omplex reasoning andproblem solving. Correlation analysis of neuropsyhologial tests (MMSE, FBI, BDI)with volume of seleted regions in the Talairah atlas may help the interpretation ofmental proesses resulting the stroke region. Likewise, other neuropsyhologial testsmay be used to determine the orrelation of stroke region and neuropsyhologial testresults.



426. CONCLUSIONS
Using Brain atlas in ombination with software tools enables the exhange ofvolumetri data information quantifying stroke regions among liniians and help thediagnosis and treatment of thalami stroke patients more e�etively and aurately.For further investigation, new toolboxes [44, 60, 61℄, Webbased diretories [34,67, 69, 70, 30℄, new brain atlases, new imaging modalities and new registration andnormalization methods may also be used.Additionally, orrelation analysis of neuropsyhologial tests (MMSE, FBI, BDI)with the volume of seleted stroke regions in the Talairah atlas may relate the neu-ropsyhologial and neuroanatomial data to obtain a more objetive diagnosti value.



43APPENDIX A. REGISTRATION ANDNORMALIZATION STEPS IN SPM5 SOFTWARE
SPM is a Matlab software pakage operating Statistial Parametri Mappingfor neuroimaging data. In this study, SPM5 version is used and an be found at�http://www.�l.ion.ul.a.uk/spm/software/download.html�. SPM is launhed fromwithin Matlab by typing spm at the Matlab prompt. (If the spm.m fution is notfound, make sure that whether the SPM pakage is added on your Matlabpath or not).SPM uses (only) Analyze format images. You'll need to onvert the images from yoursanner to this format. In Figure A.1, the SPM5 default-user software and in FigureA.2, the main help button are presented. More online help may be aquired via themain help button.

Figure A.1 The SPM5 default-user interfae Figure A.2 The main help button



44A.1 Registration step in SPM5

Figure A.3 Coregistration button in SPM5
Coregistration proess starts with piking `Coregister' button on SPM5 menu.After this piking, you get the three options on the SPM5 user interfae. Here,the neessary step for this study is to selet �New.Coreg Estimate and Reslie� optionbeause the relie is useful if two images have very di�erent voxel sizes. In this study,the referene image and the soure image have di�erent voxel sizes.
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Figure A.4 Chosing oregistration type in SPM5
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Figure A.5 Coreg:Estimate and Reslie Option
In Figure A.5, the referene image, soure image and other image types, esti-mation and reslie options are shown. Other images are assumed as defaults used bySPM for estimating the math. Similarly, reslie options an be hosen from the menufor eah of the three options however, in this study, this options are just defaults aswell.
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Figure A.6 The seletion of referene image
As an be seen in Figure A.5, after piking the referene image button, T2.nii,1image is seleted among templates of SPM5 as referene image.

Figure A.7 The seletion of soure image
Soure image that is `jiggled about' to best math the referene and it is seletedafter piking soure image button as in Figure A.5. Via using the �le seletor button,the *.img san that the MRI data is obtained by user is seleted.
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Figure A.8 Running proess for oregistration
After all of these adjustments, the run button is piked. As a �nal part oforegistration, the voxel-to-voxel a�ne transformation matrix is shown, along with thehistograms for the images in the original orientations, and the �nal orientations. Theregistered images are shown at the bottom. These images are also reslied to math thesoure image voxel-for-voxel. The reslied images are alled the same as the originalsexept for they are pre�xed by 'r' in the same subdiretory.
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Figure A.9 The �nal part of oregistration
A.2 Normalization step in SPM5

Figure A.10 Normalization button in SPM5



50Normalization proess starts with piking `Normalise' button on SPM5 menu.After this piking, one gets the three options on the SPM5 user interfae. Here,the neessary step for this study is to selet �New.Normalise: Estimate and Write�option. Estimate and Write will alulate what warps are needed to get from yourseleted image to the template, and will generate a �le ontaining these images endingin �sn.mat� and then apply these warps to your seleted image, produing a new image�le with the same �lename, but with an additional �w� at the front (standing for�warped�).

Figure A.11 Chosing normalization type in SPM5
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Figure A.12 Normalise: Estimate and Write option
In Figure A.11, the soure image, the soure weighting image, the image towrite, estimation and write options are shown. Soure weighting image are assumed asdefaults used by SPM for estimating the math. Similarly, apart from template imagein estimation options and voxel sizes in writing options, the other types of options arejust defaults as well.
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Figure A.13 The seletion of template image
Similar to oregistration proess, template image is the image that remainsstationary. T2.nii,1 among the templates of SPM5 is seleted in the �le seletor buttonfor template image.

Figure A.14 The seletion of soure image
The image that is warped to math the template. Registered soure image inoregistration proess (r*.img) is used as soure image in the study.
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Figure A.15 The seletion of �images to write �
It an be any images that are in register with the "soure" image used to generatethe param- eters. For this purpose, registered soure image (r*.img) is seleted in thisproess.

Figure A.16 Chosing voxel size



54In order to inrease the resolution of MR images, voxel sizes an be dereased.In the study, voxel size to warped out images is adjusted to 0.43*0.43*0.43 mm in theplae of 2*2*2 mm.

Figure A.17 Running proess for normalization
After all of these adjustments, the run button is piked. All normalised *.imgsans are written to the same subdiretory as the original *.img, pre�xed 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" �le.
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Figure A.18 The �nal part of normalization
As a result of registration and normalization proess, addition to *.img �le,r*.img �le, w*.img �le and sn.mat �le are seen in the same subdiretory. When itomes to this point, in order to obtain a vetor of strutures ontaining image volumeinformation, the normalized w*.img �le is read via V S = spm_vol(D : \w∗ .img) om-mand. And in order to be read in entire image volumes [V S1] = spm_read_vols(V S)ommand is used. A similar step is done for Talairah.nii �le whih an be separatedas Talairah.img and Talairah.hdr by using related programmes.Hereby, one must have four data at hand whih are,

• A vetor of strutures ontaining image volume information
• XYZ matrix for entire image volumes
• A vetor of strutures ontaining Talairah image volume information
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• XYZ matrix for entire Talairah image volumesIn the �nd_position.m �le, these data are given VS, VS1, V1, V11 respetively.Addition to this, the range of Talairah labels and the knowledge of Talairah labelsare neessary for implementing the GUI. And, in the �nd_position.m �le, these aregiven �data�, �textdata� respetively.For eah subjet, all of these data are inluded in a *.mat �le. And if onedemand to load a patient's image, the mat �le whih belongs to this patient must beloaded in the GUI when piking �Load� button.



57APPENDIX B. MATLAB sripts for GUI
B.1 tal_gui.mfuntion varargout = tal_gui(varargin)% TAL_GUI M�le for tal_gui.�g% TAL_GUI, by itself, reates 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 existingsingleton*.%TAL_GUI('CALLBACK', hObjet, eventData, handles,...) alls the loal funtionnamed CALLBACK in TAL_GUI.M with the given input arguments%TAL_GUI ('Property','Value',...) reates a new TAL_GUI or raises the exist-ing singleton*. Starting from the left, property value pairs are applied to the GUI beforetal_gui_OpeningFuntion gets alled.% An unreognized property name or invalid value makes property appliation stop.All inputs are passed to tal_gui_OpeningFn via varargin.% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one instaneto run (singleton)".% See also: GUIDE, GUIDATA, GUIHANDLESgui_Singleton = 1;gui_State = strut('gui_Name', m�lename, 'gui_Singleton',...gui_Singleton, 'gui_OpeningFn',�tal_gui_OpeningFn,..'gui_OutputFn', �tal_gui_OutputFn, 'gui_LayoutFn', [ ℄ ,'gui_Callbak', [ ℄);if nargin && ishar(varargin1)gui_State.gui_Callbak = str2fun(varargin1);endif nargout[varargout1:nargout℄ = gui_mainfn(gui_State, varargin:);elsegui_mainfn(gui_State, varargin:);



58end% End initialization ode - DO NOT EDIT%� Exeutes just before tal_gui is made visible.funtion tal_gui_OpeningFn(hObjet, eventdata, handles, varargin)% This funtion has no output args, see OutputFn. hObjet handle to �gure% reserved - to be de�ned in a future version of MATLAB handles struture withhandles and user data (see% )varargin ommand line arguments to tal_gui (see VARARGIN)% Choose default ommand line output for tal_guihandles.output = hObjet;% Update handles strutureguidata(hObjet, handles);% UIWAITmakes tal_gui wait for user response (see UIRESUME uiwait(handles.�gure1);% � Outputs from this funtion are returned to the ommand line.funtion varargout = tal_gui_OutputFn(hObjet, eventdata, handles)% varargout ell array for returning output args (see VARARGOUT);% hObjet handle to �gure reserved - to be de�ned in a future version of MATLABhandles struture with handles%and user data (see GUIDATA)%Get default ommand line output from handles struturevarargout1 = handles.output;% � Exeutes on button press in pushbutton1.funtion pushbutton1_Callbak(hObjet, eventdata, handles)% hObjet handle to pushbutton1 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)%strut �> Vs% �> Vs1axis o�;%h=�gure('position',[50 50 ii*1.5 jj*1.5℄);i=handles.i;



59m1=squeeze(handles.Vs1(:,:,i));axes(handles.axes1);images(m1,[handles.min handles.max℄);olormap gray;axis ij;axes(handles.axes2);la;if length(�nd(handles.I2(:,:,i)>0))>0axes(handles.axes2);images(m1,[handles.min handles.max℄);olormap gray;hold on;axis ij;[Px,Py℄=�nd( handles.I2(:,:,handles.i)>0);plot(Px,Py,'r');endaxes(handles.axes1);if length(�nd(handles.I2(:,:,i)>0))>0axes(handles.axes1);images(m1,[handles.min handles.max℄);olormap gray;hold on;axis ij;[Px,Py℄=�nd( handles.I2(:,:,handles.i)>0);plot(Px,Py,'r');end%I2=roipoly;%[Ix,Iy℄=�nd(I2>0);o=[Iy Ix℄;% � Exeutes during objet reation, after setting all properties.funtion �gure1_CreateFn(hObjet, eventdata, handles)% hObjet handle to �gure1 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB%handles empty - handles not reated until after all CreateFns alledi=1;handles.i=i;



60%handles.V1=evalin('base','V1');Vs1=evalin('base','Vs1');[min℄=min(Vs1(:));[max℄=max(Vs1(:));handles.Vs1=Vs1;handles.min=min;handles.max=max;[ii,jj,kk℄=size(Vs1);handles.ii=ii;handles.jj=jj;handles.kk=kk;handles.I2=zeros(jj,ii,kk);handles.Vmat=evalin('base','Vs.mat');handles.V1=evalin('base','V1');handles.V11=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(hObjet,handles);% � Exeutes on button press in pushbutton2.funtion pushbutton2_Callbak(hObjet, eventdata, handles)% hObjet handle to pushbutton2 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)if handles.i==handles.kkelsehandles.i=handles.i+1;end



61set(handles.edit1,'String',[num2str(handles.i) ' / ' num2str(handles.kk) ℄);guidata(hObjet,handles);pushbutton1_Callbak(hObjet, eventdata, handles);% � Exeutes on button press in pushbutton3.funtion pushbutton3_Callbak(hObjet, eventdata, handles)% hObjet handle to pushbutton3 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)if handles.i==1elsehandles.i=handles.i-1;endset(handles.edit1,'String',[num2str(handles.i) ' / ' num2str(handles.kk) ℄);guidata(hObjet,handles);pushbutton1_Callbak(hObjet, eventdata, handles);% � Exeutes on button press in pushbutton4.funtion pushbutton4_Callbak(hObjet, eventdata, handles)% hObjet handle to pushbutton4 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)T=handles.Vs1(:,:,handles.i);min=min(T(:));max=max(T(:));set(ga,'lim',[min max℄);% � Exeutes on button press in pushbutton5.funtion pushbutton5_Callbak(hObjet, eventdata, handles)



62% hObjet handle to pushbutton5 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)set(ga,'lim',[handles.min handles.max℄);% � Exeutes on button press in pushbutton6.funtion pushbutton6_Callbak(hObjet, eventdata, handles)% hObjet handle to pushbutton6 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)handles.I2(:,:,handles.i)=handles.I2(:,:,handles.i)*0;I2=roipoly;handles.I2(:,:,handles.i)=I2';guidata(hObjet,handles);pushbutton1_Callbak(hObjet, eventdata, handles);funtion edit1_Callbak(hObjet, eventdata, handles)% hObjet handle to edit1 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)% Hints: get(hObjet,'String') returns ontents of edit1 as text% str2double(get(hObjet,'String')) returns ontents of edit1 as a double% � Exeutes during objet reation, after setting all properties.funtion edit1_CreateFn(hObjet, eventdata, handles)% eventdata reserved - to be de�ned in a future version of MATLAB% handles empty - handles not reated until after all CreateFns alled% Hint: edit ontrols usually have a white bakground on Windows.% See ISPC and COMPUTER.if isp && isequal(get(hObjet,'BakgroundColor'),...get(0,'defaultUiontrolBakgroundColor'))set(hObjet,'BakgroundColor','white');end



63% � Exeutes on button press in pushbutton7.funtion pushbutton7_Callbak(hObjet, eventdata, handles)% hObjet handle to pushbutton7 (see GCBO)% eventdata reserved - to be de�ned in a future version of MATLAB% handles struture with handles and user data (see GUIDATA)=[ ℄;for k=1:handles.kkK=squeeze(handles.I2(:,:,k));[I℄=�nd(K>0);if length(I)>0[Ix,Iy℄=ind2sub([handles.ii handles.jj℄,I);=[;Ix Iy ones(length(Ix),1)*k℄;endendPix=;I2=handles.I2;save Pix.mat I2;[posname℄=�nd_pos(handles.Vs,handles.Vs1,handles.data,...handles.textdata,handles.V1,handles.V11);save Pix.mat I2 posname%D1=handles.Vmat*[ ones(length(),1)℄';D1=D1(1:3,:)';%D2=ibm_spm2tal(D1);%Pix=D2;%Pix=inv(handles.Vtalmat)*[D2 ones(length(D2),1)℄';Pix=Pix(1:3,:)';



64B.2 �nd_position.mfuntion [posname℄=�nd_pos(Vs,Vs1,data,textdata,V1,V11)load Pix[ii,jj,kk℄=size(Vs1);[A1,A2,A3℄=ind2sub([jj ii kk℄,�nd(I2>0));for i=1:length(A1)pp=Vs.mat*[A2(i) A1(i) A3(i) 1℄';pp=pp(1:3);pp1=ibm_spm2tal(pp);pp2=inv(V1.mat)*[pp1' 1℄';pp2=�x(pp2(1:3));d(i)=V11(pp2(1),pp2(2),pp2(3))+1;enda=hist(d,[1:1106℄);b=�nd(a>0);T=0;posname=strut();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;endx=diag(Vs.mat);f=fopen('result.txt','wt');
fprintf(f, [′TotalV olume =′ num2str(T )′mm3(′num2str(sum(a(b)))′voxels)...

(′num2str(abs(x(1)))′x′num2str(abs(x(2)))′x′)
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num2str(abs(x(3)))′) \ n \ n′]);

fprintf(f,′ \nV olume inmm3 \ t \ t%%V olume \ t \ tRegion \ n′);

fprintf(f,′−−−−−−−−−−−−−−−−−−−−−−−−−−−− \n′);

forj = 1 : length(b)

fprintf(f,′%5.2f \t\t%2.1f \t\t%s\n′, posname(j).size, 100∗posname(j).size/(T ), ...

cell2mat(posname(j).name));

fprintf(f,′ \n′);

end

fclose(f);



66APPENDIX C. The implementation of the orrelation analysis
Table C.1The results of neuropsyhologial tests

Therangeo
fpatients

MMSE FBi(-) FBidisin BDI1 24 6 5 322 23 3 3 103 26 0 0 114 28 19 13 145 27 2 6 46 27 3 3 107 27 4 3 08 27 15 6 239 29 0 0 310 22 11 5 311 27 5 2 512 30 4 2 713 28 2 3 1314 26 4 2 1015 28 1 1 316 29 1 1 017 28 5 3 24
� orroef.m� �le is operated as [r, p] = corrcoef = ([xy]), where x and y areolumns vetors. Addition to �r� oe�ient value, [r, p] = corrcoef([xy]) also returnsp, a matrix of p-values for testing the hypothesis of no orrelation. Eah p-valueis the probability of getting a orrelation as large as the observed value by random



67hane, when the true orrelation is zero. If p(i,j) is small, say less than 0.05, then theorrelation r(i,j) is signi�ant.In present study, �x� value is assumed as one of the seleted stroke region foreah subjet. �y� value is assumed as one of the results for neuropsyhologial testsmentioned in hapter 1.In order to show �the range of patients for neuropysiologial tests�, �the range ofpatients during alulating the mean distributions� and �the seleted stroke region foreah subjet�, Table C.3, Table C.4, Table C.5, Table C.6 are given.1 In fat, Table C.3,Table C.4, Table C.5, Table C.6 are a part of Table C.2 whih is already a simulationtable for the distribution of seleted stroke regions. In order to be visualized, TableC.2is presented.As an be realized in Table C.3, Table C.4, Table C.5, Table C.6, a group ofpatient's values are evaluated for the orrelation analysis . This group is the lateralgroup of thalami infartion in Figure 4.4. Aording to this, the patients for neuropy-siologial tests are numbered in Table C.1 (It an been when being looked at the �rstolumn) and the same numbers are used in Table C.3, Table C.4, Table C.5, Table C.6(similarly look at �rst olumn at these Tables). These number are bold at these tables.For eah orrelation analysis test, one olumn is taken in Table C.1 and one olumnis taken in Table C.3, Table C.4, Table C.5, Table C.6 with the same range at �rstolumn ompared to Table C.1.When these olumn vetors are orrelated via [r, p] = corrcoef([xy])ommand,two results return as �r� and �p�. Then, among the orrelation values, those whihhave � p≤ 0.05� are taken for evaluations signi�antly. In Table 4.5, the results arepresented.The mean distribuiton values an also be aquired when the olumns are added1In Table C.3, Table C.4, Table C.5, Table C.6, a ouple of the seleted stroke regions whose valueshas already empty are eliminated in order the tables to be squeezed in a page



68up on their own. Additionally, in Table C.3, Table C.4, Table C.5, Table C.6, theitali values show the female patients. Separately, the mean distribuiton for femaleand male groups an be aquired when the olumns are added up on their own (Figure4.3, Figure 4.4 and Figure 4.5). Table C.2The simulation table for the distribution of seleted stroke regionsA1 A2B1 B2
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TableC.3

Thedistributionofseletedstrokeregionforeahsubjet(A1Part)

The range of patients for the neuropsyhologi testsThe range of patients during alulating the mean distributionsLeft Cerebrum.Sub-lobar. Thalamus.Gray Matter.*Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.PulvinarLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal NuleusLeft Cerebrum.Sub-lobar.Extra-Nulear.White Matter.*Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary BodyLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior NuleusLeft Cerebrum.Sub-lobar.Extra-Nulear.White Matter.Ventral Posterior Lateral NuleusLeft Brainstem.Midbrain.*.*.*Left Brainstem.Midbrain.*.Gray Matter.Medial Geniulum BodyLeft Brainstem.Midbrain.*.Gray Matter.Lateral Geniulum Body

1115.71.134.548.8
2341.6

0.70.320.4
37

426.87.78.22.219.46.24.125.4
125136147486.183.96.7

1.50.91
942.8

10041.59.26.5
21016.148.914.9

9.40.1
7.31.41.9

31149.335.54.58.12.7
1269.80.9

3.7
322.5

13514319.35.249.64.8
151655.5

13.728.42.4
15176181314.668.43.6

0.10.3
1619
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TableC.4

Thedistributionofseletedstrokeregionforeahsubjet(A2Part)

The range of patients for the neuropsyhologi testsThe range of patients during alulating the mean distributionsRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.*Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary BodyRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary BodyRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.PulvinarRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Lateral NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior NuleusRight Brainstem.Midbrain.*.*.*Right Cerebrum.Sub-lobar.Extra-Nulear.Cerebro-Spinal Fluid.Opti Trat*.Sub-lobar.Extra-Nulear.White Matter.*Right Cerebrum.Sub-lobar.Caudate.Gray Matter.Caudate BodyRight Cerebrum.*.*.*.*
11210.3

2.786.5
0.6

341254.611.83.71.7
57.420.3

0.5
13621.5

52.9
25.5

14722.716.43.524.225.14.14.1
48927.135.15.421.7

10.6
21031112134.31.3

94.3
5141516.868.70.31.312.9

0.1
16151732.40.16.18.950.42.1

618161929.215.52.430.222.8
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TableC.5

Thedistributionofseletedstrokeregionforeahsubjet(B1part)

The range of patients for the neuropsyhologi testsThe range of patients during alulating the mean distributionsLeft Cerebrum.Sub-lobar. Thalamus.Gray Matter.*Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.PulvinarLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal NuleusLeft Cerebrum.Sub-lobar.Extra-Nulear.White Matter.*Left Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary BodyLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior NuleusLeft Cerebrum.Sub-lobar.Extra-Nulear.White Matter.Ventral Posterior Lateral NuleusLeft Brainstem.Midbrain.*.*.*Left Brainstem.Midbrain.*.Gray Matter.Medial Geniulum BodyLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Anterior NuleusLeft Cerebrum.Sub-lobar.Thalamus.Gray Matter.Anterior Nuleus

17201055.219.90.714
0.3

2172214.47.221.151.60.25.5
8232425269277.659.225.71.92.230.20.2
11282923.7

0.2
62.3

13.7
3031.614.92911.8

4.5
5.52.6

103123.7
0.2

62.3
13.7

323327.70.30.6691.3
1.1

3426.9
5.12.40.464.5

0.6
3536373824.23.4

2.90.91.962.4
2.32
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TableC.6

Thedistributionofseletedstrokeregionforeahsubjet(B2Part)

The range of patients for the neuropsyhologi testsThe range of patients during alulating the mean distributionsRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.*Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Lateral NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Medial Dorsal NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Posterior Medial NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary BodyRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Mammillary BodyRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.PulvinarRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Lateral NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Lateral Posterior NuleusRight Brainstem.Midbrain.*.*.*Right Cerebrum.Sub-lobar.Extra-Nulear.Cerebro-Spinal Fluid.Opti TratRight Cerebrum.*.*.*.*Right Cerebrum.Sub-lobar.Thalamus.Gray Matter.Ventral Anterior NuleusRight Cerebrum.Sub-lobar.Thalamus.Gray Matter.Anterior Nuleus

17202111.686.61.7
72282312.5

1.3185.2
2444.50.76.816.132.2
2512.5822.720.80.1
2639.617

40.7
11.7

927112828.73.90.736.327.43.1
2926.250.3151.65.31.20.10.3
30103123.9

16.70.958.1
0.4

3233.73.79.73.437.511.70.2
33343547.20.40.435.716.2
361874.30.17.6

0.1
3772.226.2

1.8
38
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