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Abstract

Brain template is essential to functional and structuraharepping. It provides a standard
stereotaxic space containing a set of anatomical and furadtlabels annotated at specific
coordinates. An individual brain can be spatially normediznto this standard space to
incorporate the annotation information. Furthermorey amthis same space that brain MR
images can be compared to obtain statistical inferencewdtstral discrepancy. MNI305 is
a widely-used brain template, which was created by Montxealrological Institute from
305 brain MRI volumes of Western normal subjects. Howeveéeriathnic difference of
brain structure can be large. Normalizing the brain to a tatepof different race may
cause structural artefact due,to the large spatial distartrherefore, a customized brain

template is necessary for structuralbrain:analysis fotdtgeople.

In this work, we develop associated algorithms and consaul@aiwanese brain tem-
plate from a database containing brain‘MRI volumes of Taiwarer both genders. First,
we propose an estimation technique that can automatioetgrichine the mid-sagittal plane
for each individual MRI. Then, the anatomical landmark, antecommissure (AC), is se-
lected as the origin point and another anatomical landnpargterior commissure (PC), is
selected such that the AC-PC line constitutes the mappirgy &e choose an individual
MRI as the representative brain and register all other MRIbéastime stereotaxic coordi-
nate space by aligning their mid-sagittal planes, origamsl mapping axes to those of the
representative brain. Finally, the brain template is ol@diby averaging all of the spatially

normalized brain MRIs.

In this study, we also demonstrate that the constructedarage brain template can be
used to reduce the amount of spatial normalization distortthen Taiwanese brain MRIs
are involved in structural analysis. Another finding sholz fTaiwanese brain template is

shorter and wider than Western templates.
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Chapter 1

Introduction




10 Introduction

1.1 Backgrounds

Magnetic resonance imaging (MRI) is a modern technology ith 2Z&ntury. It is a
visualization method used to observe inner side of livingaoisms without physically
breaking the outside tissue. Therefore, it becomes a widlsdygl technology on medical

diagnosis and pathological studies.

There are many advantages of MR technology. Aside from MRiegysises a non-
invasive method to examine the organisms inside a livinggb®dere is no reported injury
which is caused by MRI scanner after scanning until now. Qitser, MR image is high
resolution and could provide the inner:soft tissue from aingation. An disadvantage of
MR system is that the device is sO expansive; approximateyswone million US dollar

per tesla for each unit, and also costs hundred thousaratsipker year to maintain.

For the importance of MRI, the Nobel Prize in-Physiology or Mete has jointed
awarded to Paul Lauterbur and Peter Mansfield, the first meoflbdiscoverers on MRI,
for their contribution on magnetic resonance imaging (MRBtem. Professor Lauterbur
discovered MRI technology in 1973 by accident. He was an tasgiprofessor in State
University of New York at that time. One day he whimsicallydad the magnetic field
gradients to the normally homogeneous main magnetic fidldsiwused to produce nuclear
magnetic resonance (NMR) signal. Surprisingly, the reslltsved the spatial resolution
instead of spectral resolution in general. Professor lthutehas send this discovery in
Nature [22]. However, it was rejected. Although this workswajected by Nature at
that time, Peter Mansfield later recognized this discovenytabe used to directly provide
spatial information. Combining this discovery with the egilanar imaging technique,
which is also developed by Mansfield, MRI system now coulddigisplay the scanning

images at once.

Since the contribution of magnetic resonance imaging systade by Paul C. Lauter-
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subject A subject B A over B

Figure 1.1:Diversities of brain volumes. (left) Subject As brain MRI volume. (middle)
Subjects B’s brain MRI volume. (right) Overlap subject As Hemto subject B’s head.
Since brain shape, brain size and the scanning pose varydeoson to person. We can
not simply pick the same voxel in order to compare the difieeebetween different brain
MRI volumes.

bur and Peter Mansfield,-this development accelerate treepce of modern magnetic
resonance scanner. Nowadays, using-3D.stereo volume wbingtracted by the scanner
to assist doctors diagnosing is really a common way. It israirig point of the medical
diagnosis and routine inspection. Consequently, there are and more researches focus
on these MRI volumes. For instances, with the progress of tlaéitg in medical images,
Greitz, Bohm, Holte, and Eriksson [11] have developed a 30taligtlas of the human

brain by computerized 3D visualization technology.

In many brain diagnostic and its related works, the relatdm of the brain structure
between different subjects is necessary to be known. Hawthare is no reason to quite
simply compare the same position voxel in different volureeduse of the non-equivalent
brain shape and size. Otherwise, even the same testerbthgirdo not lay the same ori-
entation and position on the MRI machine. Therefore, the gaws#ion voxel in different
volume clearly do not hold the same brain structure. As theomes said above, a standard
3D brain structure space, said a brain template, is needeatonce the correctness and

soundness of all these related brain studies.
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Once we have a standard 3D brain structure space, we noendiiffierent MR volumes
to the standard space to compare the difference between Nerartheless, normalization
lead to volume deformation. That is, if we do the rotation agdling on MR volume
in order to map onto the standard space, the cost we have tis pfag inaccuracy of the
transformed volume. For the researchers, the less thetibistathe more reliability of the

study. In other words, we must choose the brain templateaxitieptional caution.

Talairach brain is a commonly used brain template. It waseméh woman’s brain
which anatomized by Talairach and Tournoux [37]. On the ottand, Evans, Collins,
Mills, Brown, Kelly, and Peters [7] in Montreal Neurologidalstitute (MNI) constructed
a standard brain template by 305 western young men who haweailp functional brain.
These two brain templates are regularly chose by relateshrelsers. However, we may
figure out that the brain size of western people islarger thamrain size of eastern people

by the observation that the western people-generally-hagebbodies.

As a matter of fact, according to Zilles, Kawashima, Dabinigugs, Fukuda, and Schor-
mann [43], they indeed claim that there'is'inter-ethnicesté¢hce of brain structure. The
Japanese brains are shorter, wider than the European.bfams, if we normalize the Tai-
wanese brain to the standard brain template which constiymimarily from the western
population, the inaccuracy is apparently larger than nbe@#o the template constructed
primarily from eastern people. In order to reduce the inesxcy we collect lots of Tai-
wanese brain subjects which come from both age and gendepgia order to create
a brain template which is more suitable to the Taiwanesebrdihe resulting Taiwanese
brain template will improve the accuracy of structural brstudies when Taiwanese people

are involved.

For another practical use, the Taiwanese brain templatel b@ua bridge between Ta-
lairach Brain and individual brain. Talairach Brain is a sfiedbrain which connected
to Brodmann map as well as the Brodmann map is foundation af fwactional region.

Once the Taiwanese brain template is constructed, thefdrametion relationship between
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these two brain templates could be determined. Thus, wiatggven functional brain
structure images or a brain electrical activation signgy ntiae researchers could recognize

the activation area of Brodmann area.

1.2 Related Works

Brodmann Map

Brodmann map is a map which defined the cerebral cortex bylitdareanatomy. This
work was done by a German neurologist, Koribian Brodmanrg§1B#18), in 1909. Brod-
mann structured several normal human‘brains under migpedooseparate cerebral cortex
into 52 anatomic regions,-called the Brodmann areas, whighdged to be anatomically
independent. It was conjectured‘that the neuron belongetadime cellular organization
may work for the same function. From then on, quantities séaeches were progressed
based on Brodmann map. Until now, there are lots of studigsrttiecate the correspond-
ing relationship between human brain function and Brodmaeasa For example, func-
tion of primary vision is about the Brodmann area 17 and of arytmotor is about the
Brodmann area 4. Although Brodmann map was drawn up about argesgo and is
nowadays somewhat insufficient for detailed functionalrbiamaging, it is still a popular

cyto-architectonic map used in cognitive neuroscience.

Talairach Brain

In 1988, Talairach and Tournoux [37] labeled Brodmann maj on¢ir stereotaxic
atlas, which called Talairach brain. They dissected an odth¢h female’s brain and pho-
tographed every slices then labeled the region of the Brodraaga. They also defined a

standard coordinate system based on Talairach brain. Noywathlairach coordinate has
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Frontal Eye [7]
Fields

|| Sematosensory

| |Broca's
[ ] Audition
] Wernicke's

| Cognition B visual-parietal

|| Visual-temporal
[ oifaction

Figure 1.2:Brodmann map. Brodmann map was defined by cyto-architectonic method
in 1909. It was divided into 52 distinct regions which wasle@lBrodmann areas. A
Brodmann area was considered as a cellular organizatiorhwhay active for the same
function. From then on, lots of studies have confirmed theticiship between Brodmann
map and human brain functional areas.

(Graphic source : http://spot.colorado.edu/ dubin/fhlicdmann/brodmann.html)

became a commonly used stereotaxic space. Talairach bekiesit possible to obtain the
related Brodmann area from the position of the Talairachdioate. In other words, if we
put a brain volume in Talairach coordinate, we could figuretbe proper function of any

region in brain.

However, even Talairach brain could map with the Brodmana,&@me disadvantages
still exist. First, a 60-year-old French woman definitelylcbnot stand as the representative
brain of most people. Second, there was an irrational assomef the Talairach brain.

Talairach and Tournoux [37] had assumed that the human isrparfectly symmetry. It is
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no doubt that this assumption is ridiculous. The last, théds of slices is 4mm. It is too

large the spatial interval that we certainly can not recahole brain from these slices.

MNI305

In 1994, Evans, Collins, Mills, Brown, Kelly, and Peters [7]MNI tempted to set up
a brain structure space which is more representative of dpelation. They select 305
normal subjects to construct a standard brain templatehndgiproximate the Talairach
brain. This brain template is called MNI305. MNI305 was bby a two-stage method.
First, 241 normal MRI volumes were took to fit the TalairaclastiThey manually picked
several landmarks on each of these 241 brain volumes in tordtermine an origin, said
the anterior commissure (AC), and a reference line, said AQiHRCwhich passed AC
and the posterior commissure (PC). Then they defined threegwhal axes and finally
fit these 241 brain volumes to the-target:volume, Talairaeimbby a 9 parameter linear
transformation. In the second stage, 305 normal MRI voluma®wook to be processed
as the same procedure in the first stage. The only differeatgelen these two stages
is that the average of the transformed 241 brain volumesaigesbne substitute as the
target volume in stage two. The purpose of the second stagerésiuce the subjectivity
of manually selection of the landmarks. Finally, they gotaamrage MRI volume which

nowadays named as MNI305. MNI305 is the first template caottd by MNI.

ICBM152 and ICBM452

Consequently, International Consortium for Brain Mapping (IOBdMopted MNI305
as their standard template and used 152 normal subjectsNMMRiscans which normalized
to MNI305 with 9 parameter affine transformation to congtraicother brain template,
which is called ICBM152[28]. According to the official webs@&ICBM
(http://www.loni.ucla.edu/ICBM), the newest ICBM brain tera@d was constructed by 452
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normal young adults brains.

Colin27

A member of MNI, Colin Holmes, had scanned 27 times for T1-\w&dd volume data.
These data were in high resolution and came from the sameméti®imes, Hoge, Collins,
Woods, Toga, and Evans [14] then register these 27 volungeshier to create an average
brain, which called Colin27. The resulting template, Colin2ad a high quality of signal-
to-noise ratio (SNR). Therefore, these clear images coulgsb&ul for brain structure def-

inition and any other anatomical studies.

Japanese Brain

In Asia, Sato, Taki, Fukuda, and Kawashima {31] collected716ormal and right-
handed Japanese adults MR volumes, including 772 men, 7ifewand the age range is
between 16 to 79. They separated these subjects into groupedang to the age. Then,
a reference brain was selected from each group. By norm@lewery individual brain
subject to the reference brain of its age group, the measueai age-related structural

variation was detected.

Korean Template

78 normal and right-handed scanned MR and PET brain volurassullected by Lee
et al. [23]. These subjects were divided into groups of geadd groups of age (youth and
elder). Two target brains were selected for gender groupehbyi-auto selection method.
All brain subjects were normalized to the target brain ofgésnder group. Finally, four

templates of youth men, elder men, youth women and elder womeee constructed.
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On the other way, 100 healthy Koreans (ag#®:+ 17 years old, M/F = 53/47) were
collected to form a Korean template [18]. In Kim et al. [18&dy, they compared the
difference between Korean template and some other Westapldtes. A conclusion was

that Korean brain volumes are wider, shorter and smaller ¥astern people’s.

1.3 Thesis Scope

In this thesis, it is our attempt to construct a brain tenglakhe intuition to build a
template is to average all brain volumes and let the regudtierage brain be the template.
However, due to the impact of.the brain shape, brain sizelamdiversity of the scanning
position, the average brainis definitely toe blurred to oéiey information. Thus, we shall
define a mapping plane, a mapping-line and a mapping pointderdo register different
brains together. By referring ta the Talairach coordindte,mapping plane would be the
mid-sagittal plane (MSP), the' mapping line'would be the iassing through anterior com-
missure (AC) and posterior commissure (PC), and the mappiimg would be AC. After

we fit all these features together, the remaining thingsiarplg scaling and averaging.

We could separate the procedure of our template construictio two parts. The first
part tells the estimation of mid-sagittal plane (MSP). Teeand part illustrates the major
steps of construction, including the determination of thgresentative brain, head regis-

tration method and finally the averaging.

Inputing a volume data which is T1 images, we first procesy ilr auto-estimation
MSP program and output a MSP-corrected volume data. Thetsxwédl check T1, T2
and PD images to see if the volume data is a normal brain. Theratal brains would be
exclude. Then the experts will examine if the auto-estithM&P is perfect enough. If not,
the experts would manually correct it. If it does good, thigito volume passes the test of

experts. Finally, the experts would select several lansan these passed brain volumes
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T

Figure 1.3:Features for mapping individual brains to template. In order to register the
brain volume reasonably, we should take a representatitBssue as the mapping feature.
According to the Talairach coordinate, we select antelwonmissure (AC) as the mapping
point, the line passing through ac and posterior commis®3, said AC-PC line, as the
mapping line, and the mid-sagittal plane (MSP) as-the mapplane. (left) This figure
shows AC-PC line and two commissure AC (the leftintersegtioimt) and PC (the right
intersection point). (right) MSP:is what we called the idtemispheric (longitudinal)
fissure which approximately bisect human-brain-into bitsymmetry. This figure shows
MSP on axial view.

for the use of following steps.

To begin with brain registration procedure, we need to sedeepresentative brain
from these brain volumes and then transform representataia’s AC and PC onto all the
other brain volumes. The transformed AC and PC are denotetCasand PCr. These
two transformed landmarksiCr and PC, jointly play a major role on brain registration.
ACR was set as the mapping origin, add’'z- PC, line was set as the mapping line. As
the result, we orientate th&éC'r- PC'y line to horizon and aligitdC'r on the same point. At
this moment could we do the scaling. The size of every bralarme would scale to the
size of representative brain. In the end, brain templatemsitucted by averaging these

processed volumes.

In brief, our brain template construction method can bernilesd as the following steps.

For each subjects,
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T2, PD Images }\ E END )

‘,
\ Exclude
Manual
_ Automatic MSP MSP
mage ]
g MSP correctlon correction Correction
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Transform

set ACg-PCp line| move ACyg on an ’ Representative Brain's Brain

hori a pre-determined |* AC and PC on subject, . c
on orizon point denoted as ACg, PCy ReEiEiaton

7
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Figure 1.4: Flow chart of template.construction. This figure describes the processed
flow chart of an input brain:volume: | The first part is MSP cotigat In this part, volume
data would be examined by'the experts to see if it is normatotf we will exclude this
brain volume out of our experiment. If it.is a normal braire #xperts would check if the
estimation of MSP is good-enough.'1f-not, the experts wouldumadly correct to a more
precise one. At the end of this:step, the experts will seleetml landmarks for the use
of following steps. At the second part, we transform the espntative brain’s AC and
PC onto the input volume data. The following steps are to Ipaitttansformed AC on a
predetermined point and orientate the transformed AC-P&€Horizontal for the purpose
of alignment. Finally, the third part is to scale the inpulwvoe to the size of representative
brain. In the end, we average all brain volumes to obtain thmltemplate.

=

Estimation of MSP

N

Selection of representative brain
3. Determination of AC point and AC-PC line

4. Alignment of AC point and AC-PC line

m

Scaling

In the end, we average all subjects and smooth the averageugg..
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1.4 Thesis Organization

In the following chapters, we will present our algorithmperment results, and finally
the discussion. In chapter 2 and chapter 3, we bring up ouar adéemplate construc-
tion. Chapter 2 "Estimation of Mid-sagittal Plane” could egarded as the necessary
pre-processing step when comparing the brain structunely. iDve know the location of
MSP, we can align different brain volumes together and damther processing steps. In
chapter 3, we show the construction steps in order. In chdptee take experiments on

our method. Finally in chapter 5 and 6, we have a discussidrcanclusion.



Chapter 2

Estimation of Mid-sagittal Plane
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2.1 Introduction

The interhemispheric (longitudinal) fissure approximatasect human brain to bilat-
eral symmetry. This symmetry plane is called mid-sagittahp (MSP). MSP is a critical
feature while referring to the Talairach coordinate. Thisrao doubt that estimation of
MSP is usually the essential preprocess of brain registrafor it is reasonable to map
everyone’s MSP together. In addition, it is also the keydaof brain normalization, brain
segmentation, tumor detection[27] and landmarks detedt). Obviously, identifying
the MSP is of great assistance in pathology and clinicalrbag. However, we should
keep in mind that normal brains are usually asymmetry and B$fys forms a curved
surface instead of a flat plane[36]. For these reasons, naikgtatement of MSP was

defined in medical science.

2.2 Previous Works

Several approaches have been proposed to estimate MSP orLMRCollins, and
Rothfus [24, 25] tried to detect yaw angle on each axial sliédter this step, they approx-
imate roll angle based on these detected yaw angles andxtiastea MSP. Consequently,
Mykkanen et al. [29] have extended this method on PET images.aReiral. [30] used
an iterative two-stage scheme. The first stage is block nmagahethod in order to obtain
the displacement field. The second stage is to estimate a M3¥&abt trimmed squares
(LTS) method. The procedure would be iterative processétiugoes into the converged
condition. Teverovskiy and Liu [38] consider only the plarvehich close to centroid and
embedded lattices from coarse to fine on a unit sphere in toad@iculate each node. This
calculation tries to give scores of each candidate MSP.lginbey picked a MSP which
got the highest score. Hu and Nowinski [15] tried to locatsuis line segments on every

axial slices. Then they calculate the orientation and tedies of final position of the fis-
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sure line in each slices. In the end, by excluding the ostléthe these line segments, they
used least-square method to approximate MSP. Ardekani ] alTuzikov et al. [39, 40]
and Stegmann et al. [36] used simplex optimization metha@ppyoximate a precise MSP
from each iteration to iteration. Dealing with optimizatimethod, avoid falling into lo-
cal minimum is what needs to put into consideration. And thlat®n is about the initial

values and the objective function.

2.3 Proposed Method‘of Mid-sagittal Plane Estimation

In this section, we proposed an estimation method for mgitsd plane. The input of
this estimation model is the brain volume provided by thepitasand the output would
be the input brain volume with its MSP transformed as the Iniel-plane. Inside this

estimation model, simplex optimization method is used toaex MSP.

There are two criteria we used to measure how good a MSP espiegk The first crite-
rion is that MSP could separate the brain as symmetry ashpes€iross-correlation value
was calculated about the corresponding voxels of left heineise and right hemisphere.
The second criterion is that an ideal MSP should contain mexon it. Because an ideal
MSP could separate left hemisphere and right hemispheréeadycas possible, just as
Talairach Brain shows. For this criterion, we first selectedgon of interest (ROI) upon
the estimated MSP and then summed up the voxel intensitgarRDI. Regards to these
two criteria, the higher the cross-correlation value ad althe lower the summation of

intensity is what we expected.
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2.3.1 Estimation Model

Input : Volume Data Coordinate Cy

Given a volume dat&, we say that this volume is in its volume data coordin@te
The origin inCy, is set on the left bottom corner of the volume data. Besidesaxes are
denoted axo, yo andzo. Under the volume data coordinatg, MSPF is represented

as

F=n- Y =M. Mmc + ¢, (21)
VA
where (x,y,z)e V. Let MSP origingy;be the projectionof mass ceniai: on MSPF, and

tis the distance fronmc to oy Whereniis-the plane normal unit vector.

Output : MSP coordinate C,

It is our intension that the MSP could be in the middle of thupme. That is to say,
the normal vector of MSP is the same as one of the coordinde alkerefore, we define

MSP coordinat&”,; as follows,

T — axis : Xy = N, (2.2)

Xp X X X if x
Y — azis : yy = M X (Yo M) M 7 Yo ’ 2.3)
—X0 |f XM =Yoo

Z—axis : Zn = XM X YM- (2.4)
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Z-axis

Transformation
Matrix T

MSP Normal Vector -

X-axis

MSP Normal Vector

X-axis

Figure 2.1:Transformation from input volume coordinate to corrected MSP coordi-
nate. (Left) When given a input data volume whose MSP is not corcetiebe on the
mid-line plane. We say that it is in the volume data coordirf@$. (Right) It is our goal
to correct MSP on the mid-lineyplane. After correcting thaibrolume which came from
Co, we say this brain volume is in I‘VI%SP coordinatg.

1= % | =

1

Otherwise, let MSP origin]yf be the origin ‘ofnthé MSP coordinafe,,.

Coordinate Transformation : from Cp to Cy,

The transformation matrix fror@',, to Cp is

XM YM Zm OmMm

T = . (2.5)
0o 0 0 1

Thus, the transformation matrix frofiy, to Cy, is Ty = (T) . If we know the apposite
n and t, which determine a MSP and the transformafigy, we can usél'y, to correct

MSP on the appropriate plane location.
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2.3.2 Symmetry Measure

Weighted Cross-corelation

To see how perfect of the object’'s symmetry, cross-coamat always the first idea
came into our thought. There are two reasons for us to appightexl cross-corelation
instead of general cross-corelation. One of the reasomigtie more inner-side the brain,
the tissue should be more symmetry. The other reason is bagkdt most of people have

almost perfect symmetry position on both eyes.

Based on these two reasons, different weights on differexelsovere given depend
on its position. Values of weight-were-applied by-Gaussiarvewistribution. Larger
weighting values were offered on the inner-side voxels s tihese tissues could give a
significant influence on symmetry measurement. Oppositeéymore far away from the
MSP, the less contribution the voxel made. By.experiencegaar weight from 1 to 30

was suitable in case.

Voxel-by-voxel multiplication was done while calculatinglue of cross-corelation.
However, it is time consuming if we go through the whole voludata. Besides, there are
also several variable regions which vary on each individulject. Thus, for the reason to
reduce computation time and excluding the variable regimggon of interest (ROI) was
selected instead of taking the whole volume data into pgicgs The ROI on x-axis is
picked the area inside the skull. Because of the Yakovlewague, on y-axis we picked
from eyes to the front of the occipital. Along z-axis, we mdiirom parietal lobe to the top

temporal lobe for the sake of the bottom of temporal lobe Iisbahaves as asymmetry.

According to the above two issues, the weighted cross-atioel value, said WCC,
could be written as follows. For each voxgl, q; is its symmetry point relative to MSP

F. Both p;, g; are in ROI and laid on different side of MSP. Vectgrsand q represent
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Gaussian Mask
30 T

- SO WU . ———

. — L T — .

Weight

150

Figure 2.2:Weighted curve. . (Top brain) The colors which cover the brain means the
weighted value. The brighter the color, the:larger the valineight. For the reason that
inner-side tissues always present:a more precise symmégrgive these region the major
influence which means a larger weighted value. (Bottom cufeed on x direction axis
indicate the mid-line plane x=0. From x=-50 to x=50 is abdw inner-side tissues and
also covered both eyes. Thus, we gave a gaussian curve (FWHMweghted value in
this place. And the maximum weight is set as 30. Otherwiseletvthe region outside
x=-50 to x=50 only contribute weight 1.

weighted voxels in ROI on both sides of MSP, respectively.

W(p1) - 1(p2) Wi(q) - 1(g2)

| Wip2) - 1(p2) | Wiae) - 1(g2)
p= , q= ,

W(pn) - 1(ps) W(gn) - 1(qn)

wherelV (v) is the weight of voxel according to its position, anf{v) is the intensity of

voxelv. That is, given a MSIF, value of weighted cross-corelation is considered as

_ pq
WO = 1pllal (2.0)
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m—

Coronal View Axial View Sagittal View

Figure 2.3: ROI of weighted cross-correlation. Here shows the area we picked up to
calculate cross-correlation value. On x direction, we teld the area inside the skull.
On y direction, we selected the area from the eyes to the fybthie occipital. Due to
"Yakovlevian torque”, we exclude occipital lobe.. On z ditiea, we picked from parietal
lobe to the top temporal lobe for the sake of the bottom of mmidobe usually behaves
as asymmetry.

For measurement of symmetry, the higherthe-value of WKL 3(what we expected.

Darkness of Mid-sagittal Plane

An ideal MSP should contains no brain cortex. That is to sagPMould bisect right
and left hemisphere clear enough. Besides, magnetic resenarages would display
black or blurred on the non-tissue region. Thus, if MSP exhifiack or blurred excluding
regions of skull, cerebellum, brain stem, corpus callosaththalamus, it means this MSP
may contain little cortex. This is the reason why darkneggP was taken as one of our

symmetry measurements.

In addition, the region where needs to be focused on MSP isethien excluding
skull, cerebellum, brain stem, corpus callosum and thatamithe region to focused on
was selected as region of interest (ROI). We summed up thel uabensity in ROI, where

the summation of intensity on MSP was denoted as DARK. Thaiven a MSPF, the
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(a)

Figure 2.4:ROI of mid-sagittal plane.”(a) (left) This is a brain volume before MSP cor-
rection. The green line indicates MSP on axial view. It isacliat the mid-line plane (the
sagittal view) is bright on region of frontal lobe and oct@piobe (the yellow circles) for
mid-line plane crossing through brain cortex. (right) Tikia brain volume after MSP cor-
rection. MSP of brain is set as the mid-line plane (the sagiiew). We can observe that
MSP is more blurred than the left one except the bright otadippbe caused by Yakovle-
vian torque. (b) An ideal MSP should contains no brain codmxt. Additionally, MR
images would be black or blurred if there is no tissue on iushwve selected three regions
(three red squares) that cortex may show on as ROI and surmupimgxel intensity in it.
The lower the summation of intensity means there is littikeoexists on this MSP.

equation is represented as

DARK(F) =Y I(v), (2.7)

p

forv = (z,y,2) € ROIonF andI(v) is intensity of voxelv. For measurement of a good

MSP, the lower the value of DARIK) is what we expected.
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2.3.3 Parameter Estimation
Initial Condition

Referring to equation 2.1, we have known that MBI determined by two variables,
distance frommg to oy, t, and normal vectom. For variable t, we simply consider that
an ideal MSP is always cross mass cemigy. Therefore, the initial value of t was set to
be zero. Two different conjectures were then used to deterihie initial normal vecton

of each subject. The values of objective function
Objin = WCC(F)+a x DARK(F). (2.8)

based on the these two conjectures werercalculated. The bioh Wwad smaller value

objective function was selected as the initial normal veofdhis subject.

The first conjecture of normal vector.is setas x-axis in coate C,, which is

n; = xXo. (2.9)

Second, we referred Tuzikov, Colliot, and Bloch [39, 40]’s heet. Imaging the human
brain as an ellipsoid, by Goldstein’s theory[10], the piite inertia axes of the ellipsoid
is defined by the eigenvectors of the corresponding covegiamatrix. The corresponding

covariance matrix C is about the mass cemtey.

Mo (F) = [ | [ 9.2 (@ =2y =97 x (= = ) dadydz. (2.20)

Maooo MM110 ™MM101
¢ = mi110 M™Mo20 ™Mo11 : (2-11)

Mio1r Mo11  MMoo2
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There are three eigenvectors of covariance matrix C. These #igenvectorsi, us, us,
indicate three principle axes of ellipsoid. The one whiclswhsest to axiso was the

second conjecture of plane normal veatgmhich is

n, =arg min {ang(u,x0)}, (2.12)

uc{uy,uz,us}

1

Figure 2.5:Principal inertia axes. Imaging the human brain as an ellipsoid, we could use
Goldstein’s theory to find out the axes of the ellipsoid ofrirae[10]. Then, we chose one
of the axis which closed tag as the initial value of plane normal vectar

Two measurements of normal vector were calculated for ealojests, the one which
lead to smaller value of objection value with- 0 was selected as the initial normal vector

n of the subject.
n=arg min }{Obj()’n}. (2.13)

ne{ni,na

Optimization Method

After deciding the initial values of parameters, optimiaatprocess was applied for
parameter estimation. Since we have already got a feanibild value of the normal vector

about the MSP, there is no doubt that even a optimization adetrhich may fall into local
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minimum could fulfill our requirement. It seems that the dbvlinsimplex optimization
method usually works well. For this reason, we chose the @idixsimplex optimization

as optimization method for parameter estimation.

As described above, two criteria, weighted cross-coiafiVCC) and darkness of
MSP (DARK), were considered to measure MSP. The higher thghieil cross-correlation
value (WCC) and the lower the summation of intensity (DARK) is twh@ expected. Thus,
given a mid-sagittal plang, the optimization routine is tempted to minimize the ohjext
function,

Objin = WCC(F) + a x DARK (F).

According to our experience, good results .could be obtaineite thea value was set as

-0.00219.



Chapter 3

Template Construction
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3.1 Introduction

A brain template is a reference volume that stands as a sthodardinate. To construct
a brain template, we may think intuitively to average all oéume data in our database.
However, due to diversities of scanning poses and brairs s&eegistration procedure is

needed before the overall averaging. Therefore, the borstcuction steps is as follows.

1. Brain Registration
2. Averaging

3. Smoothing

3.2 Brain Registration

For medical brain image data, registration is to align défe brain volumes together.
Sometimes, it is also called "spatial normalization”. Irddidn, we could consider that
registration is an essential process of comparing diftdoesin volumes. In neuroscience
researches, there are various applications of registratoch as analysis of functional
images, detection of the difference between normal andraialoolume data, changes of
disease state over time, so on and so forth. For medical imegg&tration method, many
criteria (list in table 3.1) govern the final form of regigioam process[26, 44, 5]. The case in
our work results in inter-subject, MR to MR, 3D to 3D. Otheteria left to be the choices

of our consideration.

Within the steps of template construction, it is necessagréserve the uniqueness of
each brain subject. Therefore, we develop a linear tram&fbon method for registering
all the brain volumes together instead of a nonlinear pwedsch usually distort volume

by bending the brain tissue.
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Registration Criteria Example

Subject inter-subject[13], intra-subject
Modality of source and target CT to CT, MR to MR[21], PET to PET,
CT to MR, CT to PET, etc.

Dimensionality 2D to 2D, 2D to 3D, 3D to 3D
Transformation model rigid, affine, piecewise affine, nmedr[4]
Basis of registration landmark-based, segmentation-pE8e83],

surfaced-based[35], voxel-based, etc.
Similarity measurement mutual information[42] , crossretation[19] , etc.

Optimization method Newton method, Simplex method, etc.

Table 3.1:Registration Criteria.

In this section, we bring up Qur-idea of brain registratiort. fisst, we need to select
several mapping features, such as mapping point, mappgiegalid mapping plane. Un-
doubtedly, the mapping plane would be MSP. By referring tolédairach coordinate, we
select anterior commissure (AC) as the mapping point, asagdle line passing through
AC and posterior commissure (PC), said AC-PC line, as the mggdpie. After aligning

all these features together, we scale the brain volumes étesrdined size.

To build up a general standard, we first select a represeatatain as the reference
volume. That is, all subjects will refer the features on espntative brain. The second
step is to transform representative brain’s AC and PC ordwvitiual brain by applying
the transformation matrix which follows Umeyama theory][4Every individual brain
will map transformed AC and transformed AC-PC line togethEnen all brain subjects
will scale to the same size as representative brain. Thé praeessing steps of brain

registration is like this :
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After estimation of MSP

transform ACr, PCr

j onto individual brain

>

[E ACr, PCr

correct ACR-PCRr

line horizontal

scaling

Figure 3.1:Registration. On the basis of representative brain, we transform reptathen
brain’s AC and PC onto every individual brain, and denotetthaesformed AC, PC as
ACR%, PCy (the yellow points). Consequently, we translat€; on a determined position
and correctACr — PCp line (the green line) horizontal in order to map all the suatge
together. After scaling each individual brain to the sanze sis the representative brain,
we create a brain template by averaging all brain subjects.

1. Determination of representative brain
2. Transformation oAC'rz and PC'r from representative brain to every individual brain
3. Mapping ofACr andACr — PCp, line on every individual brain

4. Scaling of every individual brain according to the repreative brain
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3.2.1 Determination of Representative Brain

In Talairach coordinate, AC and PC are critical landmarksafrdinate definition.
In other words, these two landmarks also play important obkeolume registration. As
described before, we select AC as the mapping point and Adre@&s$ the mapping line.
However, these two structures are too close that only 25 mmedas them. Once a slight
displacement occurred, a significant angular error of ACiR€Wwould be arose. It is not

our expectation to rise up such an unstable situation.

In order to diminish the instability of displacement andjsehvity of landmark selec-
tion, a representative brain would be chose as a refererluenep as well as its features
and sizes will be the reference of other brains. It is our ptatransform representative
brain’'s AC and PC onto all the other volumes, and denoted@g, PC'r. The goal is to
take ACk as the mapping point andCz — PCg line as the mapping line.

As mentioned above, the‘role that a representative brays daserved as a reference
volume, such as its brain size and features. There are seheiaes to select a represen-
tative brain. One is the Talairach brain, and the other isttkan brain volume which is
constructed by averaging every subject warped to the &alaibrain. However, both the
warping variation is too large for each brain subject. It mige caused by different races.
Thus, we abandon to use Talairach brain as a standard reéebeain volume and plan to

choose a volume which has the minimum sum of magnitude with sabject.

A representative brain should hold healthy tissues whicimaoappear any decayed
parts. For this reason, we decided to select the represenbatin in the prime of life,

which ranges from age 18 to 35.

Given a group of age between 18 to 35, each brain among thigogras chose as
template once. As one subject was selected as the templlatiee ®@ther brains in this

group were normalized to this template. Magnitude of de&drom field from normalized
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brain to original brain were calculated for all the otherjsabs. Then, we summed up these
magnitude values. For each brain as template, it has a summagditude value of other
subjects. The brain which hold the smallest value of summagdmnitude was selected as

the representative brain.

For every subject i,

Di = Zdef(si, Sj), Z 7é j, (31)

wheredef(s;, s;) is the deformation field between subject i and subject j. Tiigest
which has minimum sum of magnitude with all the other subjects is chose as the repre-

sentative brain.

3.2.2 Determination of the Mapping.-Point and Mapping Line

Since Evans et al. [6] have found out that by determiningreéle@ndmarks, AC-PC line
could be well estimated. Based on Evans'etal.’s conclusiemy ¢GU), inferior margin of
thalamus (TH), splenium (SP), superior cerebellar mai@B)(@nd occipital pole (OP) are

good enough to estimate AC-PC line. Figure 3.2 shows positibthese five landmarks.

In order to diminish the distortion caused by transformatmd to preserve location
of AC-PC line, these five landmarks are took as the criticalgpatwhen calculating the
transformation matrix. Additionally, Arun, Huang, and Bieis [3] have given an solution
on least-squares fitting of two 3D point sets. Unfortunatékailed in some cases. Subse-
guently, Umeyama [41] proposed a more strictly theorem @ptoblem. As the result of
our tests, Umeyama’s theorem indeed give reasonable dramsfion matrix between two
3D point sets. Therefore, given two sets of five landmarksasformation matrix which
could map these two sets of landmarks approximately tog&tobtained by Umeyama’s
theorem. Consequently, we transform representative Br&@ and PC onto individual

brain by this transformation matrix and denote the tramsém AC, PC asACr, PCx. In
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Loteral veniricle
{onterior hom)

Corpus collosum
(genw)

Choroid plaxus
{in interventriculor foromen)

Subcallosal gyrus

Anferior commissure

Gyrus rectus

Cerebrol oqueduct

Basilor artery

Figure 3.2: Landmarks. Therﬁve iandmarks which can approximately fit a line close
to AC-PC line are genu (GU) mfgr r margm of thalamus (TBplenium (SP), superior
cerebellar margin (CB) aqd occnplté pbte (dP) [6].

l‘
"4

the end of this stepAClr, is the

apping nt and the line passing througgtiy; and PCr
is the mapping line, called thACR PC’R Ilne

=5
In this paragraph, we state the procedure of landmarksts®ied-or the reason that
landmarks are brain tissues, they are always occupied mpboe voxel in volume data.
Therefore, we define labelled positions of every landmaokdte experts to obey while
marking landmarks on all volume subjects. Neverthelesmyutd be happened that expert
may labelled different positions according to the pitchlargf brain as figure 3.4 shows.
In order to label the similar location of each landmarkstreddy on every subjects, we
decided to correct AC-PC line horizontally first. That is tg,séne working routine of

landmark selection is as follows :

1. Labels of AC and PC
2. Set AC-PC line horizontal

3. Labels of GU, TH, SP, CB and OP
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Representative subject Individual subject

O = Uy Umeyama (1991)
» m/ﬁ%}i um "o Transformation

}Q%)\(ﬁ %%35?%“} 4

Transformation
Matrix

|

Figure 3.3: Transformation from representative.brain to individual br ain. Once we
obtained the transformation matrix by Umeyama transfornwof sets of landmarks, we
transform the AC, PC points from representative brain to tioévzidual brain and denoted
asACg, PCk.

Moreover, we list the defined labelled position of landmarksble 3.2.

Further on, we should notice that the definition of occigitale in medical is the most
posterior promontory on both cerebral hemisphere. Howeviendmark on MSP is what
on demand. Thus, a landmark on MSP which could in behalf oipdet pole should be
defined. Intuitively, the intersection point of MSP and theelcross both occipital pole
is set as the landmark which represent as occipital pole.urAssthe corrected MSP is
x = d in volume coordinate. The labelled position of occipitaleare Pa(x 4, y4, 24) and

Pg(xp,ys, z5). The line passing througR, and Py is

xz T A rBp —TA
y |l =1wya | Tt yp—ya |, for —oo<t<oo. (3.2)

z ZA ZB — RA
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Tissue Name Labelled Position

Anterior commissure (AC) Superior and posterior margin

Posterior commissure (PC) Inferior margin

Genu (GU) Inferior margin

Thalamus (TH) Inferior margin

Splenium (SP) Inferior margin

Cerebellar (CB) Superior margin

Occipital pole (OP) Extreme promontory on both hemisphere

Table 3.2:Theillandmark labelled position.

Therefore, the intersection poiRt (2o, ya:2¢) 1S

Tc T A TE=T 4
d— T A

yoe | = | ya Ll yp=wa | for t=——"-—. (3.3)
B —TA

zZC ZA ZB — ZA

Pc is the landmark which stands for occipital pole on MSP.

3.2.3 Scaling

Due to different volume images and different sizes of theviddal brains, there still
left one thing to be processed before the overall averagkay. every subject, we have
done the rotation and translation. Therefore, the remgitiimg of transformation left
only the scaling. Thus, after mapping dl”; points together and corrediCr — PCk line
horizontal, we piecewise scale each individual subjedi¢éstime size as the representative

brain subject’s.

Our model is defined similar to the Talairach coordinad€ is set as originACr —
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PCpg line, VACR line and the line perpendicular to the above two lines areasdhree
axes. Based on the originlC’, five directions stretch out along three axes are served as
measurements of scaling. We labeled edges of cortex onéhesad directions. Figure 3.5
illustrates these five labeled positions. For each subjeasextend the voxel size to the
same size as representative brain’s according to its direct~or example, assume the
length of line segment froC; extend to cortex border alongC'r — PC line isl, cm

on representative brain and the length of same line segnmemdavidual brain isl, cm.

The scaling measurement of this direction on individualrb'raﬁ—;. As the result, every

subject would be the same size as the representative brain.

3.3 Averaging and Smgothing

After scaling, all brain subjects would“have same sizes. rdfbee, at the last step,
all subjects were averaged and the resulting averaged eoluas considered as the brain

template.

Besides, for the benefit of increasing signal-to-noise (SN, smoothing is also
performed. Moreover, by central limit theorem, smoothiogld modulate errors of nor-
malization in a normal distribution to ensure the subsetjudarence test more accurate.

Here, we applied an isotropic Gaussian kernel with FWHM = 8mm.
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(b)

Figure 3.4:Determination of genu, splenium and occipital pole.(a) In this figure, we
use genu and splenium to explain the pitch angle could dffedbelled position of land-
marks. The defined labelled position of genu and spleniumfexior margin. Taking a
view of the left brain, the original volume, the red voxele #ne labelled position of these
two landmarks. On the other hand, we rise up the brain for stegeee, and the labelled
position are as yellow voxels shows. Here we affirm the inktalof landmarking if we
don’t assign some specified positions of landmark pattdsh.Tkhe landmark position of
occipital pole on MSP is illustrated in this figure. The mosstgrior promontory on both
cerebral hemisphere is the definition of occipital pole irdioal. Here we marked the oc-
cipital pole (the blue ones). In order to attain a landmarbi8P as well as this landmark
could in behalf of occipital pole. The crosspoint of MSP dmelline which goes across the
occipital pole is set as the landmark of occipital pole (te#owv one).
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(c)

Figure 3.5:Bounding box. (a) For that AC is a critical feature in brain volume coord&a
five directions extended from AC have been chosen to be tiee ofilscaling. In figure
(a)(b)(c), we point out these five line segments, which aretd@, AC to b, AC to c,

AC to d and AC toe. (b) We spotted pointa, b andc on sagittal view just as figure (b)
shows. Along AC-PC line, the intersection points (the yelgpots) of AC-PC line and the
borderline on cortex are denotedasandc. On the other hand, along the vertical line which
perpendicular to AC-PC line, the border point (the yellowtspd cortex is denoted as

(c) This figure shows two more intersection points (the yekpots) on axial view. These
two crossing points, denoted dsande, are the cortex border points along the horizontal
line which also perpendicular to the AC-PC line.
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4.1 Materials

All volume data are collected by Taipei Veterans Generalditas The magnetic res-
onance images are obtained from the same GE 1.5-Telsa MRiexc&txcite/Excite HD
platform, which set up with TR=8.672 ms, TE=1.86 ms, FOV =x26x10 cm?, matrix
Size=256<256x 124, voxel size=1.021.02x 1.5mm?3 and phase FOV=0.7. The effects of
head motion were minimized by using a head-neck pad and teerfodulation manually

done by the professional.

There are totally 58 subjects (age24,1207 + 4.5848) in our brain MRI database,
including 28 males (age25.4286 +,4.2376) and. 30 females (age22.9 + 4.6264). The
range of age is between 18 to 35. Table 4.1 shows the distibof each age group.
Additionally, there was no subjects with tumor and infaonti Any abnormal brain subjects
were excluded from this study. All'ef.the'volume data prodidby Taipei Veterans General
Hospital were originally saved in Dicom format. Before deglwith our procedures, MRIs
were transferred into Analyze format. The mean intensithese 58 subjects i92.7042+

22.8773 originally. In addition, range of intensity is 0-3863.

Age

18-20 21-30 31-35

Male 3 21 4
Female 12 15 3

Table 4.1:Number of subjects in each age group.
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(b)

Figure 4.1: MR volume. The image volume has dimension 26866x 124, voxel size
1.02x1.02x1.5mm? and was saved in 16-bit integer , little-endian. (a) Vievesrfrthree
directions. (b) The axial views.
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4.2 Estimation of Mid-sagittal Plane

The MSP auto-estimation algorithm was primarily impleneehin Matlab 7.0, accom-
panied with C++ in order to accelerate speed. This processamasn Windows XP plat-
form with AMD Athlon (TM) XP 2800+ (2.08 GHz CPU and 1GB RAM), wteas the

average computation time was 202.8173 seconds for 58 naubgcts.

4.2.1 Validation by Experts

It is difficult to verify if a MSP is perfect; for MSP has no exyadefinition. Therefore,
we ask the expert to identify if the.MSP is,good enough on na&dliagnosis. Table 4.2
lists the fine-tuning done by the expert. The mean absolute @ fine-tuning angle of
yaw and roll angle are 0.0126 degree 'and 0.0216 degree. Iticagidhe mean value of

fine-tuning translation is 0.6897 mm.

Fine-tuning Results

Yaw angle  Rollangle Translation

Result (deg.) (deg.) (mm)
Mean 0.0126 0.0216 0.6897
Var. 0.00020898 0.00025194 0.4985
Std. 0.0145 0.0159 0.7060

Table 4.2:Fine-tuning of the auto-estimated MSP by the expert.

Because MSP has no exact definition in clinical, there areyavsaveral choices for
MSP determination. Here we show up neighbor x-directiongdan order to explain why

mean value of translation for MSP auto-estimation is 0.68@7. Figures (a),(b),(c) are
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x=127,x=128, x=129, respectively and the auto-estimat&PNs plane (b). We could ob-
serve that in plane (a) and (c), the cortex region is alsadéduand dim as plane (b). Itis
caused by the wide space between left and right hemisphbtes,  we only consider the
darkness of MSP, determination of MSP is various. In our M8#@®-astimated method,
there are two criteria, WCC and DARK, to be considered. Programldvselect a plane
which is the one best fitting the criteria objectively. Simeehave considered the darkness
of MSP, if there is a wide space between left and right hengisghdetermination of MSP
would be affected. At this moment, the critical factor toetaetine a MSP is depend on
other features, for example, AC, the tunnel between the tieindricle and the forth ventri-
cle, etc. Itis depend on personal subjectivity. Thus, fungrtg on translation seems not so

stable for mean value is 0.6897-mm'and. the standard deviatidii060.

Here we propose a case to explain.the judgment of MSP estim&tbm the expert
and MSP auto-estimation:method. -Figure 4.3 shows threenmimages, top (a) is the
original data obtained from-hospital,-middle (b) is the vouwhich processed after MSP
auto-estimation method, bottom: (¢)-is the volume correftech (b) by the expert. To
make a comprehensive survey on (b) and (c), it seems that M8Bcted by the expert
(sagittal view of figure 4.3(c)) is brighter than the auttiraated MSP (sagittal view of
figure 4.3(b)). However, if we examine in a more detailed yidve brighter region of
the expert-corrected MSP is occipital lobe, which mears lhighter region is caused by
Yakovlevian torque. In addition, the tunnel connected thiedtventricle and the forth
ventricle is also a criterion to identify a MSP. In figure 4B&nd (c), we could realized
that this tunnel clearly reveals in expert-corrected MSFbtiin auto-estimated MSP. For
that Yakovlevian torque is a normal phenomenon in humamlanad the tunnel also appear

in (c), the expert therefore select sagittal view in (c) asfiMS
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(a) x=127
(b) x=128
(c) x=129

Figure 4.2:Translation measured by MSP auto-estimation.Because MSP has no exact
definition in clinical, there are always several choicesM®P determination. Here we

show up neighbor x-direction planes in order to explain whgamvalue of translation for

MSP auto-estimation is 0.6897 mm. Figures (a),(b),(c) a®2X,x=128, x=129, respec-
tively and the auto-estimated MSP is plane (b). We could miesthat in plane (a) and

(c), the cortex region is also blurred and dim as plane (bl ¢aused by the wide space
between left and right hemisphere. At this moment, thecaiiiactor to determine a MSP
is depend on other features, for example, AC, the tunnel leetwhee third ventricle and the

forth ventricle, etc. It is depend on personal subjectivifitus, fine-tuning on translation
seems not so stable for mean value is 0.6897 mm and the stisshelaation is 0.7060.
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(a)
Original volume

from hospital

(b)
After MSP

auto-estimation

(c)
After manual-
correction by

expert

Figure 4.3:Auto-estimation MSP and expert-corrected MSP,(a) Original volume data
obtained from hospital. (b) Volume data after auto-estiomiethod. (c) Volume data
after correction from (b) by the expert. Although auto+estied MSP (sagittal view in (b))
seems darker than expert-corrected MSP (sagittal view))n tfee expert-corrected MSP
clearly reveals tunnel between the third ventricle and dhnéhfventricle. Because the bright
region is caused by Yakovlevian torque and the tunnel is alsaterion to identify MSP,
the expert therefore determined MSP in (c) is better than MSB).
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4.3 Construction of Brain Template

The whole template construction procedure was implemegntieaarily in Matlab 7.0
and secondarily in C++ on account of computation time. Thepdation platforms were

Windows XP and Linux system.

We constructed three templates (Female, Male and both gehge&ollowing our
method described before, and then smoothing with 8mm igmt®aussian kernel. Other-
wise, templates of gray matter (GM), white matter (WM) ancebeal spinal fluid (CSF)

were also created. All these templates are showed in figidre 4.

4.3.1 Brain Templates

58 normal adult subjects were taken to construct Taiwanese template by our pro-
posed method. Age range is from 18 to 35 years ?d1Q07 + 4.5848). And the selected
representative brain is a 23-year-old male brain. Afterayeg, we smoothed the result-
ing averaged volume by a 8mm isotropic Gaussian kernel ierai obtain a smoothed

brain template.

Gender Templates

We also constructed brain templates for both gender grolpere are 28 males (age :
25.4286+4.2376) and 30 females (age22.9 +4.6264) in our database. The representative
brain for male group is a 26-year-old female brain. Addiéilly) the representative brain
for male group is the same brain as for both gender group, yea8old male brain. A

8mm isotropic Gaussian kernel applied on these two gendel&tes as well.
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Figure 4.4: Taiwanese Template.58 normal adult subjects were taken to construct Tai-
wanese brain template by our proposed method. Age rangers I8 to 35 years old
(24.1207 + 4.5848).
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WM CSF

Figure 4.5: Taiwanese Male Template. 28 normal male adult subjects were taken to
construct Taiwanese brain template by our proposed methgd.range is from 18 to 35
years old £5.4286 + 4.2376).



4.3 Construction of Brain Template 55

WM CSF

Figure 4.6:Taiwanese Female Template30 normal female adult subjects were taken to
construct Taiwanese brain template by our proposed methgd.range is from 18 to 35
years old £2.9 + 4.6264).
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4.3.2 Tissue Probability Maps

Brain tissue could be classified into three different typesy gnatter (GM), white mat-
ter (WM) and cerebral spinal fluid (CSF). Segmentation andnelmeasurements of these
three tissue types on MRI is an important issue on clinicalraadical researches. There-
fore, we have also constructed GM, WM and CSF tissue probatalinplates of Taiwanese

by the following steps.

1. Segmentation

(@) Normalize each individuakbrain into IEBM152 space.

(b) Segment each individual brain into three-tissue clagsds, WM, CSF) ac-

cording to ICBM apriori tissue probability maps.

(c) Normalize three segmented brains of each individuahldsack to its original

space.

2. Normalize each individual brain to Taiwanese templatk @tain a transformation

matrix.

3. Normalize every individual segmented brain by its trans@tion matrix in step 2.

4. Average all these transformed segmented brain volumé®aame tissue class and

finally form templates of three tissue classes.

Segmentation and normalization were done by statistiqalrpatric mapping (SPM, Well-
come Department of Imaging Neuroscience, UK, http://wwyofi.ucl.ac.uk/spm/)[8], which
is a MATLAB (The Math Works, Inc., Natick, MA, USA) softwareapkage.
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Female/Male Male Female

Figure 4.7: Taiwanese Templates.The first row are intensity average brain atlas which
constructed by our method described in previous chaptérs.other rows are gray matter
(GM), white matter (WM) and cerebral spinal fluid (CSF) temesator both gender, male
and female in order. These tissue probability maps weretearted by normalizing each
segmented brain to template space and averaging theséotraad segmented brain of
same tissue class.
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4.3.3 Brain Mask

A template brain mask could separate brain cortex from heRésNh order to ignore
skull and background intensities. Segmentation, norra@din or some other analysis pro-
gresses may apply a brain mask to remove non-cortical stegt There are many ways

for brain mask construction. We have tried the following noels.

1. Manually ROI selection

2. A software package : Brain Extraction Tool (BET [34])

3. Build by piling up GM, WM and CSF-templates

Method 1 is so laborious and net a precise way-to extractxolenethod 2, BET is a
software library maintained by FMRIB Image'Analysis Grouggh/www.fmrib.ox.ac.uk
/analysis/research/bet/) [34]. A free software which usedisplay brain volume, MRIcro
(http://web.arizona.edu/ cnl/mricro.htm), has contdities library in its application. There
is a parameter needed to regulate for BET doing the skullisgrip MRIcro. However, we
could only tune up an acceptable value for this parameteclwhsually also leave some
residual skull, just like figure 4.8 shows. Therefore, mdlguROI selection was done in

order to clean up skull.

Another brain mask construction method is based on GM, WM anl @&in tem-
plates. Voxel value in GM, WM and CSF template means the prtityabf tissue type.
By piling up these three tissue probability maps, a pure gorddume was obtained. The
voxel value in this pure cortex volume means the probaliitge one of these three tissue
types. We decide a threshold and cut off values lower thasktwld. Figure 4.9 show the

brain masks with different thresholds.
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Taiwanese Template

Manually ROI

selection

Remove ROI

convert to

binary mask

Smoothing

g

Brain Mask

Figure 4.8:Brain Mask build by BET and manually ROI selection. We first use BET
to extract cortex by regulating a parameter. However, wédconly tune up an acceptable
value for this parameter which usually also leave some wasgkull. Therefore, manually

ROI selection was done in order to clean up skull.
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threshold = 0 threshold = 0. 30

threshold = 0. 45 threshold = 0. 65

Figure 4.9:Taiwanese template brain masksBrain mask construction method described
here is based on GM, WM and CSF brain templates. Voxel value in @M and CSF
template means the probability of tissue type. By piling ugsththree tissue probability
maps, a pure cortex volume was obtained. The voxel valueisnpilire cortex volume
means the probability to be one of these three tissue typesdaéside a threshold and cut
off the lower values. In this figure show the brain masks witfecent thresholds.
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4.4 Experiments on Taiwanese Template

4.4.1 Ratio of Gray Matter to White Matter

Ratio of gray matter to white matter, said "gray-white ratig’also an important issue
for measurement of brain volume. Gray-white ratio was Saioet stable over the age and

seemed no difference on sex[9]. We calculated gray-white by the following steps.

1. Segmentation

(a) Normalize each individual brain into Taiwanese braméate space.

(b) Segment each individualbrain into three tissue clagsds, WM, CSF) ac-

cording to Taiwanese tissue probability maps.

(c) Normalize three segmentedrbrains of each individuahldsack to its original

space.

2. Multiply voxel value (probability of tissue type) by vdxeolume. The resulting

value is volume of tissue type.

3. Calculate ratio of gray matter volume to white matter vadum

Table 4.3 lists calculated values. Volume of gray matterS®rsubjects i$).5895 +
0.0639 liter, for female is0.5715 4+ 0.0631 liter and for male i80.6089 + 0.0600 liter,
respectively. Volume of white matter for 58 subject$i3958 + 0.0434 liter, for female
is 0.3737 + 0.0339 liter and for male i9.4194 + 0.0402 liter, respectively. Gray-white
matter ratio for 58 subjects 54937 + 0.1058, for female is1.5297 + 0.0986 and for
male is1.4552 4+ 0.1011, respectively. The measured gray-white matter ratiosessmted
stable values on each individual brain, which means there we significant variability of

gray-white matter ratio on normal brains, just as Gea eBaktated.
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All subjects Female subjects Male subjects

Measurement Mean Std. Mean Std. Mean Std.

Gray Matter Volume (I.) 0.5895 0.0639 0.5715 0.0631 0.6089D600
White Matter Volume (I.) 0.3958 0.0434 0.3737 0.0339 0.41940402
Gray-White Ratio 1.4937 0.1058 1.5297 0.0986 1.4552 0.1011

Table 4.3: Tissue volumes of Taiwanese Template by being segmented amting to
Taiwanese apriori tissue probability maps.

Compared to other researches, Kim et al. [18] measured ghitg-\natter ratio on
Korean template was 1.36 and on ICBM 452 template was 1.30 EZ0]Allen et al. [1]'s
study, the gray-white matter ratio of women is 1.35compavigd 1.26 of men. And for
Gea et al. [9], they claimed value of gray-white matter r&diowomen is 1.4 and for men
is 1.5. Therefore, measured values of gray-white mattey cat Taiwanese template were

distributed in a reasonable range.

There have been two factors claimed to affect value of grageamatter ratio, which

are image brightness and segmentation method.

1. Brightness
Harris et al. [12] said that the brighter images seemed teelgtnentation more over-
estimate the gray matter. On the other hand, the dimmer isnsgEmed to let seg-

mentation more underestimate the gray matter.

2. Segmentation Method
Schaper et al. [32] compared seven different automatetktssgmentation packages
to observe outcome of gray-white matter ratio. Among thesthods, five packages
(FAST, SEGM, FANTASM, PVS, PVE) obtained ratio values dizited between
1.1to 1.5 and the other two packages (INSECT, SPM) produggethvalues, 1.5 to
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2.0, on gray-white matter ratio for the same brain MRI volumEs our significant
concern, SPM was indicted notably tends to overestimatgrénewhite matter ratio.
They suggested that it might caused by SPM put reliance omltpement to the

template contour.

In a conclusion, by observing the measured gray matter arig wiatter tissue volumes,

two factors described above may biased to overestimatevgnéyg matter ratio.

4.4.2 Deformation Field from Individual Brains to Taiwanese Tem-

plate

We calculate sum of deformed magnitudes for every indiiduain normalize to Tai-
wanese template and sort by the‘mean value for both gendepgi(@gure 4.10). The
mean value of male groups 3.2266 mm and the standard davieti0.2376 mm. The
mean value of female group is 3.39 mm and the standard daviei0.3242 mm. It re-
veals that male group is more close to the Taiwanese temp@lateasonable suggestion is

that the representative brain of Male group is the same astbfdender groups.

4.4.3 Distribution of Regional Deformation Variation

By observing distribution of regional deformation variatiave could know the vari-
able regions of individual brain. Method to reveal disttibo of regional deformation
variation is as follows, deformation field from every indluial brain to Taiwanese tem-
plate was recorded. Then we averaged magnitude of defamfigld on the same voxel
of each brain. Finally, a brain volume that its voxel valueresents mean or standard devi-
ation value of magnitude on the same voxel was formed. The wamiable region would

represent the higher value.
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Deformation Field from Taiwanese Subjects to TT
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Figure 4.10:Deformation field from individual brains to Taiwanese template. We cal-
culate sum of deformed magnitudes foreveryindividualbramrmalize to Taiwanese tem-
plate and sort by the mean value forboth.gender-groups. Tha reue of male group is
3.2266 mm and the standard deviation is 0.2376 mm. The mdae whfemale group is
3.39 mm and the standard deviation is 0.3242 mm.

As figure 5.8 shows, the most significant variable region relellum. The second
significant variable region is appeared on part of parieta¢él The more inside the brain

cortex represents a stable similarity of every individuaiit.
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Figure 4.11:Distribution of regional variation from Taiwanese subjects to Taiwanese
template. In order to realize the variable regions of individual bradleformation field
from every individual brain to Taiwanese template was rdedr We averaged magnitude
of deformation field on the same voxel of each brain. Thenambrolume that its voxel
value represents mean or standard deviation value of mafgniin the same voxel was

formed. The more variable region would represent the higalere.
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5.1 Comparison of Different Ethnic Groups

In this section, we list several comparison between branptates. Among these brain
templates, Talairach brain, MNI305, ICBM152 and ICBM452 wergdoup from Western
people. On the other hand, Korean100 and Taiwanese58 wiéeipdrom Eastern people.
For a global view of these comparison, ethnic differenceaivolume indeed exists. And
the results reveal that Taiwanese template is shorter aderthan the Western template.
Accompanied with results of Zilles et al. [43] and Kim et dl8], we may conjecture that

brain volumes of the Eastern people are shorter and widarttleaWestern people’s.

5.1.1 Ratio of Maximum Length to Maximum Width of Brain Tem-

plates

Ratio of maximum length to maximum width réveals the globalrelsteristic of brain
shape. For the definition of the maximum width as well as theimam length, these
two measurements were defined on the slice that reveals AGRB@3$ the middle line.
Additionally, the maximum length is the distance from thestremterior cortex to the most
posterior cortex and the maximum width is the distance frloen&ftest cortex to the right-

est cortex.

Figure 5.1 and table 5.1 list maximum length to maximum widttio of every brain
template. Talairach brain has the maximum value of rati81944. Ratio of MNI305,
ICBM152, ICBM452, Korean100 and Taiwanese58 are 1.2638, 1,263894, 1.1511 and
1.0811, respectively. It is clear to see that both templatdsastern people (Korean100,
Taiwanese58) are shorter in anterior-to-posterior leragtth wider in left-to-right width
than of Western people (Talairach brain, MNI305, ICBM152, ICEE2% In another way,
for the Eastern part, length of Korean template is almoss#me as Taiwanese template,

but width of Korean template is a little shorter than the Taiese template.
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Taiwanese
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17.1 cm 18.2 cm 16.32 cm
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ICBM 152 ICBM 452 Korean 100

Figure 5.1: Ratio of maximum length and maximum width of brain templates. A
measurement of global brain shape characteristic is tmatti the maximum length and
maximum width of brain volumes. Here we defined the maximungtle as the distance
from the most anterior cortex to the most posterior cortexhenslice that reveals AC-PC
line as the middle line. Besides, the maximum width was defasethe distance from the
leftest cortex to the rightest cortex on the slice that resv8&-PC line as the middle line.
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Templates

Talairach MNI 305 ICBM 152 ICBM 452 Korean 100 Taiwanese 58

Length(cm) 17.1 18.2 18.2 17.4 16 16.32
Width(cm) 13 14.4 14.4 13.6 13.9 15.096
Length 1.31544  1.2638 1.2638 1.2794 1.1511 1.0811

Width

Table 5.1:Ratio of maximum width to maximum length of brain templates.

Ratio of Gray Matter to White Matter

Gea et al. [9] claimed that gray-white matter. ratio only r@teslightly within the age
of 20-86 years old. Besides, there was no-significant effectsex. Referring to other
researches, Kim et al. [18] measured gray=white-matter catiKorean template and ICBM
452 were 1.36 and 1.30, respectively.[20]. For Allen et dls[dtudy, the gray-white matter
ratio of women is 1.35 compared with 1.26 of men. And for Geal €f9], they claimed

value of gray-white matter ratio for women is 1.4 and for mef.b.

In our studies, we segmented every individual brain into @M\ and CSF in Tai-
wanese template space by SPM and finally calculated voluiritbege three tissue types.
The resulting gray-white matter ratio wasl937 4+ 0.1058, for female is1.5297 + 0.0986
and for male isl.4552 4 0.1011, respectively (table 4.3). These values were stable for all

subjects and distributed in a reasonable range.

Here we tempted to segment individual brains in ICBM152 spacéhe purpose to
see if it is more reasonable when doing segmentation in Tes@atemplate space then in
ICBM152 space. Table 5.2 lists calculated values. Volume @&y gnatter for 58 subjects is
0.7823 + 0.0802 liter, for female is0.7467 £ 0.0669 liter and for male i€).8205 4+ 0.0765
liter, respectively. Volume of white matter for 58 subje<).4016 + 0.0446 liter, for
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female is0.3766 + 0.0317 liter and for male i9.4283 + 0.0411 liter, respectively. Gray-
white ratio for 58 subjects i5.9521 + 0.0903, for female is1.9836 + 0.0828 and for male is
1.9184+0.0871, respectively. Although Gray-white matter ratio valuesevaso stable for
all subjects, the calculated gray matter volume seemedtge bind lead to a unreasonable

high gray-white matter ratio.

All subjects Female subjects Male subjects

Measurement Mean Std. Mean Std. Mean Std.

Gray Matter Volume (I.) 0.7823 0.0802 0.7467 0.0669 0.8209765
White Matter Volume (I.) 0.4016 0.0446 0.3766 0.0317 0.42830401
Gray-White Ratio 1.9521:,0.0903 1.9836 0.0828 1.9184 0.0871

Table 5.2: Tissue volumes:of Taiwanese.Template by being segmented aating to
ICBM apriori tissue probability maps.

5.1.2 Deformation Field between Templates

In order to find out the diversity of Western brain and Easteain, we observed the
difference between ICBM templates and Taiwanese templaguré&5.3, Figure 5.4 and
Figure 5.5 show the magnitude of deformation field when dteghormalization between
MNI305 (a template with skull) and Taiwanese template (vgitll), ICBM152 (a tem-
plate with skull) and Taiwanese template (with skull) and ICE (a template without
skull) and Taiwanese template (without skull), respetfivA deformation toolbox of sta-
tistical parametric mapping (SPM, Wellcome Departmentna@ding Neuroscience, UK,
http://www.fil.ion.ucl.ac.uk/spm/)[8], which is a MATLABThe Math Works, Inc., Natick,

MA, USA) software package, was used to estimate the defasméeld of normalization.

For calculating magnitude of deformation field, followirigt$ the steps that we had

processed :
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1. Calculating deformation field with normalization matrix 8PM deformation tool-

box.

2. Removing effects of pose and size by SPM deformation toolbo

3. Calculation magnitude from deformation field.

Because of step 2., the deformation field here representseffelst of brain shape. There

is no matter about the brain size and pose.

A parameter, named "defaults.normalise.estimate.reg$ adjusted to bring up a fine
normalization. This parameter is about the ratio of defdimmesmoothness and deforma-
tion freedom. Additionally, the default value in SPM is 1. elfarger the value means to
take more account on deformation smoothness and the resatirmalized volume would
be more similar to the original brain volume. Magnitude dicdmation field with different
values of "defaults.normalise.estimate.reg” are listethbles for different brain templates
(table numbers are 5.3,5.4,5.5, 5.6, '5:7and " 5.8).

MNI305 v.s. Taiwanese template

For normalization between MNI305 and Taiwanese templagzgtwas no proper value
of "defaults.normalise.estimate.reg” to form a reasoaaiold fine result. Especially, weird
warping results appeared while parameter "defaults.nlismastimate.reg” was set as 0.1
and 0.01. As figure 5.2 shows, top of cortex was warped extgnaiut of the skull. A
conjecture for the bad warping results was that the volunteraplate MNI305 was skull-

scraped on top and the first stage of SPM normalization iscbasé¢he skull.

We took a tolerable warping result for discussion and that thia result of setting "de-
faults.normalise.estimate.reg” as 10, as figure 5.3 shbarsa global view on it, either the

warping direction is from MNI305 to Taiwanese template @ tlrection from Taiwanese



5.1 Comparison of Different Ethnic Groups 73

template to MNI305, large values of magnitude are surrobadtrface of brain. The more
inside the brain, the warping magnitude is decayed. Foralddtview on it, as the warp-
ing direction is from MNI305 to Taiwanese template, defotiorafield on top and bottom

of the brain region seems larger than the reverse direction.

defaults.normalise. max mean std.

estimate.reg (mm) (mm)  (mm)
0.01 43.4283 8.4288 9.2601
0.1 20,0225 4.0247 4.0916

1 9.673 3.0369 2.9287
10 9.0284 3.1991 2.9598
100 8.5732 3.1047 2.8704

Table 5.3:Magnitude of deformation field from MNI305 to Taiwanese templée.

defaults.normalise. max mean std.
estimate.reg (mm) (mm) (mm)
0.01 89.0722 14.352 14.9527
0.1 51.6435 8.6088 9.5740
1 18.8916 3.7343 3.5235
10 7.9765 3.0042 2.5902
100 8.4032 3.0402 2.5931

Table 5.4:Magnitude of deformation field from Taiwanese template to MNI305.
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original MNI 305 template estimate.reg = 0.01 estimate.reg = 0.1

estimate.reg =1 estimate.reg = 10

Figure 5.2:Warping results from MNI305 to Taiwanese template with different para-
meters. (left) The original MNI305 brain template which is skullraped on top of cortex.
(right) Warping results as defaults.normalise.estimegewas set as 0.01, 0.1, 1 and 10,
respectively. Taking observation on the parameter whichsedas 0.01 and 1, it appeared
weird warping results. We can see that the top of cortex wesheed out of the skull.

ICBM152 v.s. Taiwanese template

Another case of Western template, ICBM152, was took as cosgraas well. Fig-
ure 5.4 shows the magnitude of deformation field of both times and the parameter
"defaults.normalise.estimate.reg” was set as 10. Unlike¢l305, the original ICBM152
template has a complete skull around the brain cortex. Torereeither the normalization
from ICBM152 to Taiwanese template or the normalization fromwanese template to

ICBM152, warping variation seems good and symmetrical in blotctions.
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Figure 5.3:Magnitude of deformation field between MNI305 and Taiwanese t@plate
with defaults.normalise.estimate.reg = 10.
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For a more detailed view, the deformation field only reveatgé values on the top,
bottom and lateral sides of brain surface, excluding froata occipital lobes. Because
we have known that Taiwanese template is shorter and wider l6BM152, it seems
reasonable if the frontal and occipital lobe have large ealimagnitude of deformation
field. On our guess, it may caused by the step of calculatifigriohation field which has
already contained removing effect of brain pose and sizesTthe resulting deformation
field leaves only effect of brain shape. As the result, if trecpdure of removing size fixed
anterior to posterior length on brain, the brain shape iiffee would significantly exhibit

on top, bottom and lateral sides.

ICBMA452 v.s. Taiwanese template

Furthermore, ICBM452, a Western template without skull, vead for comparison as
well. For a reciprocal normalization between ICBM452 and Eaiese template, a skull-
strip procedure was done on the Taiwanese template to fomwamese template without

skull. Then we took these two templates without skull formalization.

ICBM452 and Taiwanese template is the only pair that valuesez#mstandard devia-
tion on magnitude of deformation field represent nearly imaes which perform a pretty
result. However, taking a view of the deformation field, dimition of warping variation
looks not so similar with each other. Both of warping direei@ppears large values on
lateral sides and occipital lobes. But deformation field afnmalization from Taiwanese
template to ICBM452 additionally reveals large magnituderontil lobe where from the

inverse direction it reveals small magnitude.
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defaults.normalise. max mean std.

estimate.reg (mm) (mm)  (mm)
1 10.7592 2.5452 2.9520

10 9.8056 2.4435 2.8774

50 9.6851 2.4129 2.8473

Table 5.5:Magnitude of deformation field from ICBM152 to Taiwanese templ&e.

defaults.normalise. max mean std.
estimate.reg (mm)  (mm) (mm)

1 17.4574 4.3193 3.9642

10 11.0105 3.5958 3.1405

50 9.8419 3.52 3.0666

Table 5.6:Magnitude of deformation field from Taiwanese template to ICBM152.



Discussion

™ 11.01

From ICBM 152

to Taiwanese template

From Taiwanese template
to ICBM 152

Figure 5.4: Magnitude of deformation field between ICBM152 and Taiwanese t@-
plate with defaults.normalise.estimate.reg = 10.
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defaults.normalise. max mean std.

estimate.reg (mm) (mm) (mm)
1 9.3979 2.1711 2.5510
10 8.5301 2.1432 2.5116

Table 5.7:Magnitude of deformation field from ICBM452 to Taiwanese templ&e.

defaults.normalise. max mean std.

estimate.reg (mm)  (mm) (mm)
1 11.0465 2.3945 2.8093
10 9.5398 2.215 2.654

Table 5.8:Magnitude of deformation field from Taiwanese template to ICBM452.
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Figure 5.5: Magnitude of deformation field between ICBM452 and Taiwanese t@-
plate with defaults.normalise.estimate.reg = 1.
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5.1.3 Deformation Field from Individual Brains to Templates

A good template should make distortion of normalizationi@e las possible. Magni-
tude of deformation field is a kind of measurement to repregendistortion. Figure 5.6
shows the mean magnitude per voxel of each individual volwmée normalizing to tem-
plates, Taiwanese template, MNI305 and ICBM152, respewgtivielis a significant ev-
idence that a template constructed from Taiwanese coulth@dimthe distortion of Tai-

wanese volumes.

There were totally 58 -Taiwanese individual normal brair f@& female and 28 for
male, in our database. By normalizing every-individual btaia brain template, the de-
formation field was calculated by the normalization matri¥e averaged magnitude of
deformation field for each individual brain and followingethesult, magnitude per voxel

of an individual subject, was showed up in figure 5.6 for défe templates.

Figure 5.6 (a) is for Taiwanese template (TT). The mean ntadeiper voxel of every
subjects is 3.31112, of female brains is 3.39 and of malenbrisi 3.2266. Figure 5.6
(b) is for template MNI305. The mean magnitude per voxel @rgwsubjects is 5.12225,
of female brains is 5.3016 and of male brains is 4.9301. Eigué (c) is for template
ICBM152. The mean magnitude per voxel of every subjects is/8,1of female brains is
5.3777 and of male brains is 5.6673. There is no distincéifice between magnitude on
deformation field of male and female. By integrating the abdata, it is apparently that
Taiwanese template stand more close to Taiwanese indMida@ subjects, which means
the Taiwanese template could cause a more accurate clanefJsis on Taiwanese cases

by diminishing the distortion of normalization.
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Figure 5.6:Magnitude of deformation field from Taiwanese individual brain volumes

to different templates. For three brain templates (Taiwanese template, MNI305 and
ICBM152), totally 58 Taiwanese individual brains (Femalel®la 30/28) were normal-
ized to each of them. The resulting magnitude per voxel obmhedtion field for every
individual brain were recorded in this figure. Obviouslyfatenation field of Taiwanese
individual brains to Taiwanese template is smaller thaméodather two Western templates
(MNI305 and ICBM152), which means Taiwanese template couldrdsh the distortion

of normalization for Taiwanese brain subjects.



5.1 Comparison of Different Ethnic Groups 83

5.1.4 Distribution of Regional Deformation Variation

Distribution of regional variation represents degree ofalality on cortex of individual
brains. While the calculation of deformation field from eactividual brain to template
were done, magnitude of deformation field on the same voxeVvefy brain subject were
recorded. Then we calculate mean and standard deviatidve sétorded values for every
voxel. Finally, a brain volume which its voxel value repnetsemean or standard devia-
tion value of magnitude on the same voxel was formed. The waniable region would
represent the higher value. Here we took Taiwanese temp/ie305 and ICBM152 to

observe the regional variation.

Figure 5.7 shows the brain that represents mean magnitluks\vaf each voxel for nor-
malizing to Taiwanese template (top), MNI305 (left) and ICBB2(right). It is obviously
that, for all voxels, the mean magnitude of Taiwanese iddial brain subjects represent
small values on the overall brain. That is to say, compang/éstern templates (MNI305
and ICBM152), Taiwanese template costs smallest value of alaration distortion for

Taiwanese individual brains to be warped to it.

The distribution of regional variation as warping to Taivwaa template (figure 5.8), the
significant variation is occurred on cerebellum. The secsigdificant variable region is
appeared on part of parietal lobe. On the other hand, whepingato MNI305 (figure 5.9),
the most significant variable region is also the cerebellnththe second significant region
is occipital lobe. In addition, when warping to ICBM152 (figird.0), the most significant
variable region appear on parietal lobe and the cerebelkona conclusion of the above

observation, the most variable region for warping is thelbelum and parietal lobe.
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Figure 5.7: Distribution of regional variation from Taiwanese subjects to different
templates. We measured distribution of regional variation by avergdghre magnitude of
deformation field for every individual volumes on the sameelolt is clear to see that the
mean magnitude of every brain subjects are small for all igowben the individual brain
subject normalizes to Taiwanese template.
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Figure 5.8:Distribution of regional variation from Taiwanese subjects to Taiwanese

template.
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Figure 5.9:Distribution of regional variation from Taiwanese subjects to MNI305.
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Figure 5.10:Distribution of regional variation from Taiwanese subjects to ICBM152.
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5.2 Comparison of Different Gender Groups

In this section, difference between different gender gsowpuld be revealed. The
template construction procedure were also applied on the amal female population, 28
male and 30 female were jointed. For the observation regililivanese gender templates
accompanied with Korean gender templates, we may congetitat head volume of male

is larger than of female.

5.2.1 Ratio of Maximum Length and Maximum Width of Gender Tem-

plates

To compare the global characteristic of-brain shape witleidiht gender, we calculated
ratio of maximum width to maximum length. Two measurementaximum length and
maximum width, were both defined onthe slice thatreveals Adufe as the middle line.
The maximum length is the distance‘from the ‘most anteriolegado the most posterior

cortex and the maximum width is the distance from the leftesgiex to the rightest cortex.

In figure 5.11 and table 5.9, we list brain ratio of Taiwanesgafiemale templates and
Korean male/female templates. Data of Korean templateg@faged to Lee et al. [23].
For a gender difference view, both gender templates of Koeewl Taiwanese reveal that
male templates are longer and wider than female templateishvimplied head of male
is larger than head of female. For an ethnic difference vieth of Taiwanese gender

templates are a little shorter and wider than Korean gemteplates.

5.2.2 Ratio of Gray Matter to White Matter

Table 5.10 lists gray-white matter ratio for gender groupa: Allen et al. [1]'s study,

the gray-white matter ratio of women is 1.35 and 1.26 of mear Gea et al. [9], they



5.2 Comparison of Different Gender Groups 89

Templates

Korean,; Koreanys Taiwanesey Taiwaneser

Length(cm)  16.5 15.6 16.32 14.892
Width(cm) 14.3 13.5 15.096 14.382
Length

Lengt? 11538 1.1556 1.0811 1.0355

Table 5.9:Ratio of maximum length and maximum width of gender templates.

16.32 cm 14.892 cm
ﬂ{:% cm [8%
TTM l’] \/
KR,, [\ /_\
16.5 cm 15.6 cm

Figure 5.11:Ratio of maximum length and maximum width of gender templates. A
measurement of global brain shape characteristic is tomatgithe maximum length and
maximum width of brain volumes. Here we defined the maximungtle as the distance
from the most anterior cortex to the most posterior cortexhenslice that reveals AC-PC
line as the middle line. Besides, the maximum width was defasethe distance from the
leftest cortex to the rightest cortex on the slice that resvA&-PC line as the middle line.
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claimed value of gray-white matter ratio for women is 1.4 &dmen is 1.5. Our gray-
white matter ratio for female is 1.5297 and for male is 1.4968eems there is no notable

difference between gender groups.

Taiwanese Subjects Allenetal. [1] Geaetal. [9]

Measurement Female Male Female Male Female Male

Gray-White Ratio 1.5297  1.4552 1.35 1.26 1.4 15

Table 5.10:Gray-white matter ratio of gender groups.
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In this study, we have developed three methods, automatesagittal plane estima-
tion method, representative brain determination methad3ih brain volume registration
method, in order to construct a Taiwanese brain templatebiain registration, AC point,
PC point and MSP were taken to be the mapping features. Tdrerahe first step of
our construction step was to automatically estimated MSé&vefy individual brain. The
second step was to select a representative brain from theiselual brains and then trans-
formed representative brain’s AC, PC to every individualmrahese transformed AC and
PC were taken as the mapping features. Then, every indiMidaia would be scaled to the
same size as the representative brain. Finally, all of tmefeidual brains were averaged

to form a Taiwanese brain template.

It is important to have a Taiwanese brain template for fuumatl and structural re-
searches. Brains for comparison:need to be transformed émdast coordinate for a rea-
sonable comparison. A brain template could stand as a sthodardinate. By calculating
the transformation between Talairach:brain‘and Taiwanesa template, the mapping be-
tween structural difference and its functional-region ddag found. In our study, we have
demonstrated that a Taiwanese brain template could dimthes distortion of normaliza-

tion, which also means to improve the accuracy of functiamal structural mapping.

The observations from this study showed that Taiwanese beaiplate is shorter and
wider than Western templates, including Talairach braiNI805, ICBM 152 and ICBM
452. This is the same result as Zilles et al. [43] and Kim ejl@] proposed for Japanese
and Korean population. Thus, we may conclude that the bmirisastern people are

roughly shorter and wider than the Western people.
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