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Habeol 9l HEolx|
AR T1 22 MRl ZA=IS
%7473 (Philips,

AAL A= 3HEE (Tesla) #7139
Achieva, Best, The Netherlands)E o] &3t3on 8§ A
SENSE (Sensitivity encoding) M2 Y-S o]-&&3itt. Al

43t ¥ (pulse sequence)S HAFd A5 HrsAZ
4= 9l WA (inversion recovery) T1 7% HEAAAA Ef

PO AT 2 G7dolaL, AHEH A= v 2t vk
A7 (echo time, TE)=3.7 ms, 5H2AI7} (repetition time,
TR)=8.1 ms, ¥t¥AIZt (inversion time, TI)=1013.4 ms,
Alok (field of view) =236 X 236 mm, WEH 37| (matrix
size) =236 x 236 mm, A 37| (voxel size)=1 X 1 X 1
mm, 9485 WE&F=AdA (sagittal), EHFA (slice
thickness) =1 mm, A3 (Slice) =326, &&to]~ Wk 4
391z}t (SENSE factor) =2.5, $97 (Flip angle)=8" % &

Ril=tanl
PHET A 42 35% 9

ETE 9 25 (segmentation)

Fig. 1olM= & A oA ¥ EF3s 47] Hote] AH&E
7t GAE et v e Eedes Addhs A9
SakE Fol7] SJste] F 1239 747 Ak T174 % H 94
< Au™ (anterior commissure, AC)¥ (posterior

o
=

il

commissure, PC)AS TA02 912 24 3t}
o502 SPM5 (Statistical Parametric Mapping 5,
Wellcome Departmentof Imaging Neuroscience,
University College London, UK) Z2I1#ldA A5
VBM5(Voxel-Based Morphometry 5) AZEO(23)&5
ARt ZF A T174 % ¥ 25 394 (Gray Matter),
9 (White Matter), %5 (Cerebrospinal Fluid) ¢ %
2 (Tissue maps) &2 F&slc). uld WA w24

3 4ol T clusterd A7l £XE 93 Gaussians

Table 1. Demographic Data of Study Population

CN MCI AD
Subjects 43 44 36
*Age (years+ SD)  64.9 (+7.6) 67.7(+7.6) 72.7(+9.2)
*Gender
Male 15 20 7
Female 28 22 29

Data are listed as the mean + standard deviation.

CN: Cognitive Normal.

MCT: Mild Cognitive Impairment.

AD: Alzheimer s disease.

* Gender: statistically significant difference between MCI and AD
(p = 0.007), but no significant differences between CN and MCI
(p = 0.22) or between CN and AD (p = 0.13)

*Age: statistically significant difference between CN and AD (p =
0.0001) and between MCI and AD (p = 0.01), but no significant d-
ifference between CN and MCI (p = 0.08)

-

o exsfo|o{H X[of ExjoilA{2| H FEYY mET L

El

per class = 2 X 2 X 2 X 4 voxelsZ 3}9 3 A|HH o2 o]
2 & A3 a7]$8) ol 24 (affine Regularisation) ¥}
5EA77] A% AEH ZAH (Warping
Regularisation) =1, HE9 F35 BojHd (Warp
Frequency cutoff) 25 mm=Z 3tgjoem njAg =A
(nonlinear regularization)< “very light regularization”
o2 g9irh. FWHM (full width half maximum)-> 70 mm
2 SR A Rs] #H3} (smoothing)dtleh. 3Wa WA v
Hadol zAYNS Hit Gl vdFEH (Non-linear
only) &2 Aqtglstal HEAH 0 Ak B 4718 1 X 1
X 1 mm= seh, + sy} glow FUEE sholon,

T ET

[e]
=AW

T1-weighted Brain
MRI data of 123
subjects

¥

40iterations
segmentation

.'.

40 iterations
Bias correction

¥

20 iterations
warping

VBM

significan
change of
estimate

No

Yé

Segmentation
image

*

Estimation
according to age,
gender, DDX

.'.

Creation using
estimated B

.'.

Specific template

TOM

Fig. 1. Flowchart for the brain template creation.

In this study, we use two separated steps, VBM5 and
TOM.

GM: Gray matter

WM: White matter

CSF: Cerebrospinal Fluid

VBM: Voxel-Based Morphometry

TOM: Template-O-Matic
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EFE YA ZETH(brain template) 44

VBMbE O] &3t & BE e AAATIAZE 43
w8 24y (A Wy HHFH) 9] o FFEHS WEY
3 SPM5ZZ 1@l TOM (Template-O-Matic) 2~ZES]
ol AlEEAT(25). ¥xHS W #AL HUt
(estimation)9} EF% A4 (creation) F GARE o]Fof A
o AwA R AE Yol (age) 9t A (gendel) A}t
(differential diagnosis, DDX)ll W& &S 18 3}7] %0}
o] t}% 87] 29 (multiple regression model) & A3
ot UolE AR ARES o]fr= HA| @AY vo] ExT}
50~87THI= WA XS] witolH, Yol gt 37 =
(regression model) & 32 T} o2 AMHS 3FTH(26).
HE QIR ARREE o] X EAb7t A A 0.2 o] Ao ‘5%01
AL 2 AT o] &8 FEA] A9 dpe; o7} ko] A
o] zfo7} 9l7] wWitolth, gk RS AR ARE-E o]
= A7 (B, BEQAA T, A &Atat) o 7k

j&*

F71 flaiAfolnt, webs $-2le] 2Hds o
317 %3}04 %“ﬂ Ad 29 (general linear model) 44 4]
ARSI AL HE A0 R YR A 7F Bl big vl

mémlo_\;

[}
w2 4789 Qdreh shutel AW 8l skuke] DDX Aboldf uhE
ZAE At
o ® foA dojzl Hrke setely ks o] &k
Zbzkol w49l g ate] 3k T170%%94 (Whole brain) ¥}
A (3ad Wy ed) S v F HFHOR i
ZE#s vEE P ALAHEH (Matched pairs

& #Emo| T}

Fig. 2+ ¢4€ ¢ =2 3 Xuf 3xe] ¥ xF33
SPMb5ollA Alg-¥ MNI152 ¥ #F%9 4 7]%@%{}9] &
TAEE e @rdolrt. o] mek = &}7]
8719l Talairach 715 % (Talairach reference point)©]
o] HATH19). & AFelA = o FolA 6719 71+ HE A
skl 7t 71 HETLY ARE A s 4H vE He
th2-3} 2tk Anterior Point (AP) olvkd 249 7} ¢

Fig. 2. Measured parameters shown
on the images of the smoothed our
brain template (Q, C) and the MNI-
152 template (b, d). The solid lines
show the center position (0, 0, 0} in
X,y z plane. The upper and lower
dotted lines show the length of the
SP-IP size and the middle dotted line
is the length of the AP-PP line. The
vertical lines show the length of the
RP-LP line.
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Table 2. Charateristics of the Two Standard Brain Templates

MNI152 OURS
*Template size (mm) 91 x 109 x 91 157 x 189 x 156
“Resolution (mm) 2 x2x2 1x1x1
* Age effect 27.8 (+5.1): No 68.2 (+8.6): Yes
*Gender effect (M/F) M (n=52)/F (n=48): No M (n=42)/F (n=81): Yes
*DDX CN (n=100): No CN (n=43)/MCI (n=44)/AD (n=36): Yes
&nGM 54.9 34.9
&nWM 234 21.2
X =AP-PP(mm) 173.8 168.4
Y =RP-LP(mm) 1315 142.3
Z=SP-IP(mm) 129.7 126.4
ventricle _a (mm) 20.3 21
ventricle _b (mm) 44.3 45.3
ventricle _c (mm) 24.1 26.2
ventricle _d (mm) 72.7 73.8
ventricle _e (mm) 66.4 79.6

*Template size (mm) and resolution (mm): X xY x Z.

*Age, gender and DDX effects were considered in our template (Yes), but not in the MNI (No).

& normalized gray matter or white matter percentage: nGM or nWM equals to the number of GM voxels multipled by 100% devided by
the total IC voxels more than 50% of GM or WM, respectively.

DDX: differential diagnosis, GM: gray matter, WM: white matter, IC: Intracranial, AP: anterior point, PC: posterior point, RP-LP: right
point-left point, SP-IP: superior point- inferior point

Fig. 3. Measured distances (mm) of
the ventricle area for selecting land-
mark sites in the MNI-152 template
(Upper left and bottom left) and the
smoothed our brain template (Upper
right and bottom right).
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Fig. 3 & A
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2 %) uH ;Lx} ¥ ¥

Z I

Table 1& & A7 gk g@ato] 9 1o W& 7 &
o] it Ay 9 A Adtoltt. student t-testE o] &g
7b 7ke] el Aol A4Addy MCIgHA (p = 0.22)9F 4
A ADSAF (p = 0.13) Atolol A BAA & {98t 2t
7F 4415 (p ) 0.05), MCIZHAFeF ADSHAZE (p = 0.007)

o= o] HE frold Aol AT (p ¢ 0.05).

volo] e Aololx HAR1H MCIEA (p = 0.08)0]A
AFol7k G (p ) 0.05), g@ ~4ADﬂ%P(p 0.0001)
MCIZASFADA (p = 0.01) 2+e] W]ao] A= §o)g 2ol

A doldl 13 Ao} 9910n
w44 9g4e 4Ee F

7F AATk (p € 0.05).
2,5 AfgM ttes

ek gro s AREsaL, HA FgAtel g vhelel 3709 1
g2k 7 (CN, MCI, AD)ell tiaiA = ¥ 2Fas AT wo
THEF Fho 2 A8

Fig. 4= VBM5 Aizgﬂfﬂa o]-&3t A 7 o e
42491 (CN), MCISHAH, ADSHA}ol thet 33 453k Fof 4
29 T17% (Whole brain) ¥ 39d (GM), ¥ (WM),
¥ 24 (CSF) 22 wo 288 Avo|th, A ZFoM =
2o WataiA B S gl & i) 2 Aol Alge
VBMb5 AZEgo7h A4 Sixt oA 24qe &

Whole GM

AD

Fig. 4. Representative segmented
images obtained in a cognitively nor-
mal (CN) control subject (upper
row), in a patient with mild cogni-

CSF
tive impairment (MCI, middle row),
_ and in a patient with Alzheimer’ s
disease (AD, bottom row).
Each subject is a 70 years-old
woman.
GM: Gray matter

WM: White matter
CSF: Cerebrospinal Fluid

>
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B8 olol ¥ EER L 2E 24yl AAHEY 2 AV
les & ASdH
o) —5‘],04 M- 0] ’124:_

Fig. 5& TOM AZE¢oZ o &
(matched pairs approach) WHE ]84 38 xjof A
Ao A ¥ FFH(Fig. 3a)3 2o w2 3)W A (Fig.
3b), WA (Fig. 3c), HHFN(Fig. 3d) 24| %+ 5 o
golth. dAl SPMbolA AMEEFAL 9l MNI152 ¥ HE%
A EA A7) 2 X 2 X 2 mm7} v s}
M gFEH B4 A7) 1 X 10X
(spatial resolution)©o] &ttt

Fig. 62 Fig. badollA HolF 329 T1 EFI4S 244
3o = XFF (transverse brain template) &2 ThHA] B
ol & GAfolth. Alob 157 X 189 X 156 mm= MNI152 ¥
3] Aok 182 X 218 X 182 mm¢}t Hlue g =2
9 HAEE BojFal g},
Fig. 7& & ¥ 233 37} (estimation) T4 dut
A8 md (general linear model) WA2S o] &3-7kol] ul &
32 2ol viet 329 T19% % &

[¢]
o) EEHe Ak AFYY

2

>
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o ¢xsfo|n{Y X[of ExjoilA{2] shmel x| PP

El

=x 7l

ne

o

F. Jolel At (age) = 39 29 (regression model) S 32 tf
grloz Aojste] At s A grola, A Pl oist
J 012} (gender) B Shabt 7+ <1z (DDX)dl whE #3}
7F YERY 9l

Table 2% A71388 MNI152FF=w3} 2 AfolA 7futs
¥ Red 2H7he] 4S8 vlag Avjolrt, Ay} 9H >
AA 99 FollA A Wge] oS dEo] 50% o4
B4 NeE Ao Altetdlch. smde] B g w9l %
mjgkate] o FEI-E MNI152¢0 Hlgko] <F 20% 2
o] A% 2.2% o AATk. dAA R & AgolA e
ETTe] 3 A 9 H o] fojo] 2okar, WHw T} 5] Ao
o B2 Aol7t AU

>

2 AFgAE A7 GEe o8 o =9 3 A3

Aol A w759 &dstE dos 7] AT & *

A (Voxel-Based Morphometry, VBM)S& 913}
o

O H 3l E v bi
Az ¥ P2 e RESn 54 ¥ 559

Fig. 5. The created standard brain
templates of three-dimensional T'1-
weighted (a) and the corresponding
tissue maps of gray matter(GM, b} ,
white matter (WM, C) , andcere-
brospinal fluid (CSF, d).
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Alstadtt b Ars & A dF Be A, vold e JEEH, 7w
A7 Qe A g s 7HEE ol ‘L}% Sl = 2 Qatg 3 A ARE AFE 4 9t} (21, 22). F
ol 9 dzsolm A A & }4 5“435}5] ] J9& 243 o @l W] Zojok MNI ¥ EFd9 ZolE vaug A+
ATt del 7lddsta vk (27). 538 ’“X}"JTI e oA g T A2 Zole EAE 16.5 em, A= 15.6
A IMPRAGE | +2%9% 0“1'3% o] 43 A ¥ ey} 5]y cmE, 7FE 7&"]% YA= 14.3 cm, 9 13.5 cmZ, £9
Aol 815 (atrophy) o] ¥4 5& 53 249 &4 ke 54 Zolk Waks 12.1 em, 9AH= 11.4 cm& MNI2] HoA] A
& Aok ¥ oo BE Hrlwe &4stE S 2] 9 2 18.3 cm, 7FZ 14.2 cm, *¥°] 13.3 cm$t Bl d of B
gk A 79 A o] 7 R Ao R ARRE AL 9k Apolzt Qlrkal Bl ETh(17).
(4). 71 o & gzstolm A Aujsizatel A 4k ¥ 72 T1 %4 olelgh oAt wiol Zt thAk At g ¥ FFEus ves d
Z e o] & WA A 52 Voxel-based DTI (11 77} Bol ¥ e=d AAMA 55 tdoZ o o 1
A Z& gzsto|w A AujBAtol| A ASLE o] &5 HAF{ G =3 (13, 14), %\l"ﬂ‘f’} (15) 52 20thell A 40t Akole] 4
4 (12) Fol Eag vt ok, ofe2fgh %}23}0]”1"3 2] ol A &gl (16, 28) & =l "ol (18) o5 o= 3
o] Pt a2 gAY AT s o BF dEeo] WA om ALsA el 283 ofe] ZEAE
9 (brain standard template)dll %3 F7t A7t3} (spatial o] |k Fol A}, 2B} o} A 74| 3= wolou) A mjBalE
normalization) ato 912 AEE A+=vh(5). SPMEZZ T gk =l o FEde] g ARTE A3 Aol vol 7t
A dutdoz AlRHE BE ¥ RS AYY Fd2 A B w9l A A] A2 Qs 246 HEiM e AT F
(H 27.84, 534 5.1)2= 1_]'—1:: MNI152 ¥F3ho|t} Aol 3ld & is Z
(20). MNI152E =3 A4 o =9 9 A vigkate] A& & WA A ‘

Fig. 6. The created standard brain template of three-dimensional T1-weighted images was shown as the axial plane slices.
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ZaFAA AFAVBMS LZE0] (23)F o4 o] o +
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Aol WA AAEUL 2 AFeA AFES VBMS £Z Hi 2 ?Oﬂ o] &5 FPAte] g Aot o7} 7he] e
Egol7} FAR1T} At Bl A 2 AN & 28 5t o Aol 7k 17 Wil 1= af S Apol & QAR

o ol £7} 50~§7A2 A ) WEel v
e 15

(regression model) 2% 3%k (cubic) &

ER

e 1
Hed 9 2E 2] AgEHE F FAV SleS & 7 AR ol AV (AR, ARAA T, A v gkabat)
At (Fig. 2). #89 7% 24 ¥ ¥ 593 7] ¢ o2 7k AolH S nA F7] fgoltt. o]Ye IdAEL
3 TOM A~ZEH o] (25)5 0|43 F @AE A8 st 3l student t-test® &3 7 17He] A¥Ey} olE Wty o

WA 9A= 17} (estimation) =4 trolot A data 2 g AnE upgrow AEE gl Ao e ol Akl
ofo] W JGFS A7 $5 vs 7] 22 (multiple (CN) 3 MCIZHA}, 47213} ADSIA}F Alolol| ] BAH oz &
regression model) A& AMEle] WMo M2 Wsl g 2pol 7 AAAITHp > 0.05), MCIZA ADSAI = -2
(beta) S A= BAo|t}, Yol AR A3 o] fri= A ] gk A1zt ATk (p € 0.05). dolol] e Apojel| A= A<l

Fig. 7. Beta image volumes in a gen-
eral linear model; The ages are the
coefficients of the third order poly-
nomial

Maps from the second row to the
sixth row represent beta image vol-
umes in a general linear model of
the standard templates caused by
the co-varietiesof age, gender, and
DDX.

GM: Gray matter

WM: White matter

CSF: Cerebrospinal Fluid

DDX: Differential diagnosis
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B MCIZHALel| A= &Fo] 7k A ] GIAAIRE (p ) 0.05) 821t
ADZ A g MCIZALe} ADS ATl = frelek zho] 7t Atk
(p € 0.05) (Tablel). mekA -2 RdE H7tst7] 91sto]
Ak A8 29 (general linear model) W34S A&3}o]
Zb B Ao gt T17x2974% sud, 9d 9 HHFdof 1
oo wE 4719 e} shite] AW F EAEe] Apolel] wh
ZAWE At (Fig. 7). &2 A4 (creation) @A
%3] H71 (estimation)¥ W3}l }—E‘ o] &3fo] FHTF %k
A7 2 tolgh AME sle] A HE (matched
pairs approach) ¥ o= s}o 747} tﬂfFoﬂ tjsle] 7+ 22w
& UE g =8 B A Skt o FERS e
S el 9 A #Ae] ¥ FETI MNI162 ¥ &%
7t 7+ 4%{}"] BHAYE €71 A8 B4
Talairach 715 % (Talairach reference point) %ol A
ATl = 6719 71 He A9 st 2749 ARE 54
2 A4k sgieE o A2 AP-PP AglolM MNI152 H 3
W2 173.8 mm, = =919 ¥ TFEHLS 168.4 mm °]
I RP-LP Ag+ 47 131 mm, 142.3 mm ©]eH S -
Ade 47 129.7 mm$}t 126.4 mmolAtH(Fig. 2).
MNI o FF33 g =2 3 X jghate] w49 =7]
7] 913 af-El e7kA 9] B4 4 AR st el wE Ae
g TEHOE ALtelart. 1 A HAiH o R £ EEeA
wAe] A7l wE Aol7k AT (Fig. 3). 7 A7kl
FF%e] A7) (template size)7} tH27] wiiol 2449l 3
A9 Ao A7]E vusk=dldlE Algte] AT H 2
07 o5 ¥F ¥ A A SPMH ZZ 1ol ALE3}
= MNI152 = F=e] Bl 47] 2 X 2 X 2 mm¥} v
3t g el Y i] nf $h2pe] o e HAAT|E 1 X 1
H
dl

o mu rju

)

4N
)

52 e fo rz o o

“ +n
e ot

of

£

ST

X
=t
=
fitl
- of
~ogg
Hr
olv

%5 (spatial resolution)e] HolE<

of Fouth My} WA JoAs FAbet] A o Mz
Fool we smMAs e g5o] 50% ol HA JFE
Aol Axtstsitt. s e g w9l 2 A ufjdkate] o
B9 34.9% ol MN1152Q B9 54.9%7 B A
Tl Mo ¥ FFEdo] o 20% HUa, WAL HF$ 7zt
21.2%9}F 23.4%% ¥ AFoA g ¥ xmFEde] F2.2%
o A3tk A A g 2 Aol A 7H‘?a} sk ¥ REve] 39
J_'Jr uﬂmq oﬂoﬂo] xl
Zpol7h Agiet. HlaL 7543 EO} 14 7J°ﬂ Aol o Q1E 7k
Zo] w o ukAh sk 74°i ke o)

ol Aol A AFHL FFA 7+ AEF o] ol
7b froshAl vebgEd ¥ RE3E vEs HAoA 4 U
ol 4 FapH o E}% z}o] (Differential diagnosis,
DDX)& 1#ate] wHEo] A9 dHS SHstha 37 &

T Atk

2 E
2 ATE 8% 29 0 ABAES] ¥752 245 9
MRATIZ 42 ol §3 A/ FeEAo A SPM5
a9 o8l o BBl I AT F A BAeR

3] AelA o T2 9t e
Fth. 50~80th Akl 3= =

, A g A ) 23 5 37} (estima-
tion)9+ A (creation) A4S B3 3= =913}
AlEst ® 54 H 253 Jatach. 7+ 7l
Aot HAo AE As |
AATE T F ATz
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Development of a Korean Standard Structural Brain Template in
Cognitive Normals and Patients with Mild Cognitive
Impairment and Alzheimer’s Disease
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Purpose : To generate a Korean specific brain template, especially in patients with Alzheimer's disease (AD) by opti-
mizing the voxel-based analysis.

Materials and Methods : Three-dimensional T1-weighted images were obtained from 123 subjects who were 43
cognitively normal subjects and patients with 44 mild cognitive impairment (MCI) and 36 AD. The template and the
corresponding aprior maps were created by using the matched pairs approach with considering differences of age,
gender and differential diagnosis (DDX). We measured several characteristics in both our and the MNI templates,
including in the ventricle size. Also, the fractions of gray matter and white matter voxels normalized by the total in-
tracranial were evaluated.

Results : The high resolution template and the corresponding aprior maps of gray matter, white matter (WM) and
CSF were created with the voxel-size of 1 X 1 X 1 mm. Mean distance measures and the ventricle sizes differed be-
tween two templates. Our brain template had less gray matter and white matter areas than the MNI template. There
were volume differences more in gray matter than in white matter.

Conclusion: Gray matter and/or white matter integrity studies in populations of Korean elderly and patients with
AD are needed to investigate with this template.
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