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Quantification of Brain Images Using Korean Standard Templates and Structural
and Cytoarchitectonic Probabilistic Maps

Jae Sung Lee, PhD Dong Soo Lee, MD Yu Kveong Kim, MD Jin Su Kim, MS Jong Min Lee, PhD
Bang Bon Koo, MS Jae-lin Kim, MD Jun Soo Kwon, MD Tae Woo Yoo, MD K| Hyun Chang, MD
Sun 1. Kim, PhD Hyejln Kang, MS. Eunoo Kang, PhD., JuneKey (hung, mD., and Myung Chul Lee, MD.
Departments of Nuclear Medicine' Neuropsychzatty, Family Medicine’, and Diagnostic Radlo]ogy,

Seoul National University, Department of Biomedical Engineering, Hanyang University”
Department of Neuropsychiatry, Yonsei University’, Seoul, Korea

Purpose: Population based structural and functional maps of the brain provide effective tools for the analysis and
interpretation of complex and individually variable brain data. Brain MRl and PET standard templates and statistical
probabilistic maps based on image data of Korean normal volunteers have been developed and probabilistic maps
based on cytoarchitectonic data have been introduced. A quantification method using these data was developed
for the objective assessment of regional intensity in the brain images. Materials and Methods: Age, gender and
ethnic specific anatomical and functional brain templates based on MR and PET images of Korean normal
volunteers were developed. Korean structural probabilistic maps for 89 brain regions and cytoarchitectonic
probabilistic maps for 13 Brodmann areas were transformed onto the standard templates. Brain FDG PET and SPCR
MR images of normal volunteers were spatially normalized onto the template of each modality and gender.
Regional uptake of radiotracers in PET and gray matter concentration in MR images were then quantified by
averaging (or summing) regional intensities weighted using the probabilistic maps of brain regions. Regionally
specific effects of aging on glucose metabolism in cingulate cortex were also examined. Results: Quantification
program could generate quantification results for single spatially normalized images per 20 seconds. Clucose
metabolism change in cingulate gyrus was regionally specific: ratios of glucose metabolism in the rostral anterior
cingulate vs. posterior cingulate and the caudal anterior cingulate vs. posterior cingulate were significantly
decreased as the age increased. Rostral anterior’/ 'posterior’ was decreased by 3.1% per decade of age P10™,
r=081 and 'caudal anterior’/ ‘posterior’ was decreased by 1.7% (PC106° r=072. Conclusion: Ethnic specific
standard templates and probabilistic maps and quantification program developed in this study will be useful for
the analysis of brain image of Korean people since the difference in shape of the hemispheres and the sulcal
pattern of brain relative to age, gender, races, and diseases cannot be fully overcome by the nonlinear spatial
normalization techniques. (Korean J Nucl Med 38(3):241-252, 2004)
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Fig. 1. Probabilistic map of the right insular cortex superimposed
on T1 MRl Template

of aheAd U3 G212 AR AZIL o sl5Hy
Aol da] o) Qe SPM(statistical parametric mapping)
2PN AR Fep BASY 99 te AR
7P %ol 848k 3ae] AR} 1 shad Ud EAF &
gHoz FojAr}” SPM Z2 9L EEde AARNGAT
4 (Montreal Neurological Institute; MNI)ollA 718ty 24
1)) 3 & 3] (International Consortium for Brain Mapping; ICBM)
X EE0Z A ICBM EZ2IL 71202 A4d7] fE
o]l RE 23 FR8E MNI FRAZ FI200? VNI HEA 2
Fol7l 3t H9) oW EY el THHEAE L) Yatod
F2 o] ANE R 8H HEI} o= A% 92 Talairach 2
E2 ASSIA EASAT BN A 02 58 T
& o Ao whge oY w98 MNI HEAE w
2= Y9 BAA 55X E(statistical probabilistic anatomical
map; SPAM) & #2319 B} 3%y AR ) Rety 3
BE AL F Itk o2 So) SPM B4 B3 Fig. 19] Foid
FxolA A7 AAHA, MNI SPAMOIA o] 2ol &t
ARE Zo} o] AE7} 95 o)W (insular gyrus) ol £ 5
o] 83%U< & % Atk

APdelokE ] FAHAE F2 AT Yool
HEHAEE BF BAUYY02 B4E F Yri= GolA u)e

F-&3ltHFig. 2). FAAFA(ES F2A59)E T3] 938t =
PET/SPECT %730l #d99& Jgfof 3}, J8ju 02 1
U FAHGF AX S} AT AR Fa wa AAHT F
g Algtol I13E AN BT 7 gloy, ¥ AAd 2
BE #AHGAE 2] QM e AR A k8
o} B AN o FAAFY FAF #ol
(statistical fluctuation) & Z°171 8t o7 &9
PET/SPECT 34el #499¢ 1832 1 A4E Fahe
737t Bou A SRy FxAYE A& FAE 7
58 M99 S 28E A2 A EvMgsith dEkA, 34
of -7k Agtet WA Z AU H F4E ¥ EET
Z 7R 73 (spatial normalization) 313 7zt 8 8-82 TR E
FEHYALE FEF F4YH (probabilistic volume of
interest) S & o[ &8t 7} st o] FFol| st 7HFA I} F
AR Zx AFe NHEHFE FakE RAQG Y o
9] o PET/SPECT 94-& A#Ho|x A=Y
A3t R-23HA 2ol 9ot MNIGA =43
B GEHALEE 0] §317] 7o, AFZ Zpolol o
27F A& F AL HEH AMEAT AsH oz &
FA7F Qth ol 87t @99 o 2B} 558
GEHAEE ALsA @ F7)og

o] ATl X+ SPGR(Spoiled Gradient Recalled Echo) T1
MR F-18-FDG PET g7l td st=<l ¥ 2FHE A
4 AHdEE ALy, 7S] SA" Sl Rty g
EHAES 5Y A7l A FAYS ZAEHE 853
A E7-%54 (cytoarchitectonic) FEHAEE o EFw %
F WML o] F FEA NG E BEH FAAT FF3)
Z2TRE st 3 o] st 71 E o] &3t gl
w2 U3 (cingulate gyrus)©] 4 EET AN Ta PdE
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Fig. 2. Probabilistic volumes of interest: regional intensity in the brain images can be quantified by averaging regional intensities which
were weighted using the probabilistic maps.
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= Seoul Neuropsychological Screening Battery = 3MS
(Modified Mini-Mental State) A+ K-MMSE (Mini-Mental
State Examination), MES (Mood Evaluation Scale) 2 7413}
o] &31Hth 3MS 2 K-MMSEE A7k, 27+ thet Agas
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2. SPGR T1 MRI
3D T1 SPGR MR %/¢=> 1.5 T Signa(GE Medical Systems,

Table 1. Global hemispheric features determined to select optimal target brain.

Milwaukee, USA) & ©]-8-8t #9383 2™ (echo time =55 ms,
repetition time=14.4 ms, number of excitations=1, rotation
angle=20 degrees, field of view=24x24 cm) 256 %256 =jE¥
2 ANE 7k 120 949 APdE (082x0.82x1.5 mm) & 7+
glo] 2tk

3. F-18-FDG PET
PET 942 ECAT EXACT 47 PET 2714 (Siemens-CTI,
Knoxville, USA) & ©]-&-3te] Ak 2909 it es Fdd
ko 2 FWHMo] S4%= 6.1 mm, 10 cm $8%+= 63 mm
olm F£Z0Z = 43 mmolth 349 A= 21x21%X34 mm
o]}, 2k 370 MBq (10 mCi) ¢} F-18-FDGE AW FA18 & 308
H BYS U 283 WellA Y 5%71} Ge-63 =i
A o)gslo R EAS 9% TS oo 2587t
2D REZ NSNS Atk S0 e Shepp-Logan
2y & AMEslY 2d Fobg 03HE slo] JFEHFAL WHO
2 AT WEYXE A7) 128X128¢]Uth

4. ¥ ZF¥(Brain template)

¥ BEWHES AT A7 doXl 78 (H/ =49/29) 9
LEEF 0] A9 i QFE o1&t 7 AREBGHA A - F),

A o BFEE IR 9 Y BatvelE 4464194
A18-7T7A) it 7t A, A ¥ ZFEHE vE7) st 9
A 710] i ¥ (target brain) & AR 018 $)8ia) 7}
7218 MR g4l A w8 (anterior commissure, AC)3} $-1
H(posterior commissure, PC) & Y& AC-PC 4, AC-PC A3}
A7k wpgko 2 ACY HE AA 2 PCY 4% AAE Ave &
ZXAE(VAC, VPC), AF A4 (mid-sagittal plane) 5<] 714
M} AT A vz AAY AYE FE28 F o5 Art

Hemispheric feature

Margins between which the distances were measured

Length of anterior brain
Infercommissural length VCA & VPA
Length of posterior brain
Hight of superior brain
Hight of inferior brain
Width of right brain

Width of left brain

VCA & Anterior cortical margin

VPA & posterior corfical margin
AC-PC line & superior corfical margin
AC-PC line & inferior cortical margin

Midsagifttal plane & right cortical margin

Midsagittal plane & left cortical margin

VAC, vertical line passing through anterior commissure
VPC, vertical line passing through posterior commissure
AC-PC, anterior commissure - posterior commissure line
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T A AA O 7 H 7 7Pk HE Fol 71E HE AA s
AcHFig. 3).

7173} H o] vz BAE FE313 ARE A §
gt F 71 T S AR A wAle 7 WEeE
AAARI GAAE =279 FIRE(Functional Image
REgistration, Seoul National University, Seoul, Korea) & o]-&
3ted MR 9749 AC-PC A< 7139 y&3}, VAC A& %3,
BAEANEHEE y2hR A7 QAFEE olF E FHANZ F,
VPC A& A3 4 - 8, & - ¢, A - F2 3 Y o|Esid
A thy HellA Ha]do] i o]} HolA] & WE HHFe up
72 Z AARC 2 ARAT. T2, Table 1] B8 uls} 7
o] 71 A= A HAE Alelg] AE T3

T AR, GREL 7S ol &3 vixbE 3l e AMEI
ot & A HA oA 9} o] 522 MR d4E 7144
(#)oll AIAFIZ, region growing algorithm¥} morphological
operations ©]8-3}%] Yoon 5] 7123 253l HYo 2 Hy
Ao AAE FE3814 /1M A% HE v A ALE &

lm

L AEe Wdo e 248 A7 Aalg
FENFE sho] %%@ww% A A3k BE At - o
o1} @) BE W Yo (A 2Z) 7]

s ol A9 ARE AR 9] dwEe) =
of e thatiy AR ek W - o Z2A 9
o BAL] 242} 170e] 712 i (target brain) B4& AR

F 4

A (B) ©

MR data of 49 men and 29 women

l l

[ Method 1 Method 11 ]

10MI10I\ / 10M/10F

Selection of
common candidates

Selection of candidates based manual
method (method i) and semi-automatic
method (method 11)

l 6M/6F

Final selection
by 3 image experts

|

Optimal target brain for each gender

Fig. 3. Flowchart for the strategy used in this study fo select
optimal target brains. Two different methods were independently
used to determine 10 male and 10 female candidates, and who
commonly selected by both methods were considered as a final
candidates. Final target brain for each gender was selected with
the consensus of 3 image specidiists by considering the age of
subject, asymmetry of brain, and size of ventricle.

o olg A5l 7 AR 2 Pl 73 dolElel BIRE
FeRom, BRast 7 B AL 1099 9 99E %%
EE ARHAT F Pedl d5iod 3502 98 9 3
399 94 ARIIE o), Mol AS PE, ¥4 27 5 2
d5d 9% 712 M8 ek

- o 1% el AR S M FEAL xy-2EFH 2

Fig. 4. Korean standard templates.

(D (A) Young/midife man MRL (B)
Elderly man MRI. (C) Young/midlife
woman MRl (D) Elderly woman
MRI. (E) Young/midiife man PET. (F)
Elderly man PET. (G) Young/midlife

. woman PET, (H) Elderly woman PET.

(H)
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Table 2. Mean (standard deviation) values of global hemispheric featwres Gt} z}zte] JALS A5 AFstelgdon, zH A Wik 55
defined in Table 1 (in mm). Al olate] (/o =35/13) & et H/Fd o BERE,
Hemispheric features Man Woman SoAl oldel @R/ A=14/16) S Hdste] Q] ¥ LWL
Length of anterior brain 68.2 (2.6) 64.8 (4.0) FAAHFig. 4).
Intercommissural length 232 (1.1 222 (1.4
Length of posterior brain 73.3 (4.4) 692 (4.3) 5. 3¥eE FEYAE
Hight of superior brain 765 (2.8) 72,6 (2.9) 5-}_;}0] _4 6H_'_§]-7(~1 45y ;q TE /e AL Koo 59 =
SatnAE9 0D g a9 i 2990 54 29, 04
Width of left brain 19 G0) 679 @0) A 71ee Bt %%lfi}ﬂl *Jéf& shtel 715 HP%e AEvt
7h8o7He) Sty G0 S RYSATHFi 5 BE
¥ GAe 71E Hol w3 AY FTEssl BE g4l
AN & A (isotropic) 3H: 2712 mm) & 22 A7 FYE FIA AR I F J)E HE oA 22 94
313 8 mm FWHME zHe 71219 A (Gaussian kernel) 2 22 HIAY F7HE73Iele] 9 Mg 289 9959
FHAE (convolution) 3}R20, BE MR 94L #Aze] 712 ALl 7k JAo] 4502 99 FIAHES ) AFH o
Mol thete] MFUY WyoR FHAFSeIGL PETE &9 2 24 239 F98°] AXe= AEE 3k o Z3sle g
3k 735 o] o AL wshiLE o%_sw g3t el BHARE AASITHFg. 6).

Fig. 5. Manual parcelation of 89 brain
regions on standard target brain MRI

Fig. 6. Structural statistical probabilistic
(A) (B) (C) (D) map based on MRI of Korean normal

volunteers. (A) Superior frontal gyrus. (B)
Middie frontal gyrus. (C) Inferior frontal
gyrus. (D) Orbitofrontal gyrus. (E) Middle
tempolar gyrus, caudal part. (F) Middle
tempolar gyrus, intermediate part. (G)
Middle tempolar gyrus, rostral part, (H)
Temporal pole.

(F) @) (H)
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Table 3. Brain regions for cytoarchitectonic probabilistic maps used in this 6, M| EFL2813] FEHAT

study. =99 873 A7 (Institute of Medicine, Research
Brain region Brodmann areas Center Jitlich, Jillich) ol A THE A2t 2 A7t 99, 27144, 45
Somatosensory cortex 1, 2, 3, 3b 39 5 & 137 999 NEFEH FEHAEE ol &3
Pirmary motor corfex 4q, 4p (Table 3)%% o= dejwioz 7A% 1071e] ¥4 HE #4
Visual cortex 17 (V1), 18 (V2) W uEko 2 o) pm FAE 9&F0 e A AEE J45L
Primary auditory cortex 41 (Tel0, Tel.l, Tel.2) AEF2EE BAL sl YBT3 F A8 T3 7)
Broca’s area 44, 45

Hol sl EF ARE A AN AETEH YRE
23 FAY Aotk o) U ARE o]4F TAH B4
A AL o gsle] AR A8 FBHALE BE
7) 913ted WA 712 ol 2EAHFig. 7). 2AH B
A AR 7+ A7) 9] el oS B F7] ¢
3] ¥ E BAAE 7PY83 Navier-Lameol 2 &3l 7
Aol Mo} 71% ¥ Apole] AE HasN e 2DE A
= Aol o|g T3 7 shhol] i3t WHFL 7 5 Yok A
A &ze g 95k tE AR 7o) AR ET

¢

7. 3% =209
4EIAES 98 JUYAOE 4ol 4 2999 3

Fig. 7. Probabilistic map based on cytoarchitectonic data A AFE AFoR F2T 4 e AFYs Z2IPE SPM
Filename area2N13 2 biBrocaN10 44 [BrocaN10 45 |PACN10 TE1GPACN10_TE11
wanal_p03201em1_tra.imgi 0.0075 0.0069 0.0066 0.0081 0.0081
wanal_p03402em1_tra.img| 0.0155 0.0147 0.0145 0.0174 0.0177
wanal_p03213em1_tra.img| 0.0197 0.0180 0.0177 0.0218 0.0220
wanal_p03232em1_tra.imgj 0.0064 0.0061 0.0057 0.0074 0.0072
wanal_p03510em1_tra.img| 0.0057 0.0055 0.0051 0.0068 0.0070
wanal_p03521em1_tra.img| 0.0081 0.0079 0.0075 0.0099 0.0101
wanal_p03471em1 tra.img| 0.0019 0.0018 0.0017 0.0022 0.0022
wanal_p03218em1_tra.im 0.0051 0.0048 0.0046 0.0057 0.0058
wanal_p03204em1_tra.img 0.0052 0.0050 0.0047 0.0061 0.0061
wanal_p03425em1_tra.img| 0.0061 0.0055 0.0053 0.0070 0.0069
wanal_p03435em1_tra.img 0.0053 0.0052 0.0050 0.0064 0.0066
wanal_p03507em1_tra.img| 0.0017 0.0016 0.0015 0.0020 0.0020
wanal_p03578em1_tra.img| 0.0052 0.0050 0.0046 0.0060 0.0063
wanal_p03029em1_tra.img| 0.0110 0.0109 0.0103 0.0133 0.0134
wanal_p03544em1_tra.img| 0.0063 0.0062 0.0059 0.0079 0.0081
wanal_p03054em1_tra.img 0.0127 0.0119 0.0118 0.0152 0.0154
wanal_p03530em1_tra.img| 0.0110 0.0102 0.0098 0.0127 0.0128
wanal_p03548em1_tra.img| 0.0049 0.0045 0.0044 0.0062 0.0065
wanal_p01398em1_tra.img| 0.0049 0.0043 0.0042 0.0055 0.0054
wanal_p01370em1_tra.img| 0.0045 0.0040 0.0039 0.0052 0.0055
wanal_p01317em1_tra.imgl 0.0066 0.0055 0.0054 0.0074 0.0075
wanal_p01470em1_tra.img| 0.0107 0.0097 0.0094 0.0125 0.0127
wanal_p01112em1_tra.img| 0.0418 0.0373 0.0375 0.0509 0.0515
wanal_p01333em1_tra.img 0.0132 0.0112 0.0109 0.0149 0.0150
wanal p01337em1_tra.img 0.0062 0.0057 0.0054 0.0075 0.0077
wanal_p01350em1_tra.img; 0.0083 0.0077 0.0078 0.0098 0.0101
wanal_p03584em1_tra.img) 0.0067 0.0061 0.0058 0.0077 0.0079
wanal_p01402em1_tra.img| 0.0027 0.0027 0.0026 0.0036 0.0037
wanal_p01332em1_tra.img| 0.0083 0.0077 0.0075 0.0102 0.0102
wanal_p01314em1 tra.img 0.0057 0.0055 0.0055 0.0073 0.0072

Fig. 8. Oufput of the quantification program developed in this study.

246



Oy 2. gt

Hi
re
H

Fig. 9. Korean SPAM of cingulate gyrus. (A) Anferior cingulate, rostral part. (B) Anterior cingulate, caudal part. (C) Posterior cingulate

SZE} FH] AAYE F#Istd Matlab 5.3(Mathworks
Inc, USA)< olg-3ted 7ia3ich ol & &) s)ata, AlzT
%% 4EHALE Z17te] o BFEA 2 ujAdd Wgay
oh AR 1) B A/EE 2) B4 k9, 3) 94 /3,
4) <4 8 MRI/PET ¥ E5F9¢ F 32 Meste] k=
¥ GAE old BFo] AT EE § o] T2 Y] YYsiw
ARgAke] el ma) 1) 7t 3129 EEo) 9t s} F
o F4 A4 715 (probability-weighted total count), 2)
7V (probability-weighted mean count), 3) &8°] 50% o]
A Gl TFHE 44 A T s AMEES 3 2
G 2t Gl mhet Aol ZhE cov FA(RES Frle 7E
HEZE ) PR A AR A2 2 EAAYE 9%
I zZ29 oA dA o 5 35ithFig. 8).

ol

¢

N
4 4 3

8. T2 &§ o djo wE iAo ¥eg

A} 24

3 AT FEHATE o8 st 2P &
£24L Bol7] $J3ke) A walo] whE g Fh EEG
WA M3HE B4 ksl BE el ZRw giab 7t
& 7129 AFEA JBEA HIHT Qi Aple P
SPME o83 8} The] BAL s ud o2 RERT 4% o)
Ao A olgdt Aol FEHHL & 4 Aot MNI ExA)
55 AFSEE o] AL el gz Helso) glof,
FE4 BUYGL o143 B3 WalA )R B2 F& A}
FEAo] B7Fs3h o] Aol M AL darele) sjReta &
EXA o= AE], 3 »3] (parahippocampal gyrus) S A
NH o2 shte) T2 920 wet 7)50) thE ¥ F2E
2 AIRHo T REHYO T 7} AR Godo] g3t Fa AS
< & & 3ltkFig 9)."

o] A79h MEE Qolxl A4 42 499 PET GAe

M
=

Ea

gk o ' ZARSIITH /o =30/19, Ha vho] 494118941, HH
19-754]). SPM99 =2 78L& o]&35te] 2 PET GAHS B34 3/
23 ¥ #2390 e ¥ dEHAE e 279
& ol g3l 7} ¥YPHY JEHF AFE I E5-A
243 (anterior cingulate, roastral part), PI&-AthAk3](anterior
cingulate, caudal part), FZNA3](posterior cingulate) ol tha}
o F/$ wbe] ghe Hadt T 7 R AuE Felal
AR OZE A% Wl mE o]5 AFH|9] HaE ZAS)
Ak

2

1LY 259 9 AL

Table 19 gt 7709 714837 H3)F FAE Ale] Aglg
FEUWHOE T 3o A FFHAE Table 200 Fe5HA
ok BE A7t dxjel vigte] g@xzb Ak SRR A

Al digte] a3 ¢ A%-4d J5AE JFL 7
32 gokont, Atolo] %t JF2 FAHCE KA
(005, U X EA F), & - o Z4zhe] tiste] 7k Ao 3
#a ANAeM ST gl el T Al (root
mean square) < ZH2F 731256 mm(d), 6.67+3.59 mm(a) ©)$l
th 715 ¥ MRS A7) S8t & - EE i v
Ao R A% 7+ 1059 tidAE 3EHE ARE o
FE - o ZHeellem, o] F 34A B 414 3499 MR
BE NE AR AR
, A% W& SPGR T1 MR ¥ £5%(Fig. 4 A-D)
S sl 2y, B B BEge] AvEed Arrt o,

gl

23 (caudate nucleus) @ 2717} A3, 91&¥ (lateral or Sylvian
fissure) 2 AlolZH(insular gyrus) FH WA 747} FaE
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Ratio of probability-weighted meant count

AC_rostral / PC AC_caudal / PC

Fig. 10. Regional difference in cerebral glucose metabolism of
the cingulate gyrus: ratio of glucose metabolism in different part
of the cingulate gyrus for 14 young volunteers (age < 30y)
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