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Quantification of Brain Images Using Korean Standard Templates and Structural
and Cytoarchitectonic Probabilistic Maps
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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 MRI 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 SPGR
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 17% (P(10°, 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 PET/SPECT &Ato] AP Ae 18y I AFE gsle=
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Fig. 2. Probabilistic volumes of inferest: regional intensity in the brain images can be quantified by averaging regional intensities which
were weighted using the probabilistic maps.
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3D T1 SPGR MR %“3-> 1.5 T Signa(GE Medical Systems,

Table 1. Global hemispheric features determined to select optimal target brain.
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IS 7S A7 Aoz 789 (H/o] =49/29) @
o] A918] X YA olgatel 7 ARUGEA A - 5,

A(18-774) Tk, 7+ e, A ¥ FERE 9E7) st W
A 7]70] 5= | (target brain) & @xgs}aml“) SEL R

& (posterior commissure, PC) < 95 AC-PC 4, AC-PC 41%
7k o 2 AC %& 737 ‘%PC«] *E BAE Av=
AXE(VAC, VPC), Aa A1 (mid-sagittal plane) 5] 714
e | d o] npg ﬁﬁ]Q] 74315 F23 5 o] A7t &

Hemispheric feature

Margins between which the distances were measured

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

Width of left brain

VCA & Anferior cortical margin

VPA & posterior corfical margin

AC-PC line & superior cortical margin
AC-PC line & inferior cortical margin
Midsagittal plane & right corfical margin

Midsagittal plane & left cortical margin

VAC, vertical line passing through anterior commissure
VPC, vertical line passing through posterior commissure
AC-PC, antferior commissure - posterior commissure line
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MRI data of 49 men and 29 women

| l

[ Method I { Method II J

10MI10N /OMHOF

Selection of
common candidates

Selection of candidates based manual
method (method |) and semi-automatic
method (method I)

l 6M/6F

Final selection
by 3 image experts

i

Optimal target brain for each gender

Fig. 3. Flowchart for the sfrategy used in this stfudy fo select
optimal target brains. Two different methods were independently
used o 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 specialists by considering the age of
subject, asymmetry of brain, and size of ventricle.
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Fig. 4. Korean standard templates.
(A) Young/midiife man MRI. (B)
Elderly man MRI. (C) Young/midlife
woman MRI. (D) Elderly woman
MRI. (E) Young/midlife man PET. (F)
Elderly man PET. (G) Young/midlife
woman PET. (H) Elderly woman PET.
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Table 2. Mean (standard deviation) values of global hemispheric features At} Z+zre] IAFE A4 AFslsigion, 2 Al tiste] 55

defined in Table 1 (in mm), Al olste] QAF(d/e1=35/13)& Hdt] H/Fd H BERS,
Hemispheric features Man Woman 554 ol’de] (/I =14/16)= Bddte] ol o BT
Length of anterior brain 68.2 (2.6) 64.8 (4.0 +statHFig. 4).
Intercommissural length 232 (1.0 2204
Length of posterior brain 73.3 (4.4) 69.2 (4.3) 5. s]]_‘,ﬂ_‘a_‘]-x_-} Q—%HX]E
Hight of superior brain 76.5 (2.8) 72.6 (2.9) F=ole] g ietz FEHRA L2 sk FAHL Koo 59 =
Hight of inferior brain 44.1 (2.3) 41.6 (2.5 2o 23] 7]%5] 0] 9\}]:}.17) o]Z gokaly the ) 7} 9o
donormiben D @000 g e s 12 A 59
7k 897 €] s F-aH Fqlor 7 EEedthFig. 5.7 BE
¥ G 71E Holl gEol A Ftslete] BE g2l
A7l & S (isotropic) 84 3712 mm)E ZEE AT FUS HxA RS ¢ F )E HE A dzke]
83 8 mm FWHMS ZH= 7F$AIQE A (Caussian kernel) 2 22 HIAY F7HEtstele] 42 wghisE Bdd FoE
FHAE (convolution) 319 ¥, BE MR 94 279 7% Adste] 24 @Adol Agor 9o £IH =S &gl ATA 2
wol thale] AP vhgo F7hAFeelNY, PETE &9 2 2 288 9920 AAes 458 3a go= xdsioq &
g 7S o W) A2 WSS FUSA A gl gAFEE  EHARE AMSlt(Fg. 6).

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

Fig. 6. Structural stafistical probabilistic
map based on MRI of Korean normal
volunteers. (A) Superior frontal gyrus. (B)
Middle frontal gyrus. (C) Inferior frontal
gyrus. (D) Orbitofrontal gyrus. (E) Middle
fempolar gyrus, caudal part. (F) Middle
fempolar gyrus, intfermediate part. (G)
Middle tempolar gyrus, rostral part. (H)
Temporal pole.
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Table 3. Brain regions for cytoarchitectonic probabilistic maps used in this

study.,

Brain region Brodmann areas
Somatosensory corfex 1, 2, 3a, 3b

Pirmary motor cortex 4a, 4p

Visual cortex 17 (V1), 18 (V2)
Primary auditory cortex 41 (Tel0, Tel.l, Tel.2)
Broca’s area 44, 45

Fig. 7. Probabilistic map based on cytoarchitectonic data

6. NEFZF3E FEHAR
=9 £33 A7AE (Institute of Medicine, Research
Center Jiilich, Jilich) o4 §t= A7+ 2 37+ @9, B2 44, 45
99 5 T 139 9] MEFFFA FEHAAEE o833
3

[¢)
(Table 3) %% oj= slgl@og A% 10719 27 HE 4

H_l
N

Fall fé_i 20 m FAR A&H0 7 ek AEE gME
N EF5ETH £4E slo] JAETE o 5 ¥ 374 +3 7]
Holl oJsiA HE HEE FAZ QLY METFHTA JHE
T3t FAR Aotk olF ths AAE o83 dAA vy
A WIBEA S o] &ate] =919 ST FEHAEES e
7] 15t ARG 71% Sl REUHFig. 7). wAlA B
A A2 ZF 7)1 M o] FEje] ApolE WA F7] 9]
o] HE SAAZ st Navier-LameO]%% @%3}04 zt

i‘%il A&

Filename area2N13_2_b|BrocaN10_44 [BrocaN10_45 [PACN10_TE1JPACN10_TE11
wanal_p03201em1_tra.img 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.img| 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.img| 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 0.0116 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.img 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.
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Fig. 9. Korean SPAM of cingulate gyrus. (A) Anterior cingulate, rostral part. (B) Antferior cingulate, caudal part. (C) Posterior cingulate
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Fig. 10. Regional difference in cerebral glucose metabolism of o
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the cingulate gyrus: ratio of glucose metabolism in different part it w242 0.9620.04, 0.89£0.0201 A thH(Fig. 10). k=3t
of the cingulate gyrus for 14 young volunteers (age < 30y)

E 11 € 11,
(A) ¢ (B) ¢
E £
S 101 T 10}
£ E
8 8
S 097 £ 09}
= e,
= 2
L :
£ 08 £ 08
B 8
< ©
E . 8
o %71 r=081 507k i
o
Q Slope: 3.1% per 10 years o Slope: 1.7% per 10 years
8 5
¥ 0.6 e g ! ¥ 0.6 . L . )
0 20 40 60 80 0 20 40 60 80

(C) &

>

[e]

o 3 3
-% 1.1 00" R . .: .
] RS s . *
IS . * KA . .
g 1.0t - R0
£ : -
2 - »
g ool ’
=
=
g . r=0.52
a Slope: 1.5% per 10 years
5 0.7}
ie]
T
¥ 0.6 L . .

0 20 40 60 80

Fig. 11. Regionally specific effects of aging on glucose metabolism in the cingulate. (A) Ratio of glucose metabolism in the
anterior cingulate, rostral part and posterior cingulate. (B) Ratfio of the anterior cingulate, caudal part and posterior
cingulate. (C) Ratio of the rostral and caudal parts in antferior cingulate
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