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1. LI

v MEHERED L { AR RIS 5 2 L XINEHEED
MEHETH L. UL, MEICHEIENIZD
WMOTHEMLZ L PIROY AT A2 WHENITLH
LIESTLAAES TIE e, BEoFMo TR e
%o TWEETFAEYFNTETIE, MEMkTs
Bex 0 FORE L ZOFIM X H = X0 %P5
W52 LIETELY, Mok ritz s L
RO CHEETH L. — T, BRI S
BRIFALOD, WD L) REME»OREH T X
TN R WIS A BT, B Tl e FE
ThHb. ZOL)BBELL, KABRMEIG T —
¥ NRX—ZDFHH 5 b MROTERE & B RE % W5
WCHRS AP RNIITTbN TS, I
T A TREE 2 RN O RS W m % (MRI)
T = F N— 2 EEE LT, MOSEE LN
BE{GESEWI R EIToTE. ZOF—F N—
A O MRI W {55213 2700 51 TH % (Table 1).
WaERIE, TOF—FRXR—ADEE & %o 72 FHEN
EGE)H—Ftry—Tuvcs 1591 % (F
D, VHEELIOREED D LY TERZIZITS
ToHEWTIFZE (HHE2) 442 %4, BT » FHIX %
MR E L TITo 2 ZREWR MG 70
Ty b —ELE)TURE] Bral 2) 419
% SHIZFR 20 SEEHD S, TR E % B
EMIZT A0, 6505 18K F TOMEE %
R E$ D MRI 7 — 7 OIUEZ 1T\, #9250 44
DT —=FEBIMLZ., RF—F X=X IZEHNTIZ
M—, WARAMICLEROBRETH L. T2, K
T = & N— ZAOPERE TN S 70 AL E THAE
&, Bt aar—s8ExALTBY, K

IR 24T ) ICERETH DH. TDT—F N— A
VT, FE S MEICHE D B0 Z s L O
ERL XV NT =78 = DEALIZD
W 2 AT o 72,

Table 1. Number of subjects in Japanese brain MRI
database

Number of subject

Sub database

male female total
Aoba-1 805 786 1591
Aoba-2 184 258 442
Tsurugaya-1 92 104 196
Tsurugaya-1 118 105 223
Children 123 123 246
Total 1322 1376 2698

2. MRI Ef&iRf & ER0LE

K TP 2 KRB DOT— 512057 A7
(T) ® MR %1 (Signa contour; GE-YM) % H»
THGE AT 72bDTHAH. H7205 T HOMwE
VALY = Y AZUTOEBY) THDL. 1243
o, 1.5mm A7 A AL, i > 3D T1-585H %
(spoiled gradient recalled acquisition in steady
state), # D& LEEH (TR)=40 ms, T2 —% A
A (TE)=7ms, 7V v 7f=30; BEHA
X =1.02x1.02x15 mm. /NERMFEIZE T 3T
D MREEZ W7z, W87 A=F1ILU T L
BOUTHAH. 162 A7 1 A#fe, 1.0 mm AT A A
&, S5 fReE 3D-T1 i@ H{% (a magnetization-
prepared rapid gradient-echo—MPRAGE), # 1 &
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LM (TR)=65ms, =a2—% 424 (TE)=3
ms, TI=711 ms, FOV=24 cm.

KON GO R BT 2 BB IZ1T ) 729012,
W% L 7-10i{% % MATLAB - CEIES 2 NV 7
N7 =7 SPM2 % H\C, &HBTHE 4 Ok MRI
% 2 BECW] (R ) 2 AR #E L (anatomical
standardization) L, WIZHiHL#KZIKH'E (gray
matter), & (white matter), x5 5 e
(cerebrospinal fluid space), H&#F D L2 5515
% HMRST T (tissue segmentation) #17- 72 (Fig.
D). ZWAEEOMEFE X, SHRRICHTE T 2 HE O
AT XTHEAL, CNICHZEORBELREET S
ZEIZED KD

white matter

Volumetric
analysis

Volumes of each segment
= % (voxel value / 255 x
voxel volume)
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Fig. 1. Image processing and data analyses (anatomical
standardization and tissue segmentation of the brain
MRI)

3. 2fkBEE s LUCRERHEOMEZEL

3. 1 20 RUBEORADROMEEZEL

T—= I RXR—=ZFE] D 20mL 70T TORA
Blerg e U TMKEE (gray matter), BiFEE
(white matter) B X OBHE#HEEIE (cerebrospinal
fluid space-CSF) D% % 71l L Chs o 5 21k
DN AT 72, Z NN ORI O 7R 1 2
HRICHTAHEETRL, £NZ N gray matter
ratio (GMR), white matter ratio (WMR), CSF
ratio (CSFR) & L 7.

SRR % Fig. 2 1278 L 72. Gray matter ratio
i, BT & & D ICERRAIZIEA LTz
(Fig. 2A). —7, Mo Gray matter ratio (3514
EHARTHERL I L, 50 LRI E ML 12
ZF L& AT A E R L7 (Fig. 2B).
White matter ratio (ZH 2 & & 20 A SR 4 12
FALT, BLXZO0HEATE=2%2RLT, ZD

Bw BRI LTz, CSF ratio 3B & b
stk T ERLTW, ZofErs, T
L ORI 3 i 3 2 IR B, BREEH S
bOOMEE & B ITIZIFEMRANISHD T S 2 LAt
RENT 2

L2 L, 2O MRIDEFGREOHAIZLT LY
RN OWA 72T 2 2T DI TIE RV, D FEE
(2R TBRERZEROBIZ YD, M D AK, FEELSEAT
#Z), MRIEFBENZILT S EhMENT
Vo O GMR DAL, T L AKDZEEIS
9 MRIESKT RS 5. 50 i LED A
IR O E KL TV b EEZ 55,

0.7
A O gray matter
4 white matter
3 06 1 o CSF space
o
© (.57
o
=
2 0.41
s
[7:) 0.3-
®
3 0.2
[¢]

" 0.1
0
10 20 30 40 50 60 70 80

age (years)

0.7
0.61
0.591
0.41
0.31
0.21

0.11
0
10 20 30 40 50 60 70 80

age (years)

O gray matter
a white matter
o CSF space

Fig. 2. Age-related changes of brain tissues

Vertical axis indicated ratio of each brain tissue
A: male, B: female, O: gray matter, &: white matter, [ : CSF
(Taki Y, et al. Neurobiol Aging 2004; 25: 455)

3. 2 FHOBREEZE

B3 7 L BHIRZSROBUT Y, N D AAm, S L
HNZKY), FAF Iy 2T B EDH SN
o TWh, ERIEA 6 ~18 D 123 ADF T
123 NOZLF a3 RIC, BMRI 2% L7z, #
DS, TAMA, FEEREE, HEITIMEOREDE, 2%
REAETHIHHEIH O LRI L2, Wi%L



© MROIEEIEE - Iim b ) B S £ O alif v b7 — 2 fEE 0L — #F AN MRT 7= N— A2 o mgRESME - 15

7l MR, AR OFHECIRNT L, IKHE, HHE,
MERREAEEEN L. $72, gray matter
ratio B & U¥ white matter ratio Z 715 L 72.

Fig. 3135 T Ok FUEAFE B X U gray matter
ratio L FHE OB EZR L2 DTH L. TIKH
EAE (mD) &, BFCTlR13~U4®E 7o b—¢L
FTAWIMEMAR SN —T, & T
mEZe <lZ—%El%z R L7z (Fig. 4). GMR 35
e HRRWMAENE R L7z, DLEORE R, Tk
FIEAFE L 6 REF L CTIEIZRAD L NVIZEL T
Wbk, WTORMEEIETFIDOEMICET
LTwa ZEMHER S,

HEABEIB L SWMEmnZR L7z, £72,
white matter ratio 1L+ 9 2> 7 B hIMETT 2 7R L 72,
20 LD T — % (Fig 2) 33 2L, HE
HAEIZA0~50 AL T—H L THLE BT %
ZEAIRENT.
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Fig. 3. Brain volume change with age in male children

Upper panel: gray matter volume (O), white matter volume
(A). Lower panel: gray matter ratio (O), white matter ratio
(&),
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Fig. 4. Brain volume change in female children

Upper panel: gray matter volume (O), white matter volume
(2). Lower panel: gray matter ratio (O), white matter ratio
(A).

3. 3 [t R

FREOMEFIIEIIIZEORE R TH Y, EMEICWY
AT EROMAEZ KL TWEZ LR D,
Z27C, A— ANOWMEEOIMBELT 572012,
HEWTRFZE 2 AT o 72, MR E Lo Braid, H% 1
F= I N= B ENT WD 1604 ATHDH., =
DOHRT—EHIICHEEL, EBICLLHEOEN
WAL CHBEAR&H72469 A0 9 b, EVEIES, 5
HAME, TADA, MR BSOS 72 v
442 N e RIS HiG 247> 72, E 512, MRI THE
%, i, EHEZEOREHTRNLL, o
MMSE (RRAVEA 7 1) —=» 77 A }) 7326 sl
FowBEENRE Lz, TORE, BEREILH
7158 N, 223 N, 5381 ATH -7, Fy
WiGHRIZ7THETH 5.

BHEFNIEICED 2 IKEAE 5 OF G % gray
matter ratio (GMR) & L CHHE L. K¥EED
1 M H OB LR 7 F1%0 2 B H OWBERFICB T 5
GMR z& L, wEHMHETEHLZZ LT, 14FH7
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D & GMR O #EZEH L,
e/

Fig. 5 133 7 4 O [FE T 2 \HEE L 72 #ERriF
MORBRERLIZLDTH D, F—WHRED 2 M8
BT AMET— Y ZEMTHATH S, 13TT
NRTOWEZTHMHETE & H I GMR I L Tw
L. efoEmE Bs e B (F) ik, MEET
g2 L [AKRICHIEG & & D ICHEBICHED LTV 5,
—7, &M ) TiE, BEICHETES 2 IR
ALTHBY, 50T EME L (ZIZFE CEE 2R
FTAMHED NS — v RIR LIz YRR Tld b
THRRETH R LEIHBEIIREN TS,
D 50 %A T GMR kA D2 M piAhsdy % milZ D
WTOERETHLH, ZORHITHRALEDH
B EIZIZ—3 L Cwd . THRVE TR
N DRHNE A 5 2 L DB EBRTH SN TH
D, BIREVERTH 5.
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Fig. 5. Longitudinal change of the gray matter ratio
between 7 years interval

Left: male, Right: female (Taki Y, et al. Neurobiol Aging 2011;
32:907).

4. FHOFEEICHED RITOZEIL (HEEHZR)

JAZTR L 729k 4 DR 5EE A D AT o &1L
T =& AN ST /AL OIEIfE ) BN S
RZICE L CEBO#RERH A, LarL, &
O ACEH 2 RO LT\ BRI 20 & A7z, fE /N
DOIRFEEIT T L TR WAL W,

WA, R MRIOTO FaVvo—>5ThbH
Arterial spin labeling (ASL) OFFEzHWw5bH 2 &
T, FRENIC, MEE L EENICllET 52
EDMREIC > T, Z00Fk4213, 2O
WA AR O /NE 2 e R, BRI E & 4E
e OMBEE, ASLEHWTHLNIZT A2 L%
RWFFEOH & L7z,

EWIEAS 5.7 i~ 184 i w /NE 202 A (1
95 N, L+ 107 N) 2RI, 3T O MREE%Z

pAS

FAWTIMRI # 8% L7z, Z0OB, TAD»A, 5
EREE, SIS OBEE, 1BMHREEE T Bk
FEHOPLOBI L. SRSO/RERS, K
DOIHRE MRI & i MRI % #/% L 72. JEHE MRI
(X, SPM2 % JH\ TR X 2 5 22 1 1 e
b, AMRE 2 ATV, IKEBESEEZER L7z, 2
DL XIHEONTBEELDINT X —F & T
it MRI 2 #Z#fb L 72, &I, #E5E MRI 23 L C,
JK AV ARFE THIIE S 5 72012, 7 MRI #JKAHE
MRI 55 Ch L 72, W{RFFEAT ) OB % Fig. 6
WRL7z2, 2oL LTEL N, IKEHERR
THIIE L7237 MRI % H\WC, 22 O BLOHEIIC B
WO, AEEN & NI E & OMB R L. 20
B, RIS HREEERZ T, IS OMBICK
L, 1 R~3ROEREEALEMEIT 572,
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Fig. 6. Schematic diagram of the image analysis for brain
perfusion analysis

AT OFE A, BIBHZE, BHTHZE, MBHZEL L, 4
s & Myt & OMBEIE, LIS 2Kk, HHW
3k TESNZ, T2, MLEESRA L
7 BHAERGIE, AITHZE T 12 AR CTH o 724, HIHE
TEOBHTEETIX 10 AR 7Z o7z, —F, REFED
fEfn & My & oML, TISho 2 kli# T
FEN (Fig. 7, 8). INSOMMED S, WKIMF
HOWRKNELGLEMEHETLHILET, Thth
DB BIT 5, WMDY 14 IV 72592
TLIEDNHREIL R DL EEZONLD. Tkt Ok
B olE, MIIREIE, SIHTATE, MEEHELZ T,
AIEEEIR D EIRAT L LR ENT. &6
12, BENTHE LA, —RFIZ L) EL
JIE01 1RV N o R =07 = Q1 R
WERRKIZHEBEZELSHLERII RS, 2F 0, —
REFITBHMEZALDR C, EIREFIE—KREFIZ X,
BENTHAT A Z ehvRaEnsz (Fig 7, 8).
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Fig. 7. Correlation between regional brain perfusion and
age in each hemisphere: the frontal lobe, temporal lobe,
parietal lobe, occipital lobe.
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Fig. 8 Correlation between regional brain perfusion and
age in each hemisphere: the precentral gyrus, superior
frontal gyrus, middle frontal gyrus, inferior frontal gyrus,
superior temporal gyrus, and middle temporal gyrus
(Taki Y et al. Human Brain Mapping 2011; 32: 1973).

KWFZE2 5, WMOBHEBIIBIT 5, FEIHE) F
i & IR E O ZALHS N 572, TNETD
FATIFZE A 51%, FEIC L BMIREDZEALIZB L T
BHEESREDRH 720D, FrlZWDT, MK
i EAEH & ORI & 4 OFEI TR S A L7z

Fik L s AR 2 R L T b e EZ b5
A, BAENE, BRIRZSEORNIL Y, A AR, KO
BB LS OO LA L TWb EE2 5

L. HEoT, AWELS, WMOEDY A IV T
RSB T 2 S EATRRIC R B, ThHET, K
E—RRICE AT ORIA, B2 HFHA, —RE
#%mﬁﬁ_ﬁﬁfﬁﬂEEWWﬁﬁbﬁﬁéﬂf

WBS, Feald, BN eE & FEE s OME» S, #
DL &Hm@&%&l@ﬂb%@%# L7

INLORERLSIX, BEISE kﬁ%h@“
E@&fiyfﬁ%%#h&%;&f,Wz

i 4 DHg) DRESREDSH] 5 02 7% B W e tED &
D, FZWOBAEE SRR S TV 5 BEE A
N7 b7 AFEEBORECHEN 21T ) L TEERM
ReEZEZOHNL.

5. Hiﬁ"ElEiﬁff’) (BiEMR) DrERET
WRIK I E A E B D B 5 12D\ T
EﬂLLf:. fENT X T 702 44, K758 %4, A FEF
1460 %2/ G L L Tito 7 (HFELT—F N~
). HERE OTEFET L MBI A EEE O
EVE OB EIRTEA, T abLIKHERA D
fabE R 2 et Lz, BARmWICIE, BTk R
MEzitREE LT, £, M, IMmE, BEGE,
TV a— VIRIE, BHEfRH L &R M AR E T
b — %45/ € 7))V (general linear model) % Fiv»
TR 24T o 72, Z 0N VBM (voxel based
morphometry) & FFIZAL, = WRICHI5 22 12 R B
LAWEZT LD tRETH 5.
FEAT OAFER, PHEEIME2SE W (Fig. 9) 2 K
%Fﬁ@réﬁﬁaﬁ‘(ﬂCQ LTw/., &St & IkHE
FICHOMBEOH o 725M01%, BB AMMANFE
M O EIR D 53 KB A S T 5 AL TH 5 A5,
ZH) TRV R e

PN

b &) !

Fig. 9. Brain regions that showed negative correlation
between gray matter volume and systolic blood
pressure (TakiY, et al. Neurobiology of Aging. 25, 455-
63, 2004) .

AJE T OV 3 — VB EE & R TR EI’?”E'&#,\
DI %R L72DITHREETH - 72 (Fig 10). ¢
T a— )V EE T, W o RTIEIE A
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BIEPHOENTVED, HEICE-s TR L
7N a— VERENS VI, GRTEEIED M
TAHIEIIREINTZ, —TF, BIEIZOWTIIARE
MR SN0 o 72,

Fig. 10. Brain regions showing negative correlation
between gray matter volume and amount of life time
alcohol intake (Taki Y et al. Alcoholism: Clin Exp Res
2006; 30: 1045).

AR & BOMBE R L8 iEEELTH S
(Fig. 11 7:f). E#HH 5 WIEA ML RAIFavF
V= VW R AR L, Z OMER TR oM
WL HZemonTBY), BEEENERTDH
. UL, EOMHBEEZRTEHMAL (Faif) b
HENTEY, ZORRIIAHTH L.

F72, WRER S VA, ) OEMIREICH S
70 %L EOBIET ) DR OB RS I3 E &
T, RIBHENMIROIKEA-E DA LTz, ¥

Fig. 11. Brain regions that showed negative or positive
correlation between Body Mass Index (BMI) and
gray matter volume (Taki Y et al. Obesity 2008; 16:
119).

6. MUEMELELLDFEZAVIEERBET
TILDEE
RO O FHRMREH FEN TR L o T, R -
PR OREAER 22 IEF I TV 2R T 5 2 & 2 3
72, COEEKET VL, FHEICHWZHORD
PR R X 5. E-> T, HHE L TORD
TGO HE I TH 5 1E0 D) Tlde , EwmME

DFERPET S LK) FRAVEZ & Oz &
DOHBIZW S AT L DOBBIZOEHTH 5.

HFREIBIOEH1 7T X—2ADOHERED
)5 (Table 1), MMIMAEEEE, MIES:, &5 HEW
BreHdrE5erwictedfge Lz, Thzh
B L ERBIOEEIZ 51772 (20, 30, 40, 50,
60, 70 %A,

PR L2 FEY ICdk - T, SHoEnEh
D% & % —2 DP~NEMHEIRTE L COEEL &
bed L OBEE (X7 MV) ZEHEL, 2ok
MDSw/ANE B &9 g —0EY, Thit [BHR
B (R)] &EFRLA. KIZ, ZNZENOT %6
INT A —% affine B L > TEHMRICEE L,
WETEZFHE L. BHERZTICEETLL 520
deformation ¥ b 1) v 7 ZIZLLFOFEIZ L - Tk
W7z 1) W R % 12757 A — % affine 2% v
THE R ZFHT 5. Y RATI O affine ZH#/37
A —% % deformation ¥ bV v 7 A AT 5.
2) WE R IERIL L 24T 9 elastic transformation
TNT) AL % HWT, HEREE G TICET
¥ % deformation ¥ M) v 7 AB%EHT 5. 3)
Deformation ¥ F1)) v 7 A AL BDOIEC x#7tHT
%5 (C=BA). ZOX M) v 7 ZXACIF12/87 A —
% @ affine 254 & IEHIZ O elastic transformation @
M7 & &ATWYD, WA - o7 V—712&ET
LENZENORIZOVTY M) v 7 ACEFEHEL
72 (n=FICEINLWMEEROK). DT, BHIE
THTRCTDOCIZONVT, (xy,z) DT IEIF
BEZINS Z LX) PHEME RO, KRS L
OM %S (R) ICEHTAI L0k, 4
- VRO (=18 Z5t8E L7

Fig. 12 3 FHEROBHOFME G LR L2 d
DTH5bH. WMEOEEXIKT L, 20 TIE
HIIRE D A XA/ E GBS, M e & D IR L
TWa I enbhd, T, WE fFCorey
AELDM & & B IZHAR L T ZEiE D3 HE1T L T
WhHZERDNL., KEDORKIZOVTLERAEZE
ITo72h, FOFESHEON, 29 2o k)
2, BHERECDOZEE Y M) v 7 A Wb
ek, KA, HHNOTFIENN (= EEELKE
TW) EREME L7 Bo B ic L s R
TFRELDZE G CEMAOFHMIEEZRT Z
ENTED. T2, FHER~ N v 7 RIEF
YA x, y, z TR OF#EFEEZZH L TW5HDT
INEHATLIELICED, MEONSE D —
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DO DILEED N T v F OHEHNIZH 5
ME)PEMEIRET LI ENTEL. EoT,
O & BRI BN o B B R W
VAT LAEMETEAZ LIRS,
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PEOE000

Fig. 12. A standard brain for each age group in men
computed by averaging transformation matrices that
transform individual brain into a template brain

The images are shown parallel to AC-PC line from —30 mm
to +50 mm.

Fig. 12 |78 L 72 Pk fg = 51 H 5 2 # % T,
ﬂk@h%@ﬁ%*’%®M@@(%$hﬁ%h
ETN) WERT AR MV EERILICEE
3 RITZEM I Hé%%?bUﬁZ%i&Lt.:

DA< b 7 AT PIGRER £ 7V & AH 4 D
BEDOMOILEEZZR L TWHEEZLNE. £
T, FHER~ MY 7 A% FH L TRIEEOH#E
NEZ BT 2 LD FE 2 a7z,

KIFFETIX, ZNENOMEIZBITLEERY
NVD 5 AE &R % 72%, Euclidean distance
(EUD) & cosine similarity (COS) Z#EiE & L C
w7z (Fig. 13). EUDZ 220X 7 L D#E
DORiEE, COSIE22DNZ MVORT HOAGET,
WIENRD 22007 MVOFEUEDIRIETH 5.

- EUD

COS = cos@

Fig. 13. Concept of Euclidean distance (EUD) and
cosine similarity

Fig. 141%, X7 bVOGASTy =2 &, FLE

MY $ % EUD & COSDAE S %R LS
T, ZZTIEXRZ Mot Thas. COS T,
il # DXZ SV EFENRT MV EDRT A O R
2RD, 5007 MVIZOWTEHE L7 (mean
COS). EUD b [kt TH A%, "7 bLOAkE S
WL BRI FEERT L7720, FHXRTZ FLOKE S
(Lmv) T LM (CF¥E%®AIL EUD =mean
EUD/Lmv) #Hw5

Fig. l4A 1ZX7 M VoD & {Hiio T2 Y;
AT, COSOFHIZ1ITEL, FHEHEA
EUD i3/h &y, Fig 14C 137 MV F 1 H3 -
TWHRWEEORFIT, COSDOFHIZ/NEL, T
Z#[LEUD WG KRELC R D, BN 7 AD
COS & EUD #5895 2 kf FHFEIZBIT S
I bV D5 A IR RE b HMIEREDOME N
#@ﬁﬁ#hﬁf&@iv L TWEDE
Yy YT TEL NSNS, KI5 TIE
EREEO v b ORI % FH\v T EUD & COS % {4
L, WIERBOMEAZEDORB %R M7z

A B C

o 4N w & &
S R
o =« M @ & o

. .
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o o
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Fig. 14. Behavior of EUD and COS under different
distribution pattern of vector

IR E TV 2 RO FNEIC L ) FER L 72,

e FIEO B A M % Fig. 15 125RF. 1) Lok
T, 0B MEOME %D 5 5, affine ZH THLD
BRERICET T 5 & IR b £ < —3 T 2 hm%
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Fig. 15. Computattion of aberaged brain RI
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Fig. 16. Distribution of EUD and COS in the averaged
brain
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Fig. 17. Distribution of mean EUD on the brain surface

Mean EUD was larger in the occipital lobe compared to other
part of the brain.
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FELT—IRXR—APSEEH (18—405%),
B (41-607%) B I UEER 61-80%) %%

NEN 350 4T DOF v ¥ AIZHEIR L 72 (Table 2).

Table 2. Subjects used for network analyses

No. of subjects

Group ID  Age range (F/M) Age (year)
Young(Y)  18-40 551 (231/320) 274+68
350 (158/192) 27.3%6.7
Middle (M) 41 -60 560 (331/229) 509+5.2
350 (196/154) 51.1+53
01d(0) 61 —-80 560 (331/229) 68346
350 (196/154) 682+40

*Bald and Italic characters represent number of subjects and
male/female ratio in 350 randomly selected subjects.
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Fig. 18. Correlation matrix between brain regions using
regional gray matter volume across subjects

Center: Pearson correlation coefficient between two regions.

Left: binalized correlation matrix between brain regions (black
area = correlated)

Right: connection network expressed in the anatomical space.
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Fig 19. Age-related changes of network pattern (small
worldness)
Upper panel: integrated economical local efficiency (XE.)
calculated with cost threshold range of 0.11-0.25.

Lower panel: integrated economical global efficiency (XEgqp)
(Wu K, et al. Human Brain Mapping 33: 552, 2012)



22 i H

. ZEup BEIZETFT LTV ZofEHRIE, % b
T = BRI DSy — 2B LT 5 2 e %
IRLTWS, BEIFELIHEIZILEEZ NS,

Fig. 20 1 modurality f##T OFERZR L 725 DT
HohH. K, PE, CEBERE, ENENS5, 6, 5
@ module |277E &7z, T OH T module [ % &
4 % inter-module connector (E) O i34,
AR, BEFETENREN, 109, 99, 69 TH > 72,
¥ 72, connector node DT Z L, 49, 49,
24 TdH - 72, WD modular 1 i& O EAT 2 5
module H D IFHIZE % # U THEEOTHEHRD /N7
HRE % 72 L T\ % inter-module connector, 3 &
O KO TIEMRIZZEDO I % 8 U CTHATICH
5.9 % connector node D FASH#4E & HHAETIZIZ[A
BCTH LD, BETIEINS S OHNEL WD
TLZENWbyrol, T2 b, HbickoT
DAy b — 7R T T2 E2ERLT
Wz 10

Young Middle

Fig. 20. Modular organization of human brain network

Different color indicates different module.
N; connector node, E; inter-module connector
(Wu K, et al. Human Brain Mapping 33: 552, 2012)
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