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Data acquisition

Preprocessing

Primary processing

Additional procedures

* realignment

¢ normalization

« slice timing correction

» spatial smoothing

|

removal of nuisance variables
detrending
band pass filtering (< 0.1Hz)

rs-fMRI data analysis (subject level)

Seed-based functional connectivity analysis

@ Selecting ROI
- based on previous research or anatomical
information
@ Extracting time series data from ROI
@ Calculating functional connectivity
- correlation coefficients for whole brain
voxels with ROL.

Independent Component Analysis

® Reducing data using PCA
® Choosing an ICA algorithm

- Infomax, FastICA, Jade, SIMBEC, etc
® Determining the number of components
® Reconstructing data

ReHo (regional homogeneity) analysis

® Selecting size of cluster \}

- either 7, 19, or 27 voxels
® Calculating ReHo
- Kendall's coefficient for the concordance
of cluster voxels

(f)ALFF analysis

/@ Analyzing power spectrum
@ Calculating ()ALFF
- ALFF: summation of power for a specific
frequency range (e.g., 0.01~0.08Hz)
- fALFF: fraction of ALFF divided by power
of whole low frequency range (from

K 0.01~0.25Hz) j

Hurst exponent analysis

-
@® Calculating Hurst exponents
- for each voxel using time series data

\.

Graph theoretical approach

® Selecting nodes
@ Constructing network
- based on correlation coefficients from time
series between every two nodes
- generate connectivity matrix
® Computing network measures
- degree, clustering coefficient, local/global
efficiency, etc.,

!

Group analysis

-

brain map

~

/ROI analysis: statistical tests
- Independent t-test
- Paired t-test
- ANOVA
- Correlation

- Regression
¢ J

/Whole-brain analysis )
- Independent t-test
- Paired t-test
- ANOVA
- Correlation

\ Regression )

—

network
measures

Network analysis

- Test for small-world
network index (o, A etc.)

- Group comparisons
(Independent t-test) for
local/global network
measures

Figure 1. Examples and procedures of the methods for rs-fMRI data analysis
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M3 - 4a2F / FAI e IMRI(rs-IMRI) 241 78D} s
Table 1. Examples of toolboxes available for rs-fMRI| data analysis
Toolbox Reference Preproc-essing  Seed-based ICA ReHo  ()ALFF  Hurst (;Ziz
Chao-Gan
DPABI & Yu-Feng (2010) O O X O O X X
REST Song et al., (2011) X (0] X O O X X
Whitfield-Gabricli
Conn & Nieto-Castanon O (0] (0] X X X O
(2012)
BCT Rubinov X X X X X X O
& Sporns, (2010)

GRATNA Wang et al., (2015) O X X X X X O
A7 Asel Bdo] gle 7he] Wlor 38 opH7RA] of2] ARte] ZA3 BOLD 4l
o steAlddl dai® =Ao] vk vy oigh FRI} 2Asta St o] AREE F
AT7F TFolv AdHET #HH e 24 Al B YEiME AAYE ARES 4
58 ¥3slu YA TH(Weissenbacher et al., =g HkgddlE dhte] A E(indeE  AlXVSF
2009), °o] A5 FHE At dAE & = o] aFEH=H, dAFA= ARl AT
AsAl ke FF el yehd F Slo] of  Egdd wgt AAE ARES o9A Ay
s WA #e d7Ase] e W AE Aok Ak
(Murphy, Birn, Handwerker, Jones, & Bandettini, MRl AR E A3l WHE B =i
2009), I e gro] AWk AZE AA M RS WY Qo= Fs] WAL 2
BHA] @rolx= YUEFUT(Fox, Zhang, Snyder, & T =522 78 dAA4E By W seed-7]
Raichle, 2009), HAI4Z o Qle AsES W 754 dZ24 24, =3 A48 &4), &
AAsks Aol T 49 3 A #AE A T AL dEs AvEe THE
o Rz 'R 4 doke As 5o, A &4 EA B, AT AE 74, Huse
A A5 E AAsks Zlo] BRsithe e AF 24), 223 YEYA EAaY ol
A A8k ATAFS(Chang & Glover, 2009)% 31 7|9k YEY A EA)o R o] AuEuz
o] Aate] 4153 Aol Hasit. Stk WA 24 el 2 Adakeh QA g

A AFelM e & AHIE ERHAl 20

rs-fMRI At 9] ThF3 A Wy & 5, Zhzhe] wWhgol zta Sle Ayl o
& =ole Aotk

718A0 AAHEE v MRl AR = kA AF3 SPM, FSL AENI toolboxS< ©]
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BOLD 455 F&Esta, thE 74 I99
BOLD 41% b AAsE Adtels daE
AZth olgld AL HAE e EE T
gdo] A Hgdoan EF T o9
7157 924 AZ(map)7t WHEAAAH, °o]E
A A AMeT ditHor vleA A
27 dg FAENS & we Aw AFo

& Jl= AHgst

seed-7]8F 754

o
X
>
i)
o
o
e
ok
i)
N
=
td
A
4
A
of
2
=]
=)

}511
FA|-719E Ao A AR B4 G (Region of
Interest, ROD= AHEE 4= 1om(el, Biswal et
al, 1995), A% Aol Hud Asss F
aste] AASEAME, Guo et al, 2012), 7]&E
of A AR e A T Aw
(all, AAL atlas, Harvard-Oxford atlas, Dosenbach
atlas, Broadmann area $)5 &3l AR
4= ATk, Song et al., 2008).
olglg 7154 AZAA A Wi

2%, ¥ 995 % 7154 dZde] 7]
(Hampson, Driesen, Skudlarski, Gore, & Constable,
2006; Sheldon, Farb, Palombo, & Levine, 2016),
X Z (Adelstein et al., 2011), X]%‘(Song et al,

- 454 -



=2 / =A HEf IMRI(rs—fMRI) &4 7D} siA]

2008 59 AIAet=
Bl 7H 431
ol A el whhippocampus)©F A ] 7]
A dAde LA AdEe 7Y

A1zto] o Aol f2ln| g o (Sheldon et al,
2016, AP BA UEI Fahs w9
A %3] A dorsolateral  prefrontal cortex, DLPEC)
I 9 2 e AT 4999 71s4 o
AL AA AT S (performance-IQ)H F(full
scale 1Q core)E F-2 0|8 o] 2819 ThiSong et

al., 2008).

o

D Tl seed7| W 715H ABA ¥
qe 157 Aadel W

Mg 283 dFsEe 7
3} & zol7b %25 (Greicius et al,, 2007;
Sheline, Price, Yan, & Mintun, 2010), % S(Kelly
et al, 2011), F8 ZH/2Y SIFTT(ADHD)
(Tian et al., 2006), A¥H ~HEZ Zoll(Kennedy
& Courchesne, 2008; Khan et al, 2015)9} &
theket FA oo} Beo] gltk= Aol &
HAk ¢35 A dFeAE wlS A
3] A (dorsomedial prefrontal cortex)@} Hj ] A
A5 3 (dorsolateral prefrontal cortex)(Q1A] H-A]|
YEY I &3, AA T (precuncus) (7] & UE
Y=o &3h, aeln FA Al #Hs)
A& T= U8 A (cingulate cortex)2] 7|
A AAge] $2F5 JdelA F7HE Aol
Axo], AA], A7 |self), BA A glo] Holdt=
HEAA7E ZAetA FA%ds Zlhot wiring)©]
T2 S, A A £ A, A=
A7)-2H4A AbaL, BA A9 ofelg)dt #
17 5194 thSheline et al.,
2010). §5 AFolx] A $-&F5 At

A Z7h RS AT A4

=L 9 o

N

=

oz o dr

O

716 ARl AZEC AFF oz
(SSRD) 7ol & &5 SAl I Aad A
< WAS O EM (Wang et al,, 2015), SSRI2] 2}
& 71AE olsfst=tl 7149513l

Seed-7|HF A WOl AAe A8 Aot
iAol olalsty] ke Zolth WA 99,
Z seed FGRE Ao 1 T G| FA]7]
BOLD 4139} ThE T4 D Al
FH AT g AR e d &)
ARk A FH9s A oE vEHAE
ZAteleE Aol B7153 tHvan den Heuvel et
al, 2010). 2 HoA oo ailste 59
A EAacA) Wl seed G FHSHA

%8 AFHE 478 5 Arke 3ol 9

O:

=3 A% EY(independent component analysis,
o)

(cA). e EFe AAL AL tehit
=949 AZ4%es Bela U Y 29

PCAE A2 Auste JEES A=
gl ICAE A o F-¢F BAgle] =74
AEES Zoplledl 1 F4o] Sty Ayt
O 2 ICA7} PCARTE A A 873t A9
e S Bo] Wol ARgETh
(Mutihac & Van Hulle, 2004). g o] W2
seed-7|9F AZA EAIAE FAk 715H A
24 s AEe Flo] Do A (Rosazza,
Minati, Ghielmetti, Mandelli, & Bruzzone, 2012),

Fg40 A ek AW 1cAe) ¥ A2

o)
o] AL, %

o}
i)
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S=ARISER] QUK Y ME

e A o5 2 dAxE FPdn
(Calhoun, Adali, Hansen, Larsen, & Pekar, 2003).
A, AR A A7Ee] MR AR E
ZA3e H(combine), Akl o Fe &
ol7] #lal PcAS FAITL °lF ICA LaLe
F(°ll, Infomax, FastICA)Z A& 715, 21, 30
e AR + EAS AAG rAge R
Adniet =9 A2 3 Bxeh AAD
AaE doz AAFE Z(back- reconstruction)
SAA A FIdIY I 1cA BA S
FstEd FE3 toolboxZ  GIFT(heep://
mialab.mrn.org/software/gift/)” F i g Aot}

ol 71 o] 7o UEAAY FHA &
X5 AR AFEE Y THBeckmann et al.,
2005; Cole & Schneider, 2007; Damoiseaux et al.,
2006; Tomasi & Volkow, 2012). A Zo|A AF
& el 53 UEAD} o $UE 5
agglT B ohie 94 P
A9l 7154 ddgel Aolg Apsheus
AgEgie g Sol, 2AY S5l 44
A7} e, F47] £ DN A A
E927h A74E nelths Aol o wio
2 Foly Oigafri, Pearlson, Stevens, & Calhoun,
2008), 4 vhe =@ S 754

dol & 7FeAE AKX o] WS
3l Ak FrAE] A Hole A
< 2] DMN FER7F ZARIE FEE A,
DMNl| && 7 o4 7+ 7|54 A4
ATt 4 AR s Belte A
3}l =] 2 ThAssaf et al., 2010).

ICAE seed 992 AT D9 gla, o <

o Ao AH &A= UEHIAE

l
T
[

F Adtke Aol itk aEy 4 Anz
U 9y 5§ AEE T A7 A" S
23 QRS A5t Fe(noise)T AT Al
T2 FEFoF ITE HoM, F AFRE §
Mabed] ATate]l Ad AAd A <&
dthe ©Rol it 7 FtHoR Exd
=Y AREY 7154 988 fFske AL
M T 999 7les FFAY, 2
THAQ] seed D] 71eH AAG HE&
sldshs AET ER B3] wiolth 1
AT, ICAE B3 ded 249 FASolu
A Sl ok Adeld Fas Eeste] An
oA AMAL = gthe Aol glom, o] &

‘%Lr%(Kundu,
Inati, Evans, Luh, & Bandettini, 2012). & ol|&

et al., 2014; Tohka et al., 2008).

R HE 24 A
54 5 999 FA71 4% £F A
W A, 2 0 gge] FBAA FF]

E2A, S2Ad deiM e dEFA

%4 944

= A7} AthZou et al., 2008). AA7|A =&
ATHES 754 A2 B4 A o
gk dijte =z, i Fu Jde ARy &
T 9" 5 58 BNstua & o A
At B =wddAe olelg Wi o= g
Ty A9 Wl £3 yoxel 59 B3 S
2AFOEA J15H AR S EAtE
o4 FA4ReHo) T4, T4 9499 F
47 #% $2E FYHE AFE AF
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ro
o
~
40%
0—>

S fMRI(rs=IMRD 244 721} 3iA]

(amplitude of low frequency oscillation) ¥4,
/_\_1]7"’ EO]— ‘:5—4 ilEg] E_XL/H% .ﬁ:@t‘ﬂ- Z':
9= Hurst A T(Hurst exponent) HH% 0=
Aoltt. el Apa 9B BAske A2
HES T gele] FA7] 2 A

TP A T B4ste] #AE ofdske A
ol(Zou et al,, 2013), A1 AA| 7|52 #HA
so] gle Al 7AES olslsted 71ds)
S THel, Wang et al., 2011).

T42d FAA  E2(regional homogeneity

analysis, ReHo). 715422 FALS EAS 7}

A& F9+= BOLD Al57t AlZbH o2 fralgh
M B Aojga Ags & & 3l

te o
4
_E

(Zang et al,
o= :1816& 54 5y
4 (regional homogeneity,
TAAA 9 el
&3 voxel 59 A 5Ao] AL o]

ghe 7H stell s

fr

A o]th ReHo

Ao A A 7)W (MR AEE BASH)
Al At oy, s-fMRI AFES] Ao

2702 2 W7 SAEAY FAH R,
ReHot 3t voxel} o]} o] 23k voxel B2 Al
A Az FA9 Kendall®] ¥UA|=
Az Askshd, B voxel o2 01%?71]

=
A=,

AR =R (HS Feke A T, W Ee

BAE S Ffrole A1 1970, ¥, BAe, &

o REo|Z T g AL 2770 o uwet A
o

1
Z % ReHo#to| TET} rsfMRI A Foll A ¢

ReHo®] ZEE 7144 *JHMVM 5 8%

Song, Jiang, Zhang, & Yu, 2011; Wei et al,
2011).

ReHo A9 AxtE AW EHA, AXE v}
Z A GAE el HE voxelnbt} 17
a3 voxe 577N, 1970, F& 277D AT FE
o] F#Hs ALkshE g 1] ReHo map©]
AR, 3% 57 BAEY 2
Aol ARE3ITE ReHo 418 AAstzAt &
w FolsfoF & M HAe A AR
e 334 A3 HA] o Fo]thChao-Gan &
Yu-Feng, 2010). 24 AF3 HHA3Z} A= A
st JEHIE Eol7] S8l & voxeld 7H7bE-
AR e voxelBES 1 AEE 2F
3tE A Afo|th. ReHoZb 3 voxel® <17 et
o] A& AlgE Altste ARl o] F
A RS AAA HH o] xshe voxel 59
BOLD 2157} v~ frAbelxiths =417} op7]
Ao weld 0 gus Axew
skl AHEE Ade] A7]= ReHooll A3
How Jaks mAe A o] Hrh
B3}t of Fo wep FHEAS Hole Holi
(cluster)®] 27|17} TH2A Yebd 7FsAdel 9
7] W&ol (Zang et al., 2004), A& ZhE
o7} 83l ThReHo Aol g ApAISH A
HE M E Zang et al. (20045 FaLd}A]

;

°] map=

v}

voxel &

L
,EIET__:

X

o
olgl W EA0] =92 HZ 3 ReHo
e Ag i %Low LA R
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st=dElEElA] s X W=

< 714A H4 5EA(Gray, 1982; Gray & = XA Bl e]l A #HANT=
McNaughton, 200009] 7Ho1xte} #& & T3 AlAletE H]
ol ReHo A= Tl Husert shd HAEAHES E=stolH 2l
(Hahn, Dresler, Pyka, Notebaert, & Fallgatter, T 4 A JEE ez A A
2013), A%5(Wang et al, 201D°] AF g9 cXe FF A HdNo, 4= AqA Gl
ReHo®t #do] Slthe Ak AHU de 4 Jehwen, E=steln] $akap) Jet 3¢
=
=

£ DLPFCS} 8157 & (inferior parietal gyrus)2F  ReHod] Z}el7} W& AAF fd3} = HAA
2ol FPeA HEYZ &3 74 95 FolA TAHAH o o2 AAES oF
o] ReHo® HAAGAFEIQF £2F5 & 70% °% FoatA BRTezA, 924 2
skedl, ole AA AT AF7E =2 Y ool &8 F e F(marke) & FA ReHo
T5 HAYeA HEHI &It I o F8IbsAdol UFol AAEUTHZhang e
T 99E Y voxelEC] A E CHHA F al., 2012)
Zthe S BHoFe Zoln, o] 99E59] ReHo T4 WPH-E seed-7|WF 7|54 244
NNeALRE e &84S Holx g e BAF 29 seed7t BO3HA o} af R
& AARIHWang et al,, 2011). ReHoe= 9 JHdE Fe = kA gow EA Az} H]
ARG o] whgt Bl Hg] A wA gHsithe ool k. wak zwkAel
£ B e Ve HY FE vk dE FAY] 7 2F i ARE ATsiett
g0, A 2~HEY Hojasp) &Ate] A5 = A= ARols Az 2y ReHo &
FHbe] o] Yol SHE ReHo’t B BAE VA AEAA BAI fAkeAl A
el wlste] E=AWYE ST, & 5 % ATE Alrtste] Abget7] wZel, 7 9
has ok A Z3hsle AfolE Hole Zlo] 59 EF Fd daiA LelFA Rdta

HauEw, ofgfgk o]z} ASD #abEe] Hol  AAHY, o] SHATE FA7] 79l glucose

= HB Ak 3 e A7 e 2 e 34

PA QL A=l tigh wkgoly 5]

THoR FAANES AFedel AN A¢arnsh @
=]
=

3
024
_E
i

A ThPaakki et al, 2010). W] <kobHF A Lol A
A2 Tgedel AT WAA G
v T dHollA] ReHoZb AdtE o] gle A-Fo¢ A% 2 (low-frequency  oscillation
U, 2% A 7 e B S analysis). AE7HA AR WHEES T o
SES JAA A, FE a9 A A4 T B 999 YolA(duster) W voxe B
4ol =4 GGEY ReHoot 23l AH 9 7eH fFAM FES olEistel =i

HNm

4 -
FoE Hole Zlo] HuH7E StATHYo, FAIN HE T F99 FA7] &F &
Wang, Lu, Liu, & Teng, 2009). ©]= ReHo2| 3 Ao daiMe dEFA FIge= A7

b EE gavot 24 AAE A9 U9tk ol olds] A AE Wyol

E
_,d
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%

2 E(low-frequency  oscillation) S
sted e a4 Ul Als A7), e A
A A71E A= 2otk Zang F(2007)
FA7] FRF Lol AZHE WstE HolAl H

=

+ BOLD AlzmFet Fu47t bhE 459
g;ﬂ)oﬂ _1_51—;9 oz 21— ol—g%;( —’,L—F/loﬂ %%
(fourier transformation)= AA|ete] Fuk= HE

Ao A7E &S 94 Z\_—,E%(power
spectrum) = AlRF 3 T A FukE 190.01~
008 & 0.1H»Y FzS gdozsn A
-F34 3% A 7)(amplitude of low-frequency
fluctuation, ALFHE AlAbslE WPHES A ekskS

=

Ao Aee FAske P A4
oz a3 2k AAE Rl MR A
4 ARES T d9ez 7R F UG
st Zgel Fo] A 3K Fourier transform)
< 53 3¢ 2dEHow WA e Ao

Aok o]F #A FIk ti(el, 0.01~0.08Hz)
o didste IFe 995 tis|A ALFFZ} Al
Abs) o] kg A Fo dlede xZo
vglel go g UNW fALFFE AlAtE AL, o
HER o] FZ mapE FA A o]
F A AuATIS e EA dig &}

Agt AL el E Zou et al. (2008)S L

E[Z
o Awd Be Y4 BE} Beo] v
]_

AAXH. @

= s}
@E-‘% FoulsHA oﬂ%‘cﬂ% Ao = et
(Zou et al, 2013). oS B9, o] He
SRS o A FA7) S

O M=

i
By
hiAth

2%l DMNY| &dhe 9954
17l A B2 2719 ALFFE &
AhZang et al., 2004). Zou “5(2008)
b voxel®] ALFFE A T34 di .01 -
0.25Hz) 2 OA] Wre HIE4 A-Fos
9% Z7|(fALFF; fractional ALFF)®A-S A|A&}

¢

ok = R
A I ne
N

x2,

o my &

N

om o] fALFFEA Al ALFF #47} H&
of FA7] st NE T e EF FE
of tig 2lElFa BEe A7E =& &
Aes B3k

o] A FE B WHES A
Ao R FHd Aled EAWHoR o] W
HE AHSE AFELS Ty Ay &5 &
F& $EFLiu et al, 2014), AH AHEH

2014), d=sfolH] %

A
o
==

ZFel(Di Martino et al.,

(Liu et al, 2014) S 2& HAdg s A
o] gith= AE HAAFU dE =9, AA

24 Belshe WE AT A2

A= T(anterior insula)®] A

A (medial
prefrontal cortex), %
3} At T A BEEJeH
2014), Y& TA B - A
SellAA A EAlel

(Liu et al.,

£ Ho]E ADHD °}%

LA, dv), 82 T 4 T3 B
MAT T Qo] FAY] BEFo] Pk

Hol AdUttes HuE YThLiu er al, 2014).
o] W& HAAEY A 71Y9Zou et al,
2013), W& AAI(Hu, Chao, Zhang, Ide, & Li,
20199 2 Q1A THWN ot 44 5

Z(Kunisato et al., 2011; Wei et al, 2014)2] i
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AAte} BE T JH9e gRlstE ] 240
71% sty 2Y T g ApiA &F
FEe ol Ague 2 AN Ay B4
d 84z I F Y (Cox et al, 2012),

TFEo] 718k UTKCox et al, 2012; Liu et
al., 2014; Zou et al., 2013). Z1#Y (HALFFS
AR A ZIA7F FolVbe oHE EiEY
stk Zlo] o] A WHe AR A FdT
(Zuo, Di Martino et al, 2010). 53] URFHo =
Aol AHgE= AFS g e sk F3
FE©: slows5(0.01~0.027Hz), slow4(0.027 ~
0.073H)S WHEe 232 Hu BEAse 7
F7F EsAT, 7 A Fuke g 4led
A 715 olaskAl Eata it wet
A MRIZ e A Faere] Ao F

gske] BA Wk ol E g AUt &
Tt PETH MR AHEE BAld] £H5ts
PET-MRI 7| A& ©o]&3l (HALFFe] 4] eh4]
&£AS oglatels Al EWielo et al, 2015)%
1 Eills LEU gk oojth. xRt & o B

Xl

Hurst A 4=(Hurst exponent). BOLDAI @7} 7}

A1 gl AFse] A5e) ARA Wale &

e A skes HHoze Yo dg3e W
E Y= to bgE WHEe] EAlgt
2 ZFollA Hurst A9*(Hurst exponent, HE
238 wslth, Huste ASGH B4 voxelo| Y F
o Fouit}, e T SHE=F

O

2 e ) BOLDAE S Az wE

(luctuation)y= A|AIE Als2 By I Az

2

A7F e AzaAe Bl Hxs 4
sow Hdste B4E AHgeE Yol
& 5

dE 5] olW¥ AIAY AR (daa)7} S
14 (randomness) =

HHgE FEFE= %(Euchdean line)o] 2
o] ¥ Thsee, Hurst, 1951). ©] WHE rs-MRIO]

E_Hl
H

J—

o] &ste A+ e FH AT Hust A5
7} 794 SHEE H1E 1 UTHBullmore et

2004)

AL 3 el At o] WS A&
3to HH 78}2} 1ol vl o] Hurst A7}
A ep BEo] itk 4Rl i JIE,
dE 59 WS 94 e, & AeA,
1A, A FellM ArAor "ol A

= retrosplenial cortex)?| 4] FEE = Hurst A
ok qBAZ HolE Zo] GUAAT. ol
ASD $Abso] A e Aow gl
9 e AR A% -
Astz, xR Fi
ARG FAY A8 7edE
01 ASDS} Tjreﬂol Itk 2= ?JXJT%E dA

k1
4
2
ox
o
e
ro
vl

™ —o‘/‘ﬂ Hol&= @E}(Wink, Bernard, Salvador,
Bullmore, & Suckling, 20060 =9 FHt
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=2 / =A HEf IMRI(rs—fMRI) &4 7D} siA]

(Maxim et al., 2005)°14 The] T
Hurse A|57F HnydeiEet $7lete
A2 ey, old A% w3l e

d 327 AsEA Y B34S st
31?4 Zl‘Jril A g 7led e r g
£ 7M(Goldberger et al., 2002)3% X
'5‘}*‘: ZAz}oltt,

)

r (

o
ox 18
1o

ey
=]
=
o &

}:l

2]

JGEC), 85 A2A, g AT A
oA #ZHE Hurst A5 FAHo] S B
D WA g ¥ A% L 394 4

s
A HEe3 B 9= % HE A Al (behavioral

approach system) W17Hg0] & LSS, &
S AxA, <ok AT HHe Fe e A
BOLD AlZoA] T =& FXAo] thA] T
A gl 2ol ¥ wte Aol ¥4
S THHahn et al, 2012). 19 T FIe
T2 St AlRA ol 5H A<
AAAN Ee BRI dehde 99 wE
(Hahn et al, 2011), B4 AH2lo] #oisle=
2 999 FA 717 F fluctuation®] T4 0]
=t Blo] A 3 A(BEAG dF A ©]

g wreAo] =urte 7129 WHA(Hahn et
=

HESZ 24
H A2 T AT 2

YEAD 24 g2e v
A9

4657 A4

rhu

o]TKStam, 2010). ©] HITHL FHE o
Z(node)$} 15 HAZdtE AAl(edgE T3
shte] YEYAR By o YEY A9
T HEYIE Pt ANE =9
< A Bz 3 olg B Fa%
e 74 =EEE)E oldshe
oot 7152 )
T2 HAGS ofash=H 7ok

PRURNR (e S B 1-r

HE o oX oX
2 odle

[¢] USL
oft
ol

ﬁq
v
+
Al
o

el

m
__(‘2
W

&

JPZ-o]E YEYZ H 2 (graph-theoretical
netwotk approach). rs-fMRIE ©]-8-3t 7]‘:—@, o
A& Ttrdste d
ol A(Taylor et al, 2012), %%?‘,i_.} bl
JEHE—OIE HEAZ H29S & F ok

A8 A A Wsocial network) AT+
A Oz o] E2E T HEHA #

Aol Agslmal s AlxolA wEHAT

QAN ol A o] e vhre] T
o 9oz FHE WEADY WA 5
Auwer ohjel, o] WEADL dolA AW T

5 odjeed 242

4 #d MR = A&

o A
_Q
)
M
1%

o
o, 22 Aﬂ*o YEAJHE w25 71 F
o A=7F #n ZEAoH, 7)Fol frAke
REESE AR U AEAGS B o]e
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S=ARISER] QUK Y ME

7l FH7E EEAHola wWE FHAL7}
ThedtEs 2AEe] slvta M ge on
CKBullmore & Sporns, 2009). ©|& 7} 8ol
7o EYIE N T dH9or oy

2
b
[
o
—r
i
of
12
il
o

T2 A £ EYAE Fs] 9
1 AH AFE o] Fozl
RhEook g
ok o]F MEAIE " WHor Ao
AR, B4 4d A A2 1
g AQIA|, AAE o] U3Hbinary)E HIA]
MEeas 24, g8 A 584
I B Qe UEYA A HEel, 22 Al
EQA A (o), A, o AlF, AW Ze
4 e AMstd UEH A 542 Aue
T Aok A B xR,
ol&l rsfMRI Gl thet T Zo]E YE
93 B o T2 W3} FukE e
&el ol l—zr 1% olgfst=Hl 71odsta Uct
(schizophrenia)& ¥ WES] A
}E]ULTL OLEJV‘] o 23

AAA 3 H(connection matrix)=

ot & W

Ll
il
r rE
rﬁL
o

§
S
-L
L
fru
T
L,
2
r>4

117
Elacy §iﬂ{Lynall et al., 2010; van den Heuvel et
al, 2010). =8 A= FAAA Hla] 2t
2 A HEYA EAo] ZAasigion, oo
9 d245 Yehll= A5, AF(degree)
o 3 =S dHelle A, 23 A

'/f‘(clustering coefficient))7’} 74A3F Zo] Tty

rﬂ

l(Lynall et al, 2010), ZHY A5 ¢}
PF2 Adgo] T 7154 51101%19]
a3l B 9lS 7hsAo] AlAME A 4 ?‘i,
2 Wzt eutEe A EY %}OH(Rudie
20124 Fz3to]™ $AH(Zhao et al,
201259 A¥A Y EYI 232 Tt 754*}

et al.,
of Hle} Astd deigte A= o
el AU o] e, o] ®

W (Zhang et al, 2015), E‘i}v%Tschernegg et
al, 2013) W ofue}t H]WHMarques-lrurria et
al, 20153} % A3 Z1AE ol

710
E
det=dl AEHa 9

EE -
l‘lO o
L
3

=

il

RN

=
ox
(o

p

41 —Q'
A=)
w
K
o
Y,
o

A9l voxel ES EER
s AANYgs o,
B HAd At @AeTE,

Z2o] FEALTE AS1Qe] =
o] 2% % tHvan den Heuvel, Stam, Kahn,
Pol, 2009).

JYZ o] E HIHe A AF, FL& o
£l 719kste] ROIE AH st 3ol 875 =
seed-718F 7552 AAA BAHH Ze, ol
718 glo]l AA o dHFE =5
A ATE F dvke o]Fo] Sl Rk o}

Yzh ICAY 2L seedol|A AREA 7153A

2o r:L

=

Lm
320 >
@ oL
} E _o_é
W b =
St
o
o

s 99 rr ui e of

E

it

gt
X,
H
b
Y
r [¢
i 4
o,
_)|J_|‘
¥
H
I
L
fol

o A Ets Aol 9l
ag ddel el oln 24
A4 deld, 1 Gl

o9

o, N,
[ N
ox 18 >
ol q
flo \l
(e
it
i,
o,
:?L_l,
_?1_',
4
0
fr
[N
o
M e 4@ [

>
o
i)
.
Lok
)
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sl - d2F / FA S8 IMRI(rs-fMRD 241 711t 5

%

A3 el HA4E Edete] AEA o] 949 2ole Woln) uebd A7 (MRIZF Y
2 tdoz s §  AF QAAAHe FojeiH, 1
o agla FHe] Mukd F7]E FHof 2
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Resting-state fMRI analysis: techniques and implications

Hojin Jeong Eunjoo Kang

Department of Psychology, Kangwon National University

In contrast to the task-based fMRI, the resting-state fMRI (rs-fMRI) doesn’t require a specific task, since
data are obtained during rest for a relatively short scan time (about 10 min). Therefore, rs-fMRI provides
advantages in studying individual differences not associated with the task, and in obtaining data from a
large population of various groups (clinical or normal healthy). In the current review, we introduced
several analyzing techniques for rs-fMRI. These techniques allow us to identify the functional connectivity
among specific regions (seed-based functional connectivity analysis, independent component analysis), a
network pattern composed of nodes (graph-based network analysis), or the spontaneous activity pattern
(regional homogeneity, analysis of low-frequency fluctuation) during rest. The individual differences found
during rest with these techniques have been shown to be related to individual differences (e.g., personality
traits) or clinical diseases, such as depression, Alzheimer’s diseases, and autism. Choosing an optimal
research technique for a specific study question would be possible only with a deep understanding of these

analysis techniques.

Key words : resting-state fMRI, analysis technique, functional connectivity, brain network, individual difference
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