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Combined Analysis Using Functional Connectivity of Default Mode
Network Based on Independent Component Analysis of Resting State
fMRI and Structural Connectivity Using Diffusion
Tensor Imaging Tractography

Hyejeong Choi’ Yongmin ChangH

ABSTRACT

Resting-state Functional Magnetic Resonance Imaging(fMRI) data detects the temporal correlations
in Blood Oxygen Level Dependent(BOLD) signal and these temporal correlations are regarded to reflect
intrinsic cortical connectivity, which is deactivated during attention demanding, non-self referential tasks,
called Default Mode Network(DMN). The relationship between fMRI and anatomical connectivity has
not been studied in detail, however, the preceded studies have tried to clarify this relationship using
Diffusion Tensor Imaging(DTI) and fMRI. These studies use method that fMRI data assists DTI data
or vice versa and it is used as guider to perform DTI tractography on the brain image. In this study,
we hypothesized that functional connectivity in resting state would reflect anatomical connectivity of
DMN and the combined images include information of fMRI and DTI showed visible connection between
brain regions related in DMN. In the previous study, functional connectivity was determined by subjective
region of interest method. However, in this study, functional connectivity was determined by objective
and advanced method through Independent Component Analysis. There was a stronger connection
between Posterior Congulate Cortex(PCC) and PHG(Parahippocampa Gyrus) than Anterior Cingulate
Cortex(ACC) and PCC. This technique might be used in several clinical field and will be the basis for
future studies related to aging and the brain diseases, which are needed to be translated not only functional
connectivity, but structural connectivity.

Key words: Diffusion Tensor Imaging, Tractography, Functional Magnetic Resonance Imaging, Default
Mode Network, Independet Component Analysis
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Table 1, MRI parameters of functional MRI(fMRI), DTI, and T1—weighted images (EPI ; Echo Planar Imaging, BRAVO;

BRAIn VOlume imaging).

Parameters fMRI DTI T1-weighted
Pulse Sequence EPI EPI BRAVO
TR (ms) 2000 10000 85
TE (ms) 30 100 3.2
Matrix 64 x 64 128 x 128 256 x 256
NEX 1 1 1
FOV (cm) 23 23 25.6
Slice thickness (mm) 4 1
Spacing (mm) 0
Number of slices 38 35 1 slab
Scan Time (min'sec) 08 : 08 04 : 30 04 : 17
b-value (s/mm? - 1000 -

=2000 ms, TE =30 ms, NEX - 1, FOV =23 cm)&
AHEst AT At ’lA F3e] A9 SE A8 9] EPI
Al 22(TR = 10000 ms, TE =100 ms, NEX = 1, FOV
= 23 cm)E AHgste] g5sith AH8-E MRI 2t}
uElE ol Table 13 2T,

3 E35 7% 27| BHAA D kel A
olele] Y F wElo AU B o
nA3}7] 918 Statistical Parametric Mapping 43X
E o] (SPMB, http://www.fil.ion.ucl.ac.kr/spm/)[24]
< AMESEY T 22 g dAE AAH S 9
st WA, §53 A4S d5 eAU=E FE
7] 98 &9 A7 A (slice timing correction)
< A, A7 Y =F ¥4 <2 motion pa-
rameter B|o]H & 283} AR A (realignment)
A E st HFAE v FAYE BT =
g F7HH Bl £ Tl 293574 94(BRAVO)
o 7153 z}ﬂ% H
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of 7 B¥H3k 2] (smoothing)S 33Tt

=
@ﬂﬂ% 4%1 4092 753 ArEHIdoz
HWELAE E/37] s MRI
Toolbox?! GIFT v 3.0a, Group ICA/IVA (Mialab,

http://mialab.mrn.org/software/gift/index.contract)
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DL(Minimum Description Length) 2] 2 3}9j
AEe Ha 2270004 A 52470 B RE
o HH AE e 3TIReH IF 7]
F9 A" WEYI slE3t= Templated}
Spatial Correlation(&37+4 4&#AA )] =& A&
HES AR 2194 59 A& UWEYIZ A8H3d
o A4 S5PAA FA AEOA Hole 33
(fluctuation)& > UESL Z9] EAH sjd o AAL
ﬂ’kq °‘7<] st 1 "0“4474] Xé 57} ol x| o] £A

I
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-

I

«13]'7] HGH ZT 513 5
(spatial map)< z-score® A 71335t oH, F7H2
W HAH AALD dF VRS BE3H 2-
scoreZ #7133t spatial mape 1F B4 o224
random-effect #4121 One-sample t-testE 3] 7
A3 A H(p<0.00D)[26-29],(Fig. 1).
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Fig. 1. (a) Functional Connectivity as a result of ICA and one—sample t—test of 40 normal participants in resting—state
(p€0.001 and minimum cluster size is 32). Activated regions include (b)Posterior Cingulate Cortex(PCC), (c)
Anterior Cingulate Cortex(ACC), and (d) Parahippocampal Gyrus(PHG).
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(a)

(c) (d)

Fig. 2. Tractography displayed on functional activation map in (a) subject 1, (b) subject 2, (c) subject 3 and (d) subject
4. Three main regions colored as red on the coronal and axial brain image are ACC(Anterior Cingulate Cortex),
PCC(Posterior Cingulate Cortex) and PHG(Parahippocampal Gyrus). In all cases, the yellow tracts are connecting
PCC and ACC, and the red tracts are connecting PCC and PHG each,

JHFE FA A BE A@AlA HS 50 PHG®} 9-Z2] PCCE dAd3sth= EYo] 59| PHG
PCCe PHGS] 924 < AT + AN (Fig. 2). <} -?—Z«] PCCE dAdste= Eo| vl3] 1 gho] &
FE2Z AFAEE 59| PCCS 252 PHG 18 AFoz Fo3 FFo= A & 5 AT
I 29| PCCY =9 PHGE 9A%tE EH] (Fig. 3).
74 &, 55 A2 A3t EYo| vlE FAF
OS2 #o% FFEOE "Hes #HFT 5 AU 4, 11 &
(Table 2) Fractional Anisotropy(FA) 3t 7% =
= PHGY} ©= PCCE AAst= Edo] 2= PHG 2 A7 H32 FAY] GE HoA Hol=
b ©% PCCE A3k Edst $2 PHGSH % 71eA A4 T2H A4 AdA e A
PCCE AZst= Edo| H3] EAAOZ &3 5 st7] S8l 7152 A7EH DS SR EE
o2 Y Wbty E3 Mean Diffusivitye] 79 ,4. stel Gl & JEF TSk Aot 407
z,] PHG, #2¢] PCCE dAss Eda} $=o o AE oz VA AV EHIY H L

Table 2, Number of Tracts, Fractional Anisotropy(FA), and Mean Diffusivity(MD) of each tract bundle (PHG; Parahippo—
campal Gyrus, PCC; Posterior Cigulate Cortex).

Parameters PHG(L) - PCC(L) | PHG(R) - PCC(R) | PHG(L) - PCC(R) | PHG(R) - PCC(L)
Number of Tracts 3194 + 1461 21.20 £ 17.20 3.35 £ 2.71 780 + 261
FA 0.28 + 0.03 0.31 = 0.05 0.26 = 0.05 0.30 + 0.04
MD (x10™* s%/mm) 1.18 + 0.13 1.21 + 0.23 146 + 0.28 1.35 + 0.31
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Fig. 3. (a) The result of statistical analysis of the number of tracts, The number of tracts connecting PHG(L) — PCC(L)
and PHG(R) — PCC(R) is remarkably larger than other tracts, (b) The result of statistical analysis of FA values
and (c) The result of statistical analysis of MD values between Left/Right PHG and Left/Right PCC. (PHG;
Parahippocampal Gyrus, PCC; Posterior Cigulate Cortex)
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I HwFPE o AASA F2 MFe EHFo] S EE Taste 43S Bolod AFFF(Fronto-
TZT = A Occipital), > Z¥ o) (Splenium Corporis Callosi), 9]

AA A D A A7 A3t A o] H T TES A 2548 (Superior Longitudinal Fasciculus) 5 ol A
=9 3o} AHH A Jls, HE HAF EFY W E 1A A 194] Abolell A W3lE 4= glon ]
3} 2 719 (Working Memory), 9101 7153 & wH TFR Fete FG9ELS AFEE 18 H
TAE BE3] 3t v =S = ZA0E JgdEn ¢l S YERATHI3-36]. ol & AFolA Yo}
T HFGolu 8ol de FAL HE EAde 7t AFEE 23S g S0l et 714
AS, 718 BAo B Ko W] Ko FRE A EAS s B ool ok FUE, AAHoR
il ] AA4E #=37] fal G Fds FH (over-

AgshE By 9 AP 9% 4 wekhel
HolHE #83 + 9 =
FOAAZ, 5T S dlA Mo J1%H, FE FRIAOD AAFE 212 FolA EF A4, FA,

Z aAA e dAE AF detste Aol Zhssi A MD2| gko] gl whel, AFolstAl 2epA = Aol
71Ee] ATolA Bl Agolvt odd BT 2 el A= RdstA AEsfof & ool At o=
¥ Ao A, 715 AVEH I GNA A 71E obe Aol g 71He F8ate] HE 43
3 HdE 5 B9l S48t oFsAY YERA] = A2 Bl Thed e dojE ot
%G5S R AL Bol hlem[44, 45], EAtElA
VT R E o dEE &3 e EAe] H 524 2
A QA #EE Fa Fox ERE 5T F
AYTE ATE gt kA o] F M-S Ad 2 dFolAe AAs AAdgA e AAR 404
@ Az A Aol (Cognitive Disorder) [46, 47], 1 AWAF W= F27] 4ol 7154 A%
% =38}o] MW (Alzheimers Disease) [48-53] H& 4 B9 5 ANIINIYS HS90H 459 94
A1 8- d Z(schizophrenia) [54-56] ¥} 22 = A3-& 2 AAE FHE AR F 75H AV ZHEES
AN 83 o G843 ARE ATT £ Qe Aotk 59 4% 243ICA)S FY8AL, EIHA TS
B Ao Aoty aga AyesHow ol-g3te] EHEIYIE FHSAT. FHAHALE
A7 AHASTS oz BAg ] w2 A ML 715A gAs fe vEY] S FdEen,
Al Hol WAL A} o] )|5F @ Tx3 A AddE 74 482 WAGE eSS s34 |
Axe] nlue Sy A gtk Bt AEssla, S M FBBATE =2 AR £40 A2
thokat WMo YRS Ao st 7153 2 A FHRODE By AdHo=r ddst= o A
o YN A GHS =S o2 A SHAT A #A IH92 AY tid 9= (ACO),
o] Bopw F27] Ageo] HoA] B 5 9l thordt % o 92 (PCO) 18 siukE o] FH(PHG) 2
AAA el 3 e AAe FFsted 4T 7 2 @4 99 Addgo=n A Ho B U
Zo] @ Ao YdT B3 F§F Hi £ § Gt AEEAT 1 A Vs H A EH I
P HAR FAES FoR 75 A7 THY I FARAGGe] EHEINVE AT G
A g S EYsta B AT W ES A2beL skt Agstdlon, WA dE HES I
Agste] WANE VES o] Sohis 2 gofe) ¢ FFE FASC] A 71TH R TEHeR ddd
22, 7152 AAAE 2ASte] o] Aol of & & - AR, 53 £t 2
T3 o BN B Ao A 3w E] QAR ntR ol dAAFo] ¥ AstA YElUE AR
F44L 893l 913 A77 ad Aot = BEHA. o2 7|2 FF FF2 QL Hok Ao
@, H o] WAL AAS dFd Tracto] Fofof B FEl YT HE VMwshs ATE FYFO 2N
g AR uEE g4 'lA 9 AR FA ghol Z71 WO TES Ve dAA e 8 Fagett of
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