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The effect of resting state on functional correlation tensor of brain:a comparison between eyes-open and
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[Abstract] Objective: To compare the difference of brain functional activity between eyes open
(EO) and eyes closed (EC) conditions using functional correlation tensor (FCT) in resting-state func-
tional MRI (rs-fMRI). Methods: Forty-eight healthy volunteers were included in this study, each one
underwent eyes-open and eyes-closed rs-fMRI scanning. Voxel-wise FCT maps for each subject were
constructed after pre-processing steps. Based on the group level, the average values of FCT indexes in-
cluding FA and trace in eyes-open and eyes-closed conditions were obtained and compared using paired
t-test. Results: On both FA and trace maps,only occipital cortex showed significant difference between
the two resting-state,lower FA values (voxel level: P=0. 01,Z=2. 33;mass level:corrected P<C0. 05)
and higher trace values (voxel level: P=0. 01,Z=2. 33; mass level: corrected P<C0. 05) were found
under eyes-open condition. Besides, there was good consistency for FCT of other brain regions between
the two conditions. Conclusion: Resting-state functional MRI may reflect the functional changes of oc-
cipital cortex under eyes-open and eyes-closed conditions.

[Key words] Magnetic resonance imaging; Functional imaging,resting-state; Functional correla-

tion tensor; Motion of eyes

R A EE Hfﬁﬁif%(re%ting*%tate functional DT ) I H AR 25 4G P 26 0 3l 8 IAH S R iR

L 43 A K ik

1) 45

Ha) 190 2% J2 K 5C T RE Y 800K« T AR 5% 1 2 RE I 46 11 11

AN X8 22 18] 19 B 8 3% $2 (functional connectivity) €
S W R B 1 1 RE T 460 T ek IR e %5l i K
O3 FAE R R HOET A B 2% TS P B G 08 B DR 1
LT AE SRR EAT » 78 I A (] i DX 22 ) 8 2T 4 o % %

EBBAL:751500 T HE R E ARERIOLED) .
SERFCIR IS . T i)

EERA A2 B, FENLCB EHEEW, BN
2 W AR

TR I X 2 18 1) e ol i 2 1 45 A 3% 2 6 R
rs-IMRI 5 DT i 2545 42406 7 2 — 22 58 A [R] K
IR £6% 1) Dy B R 465 K9 22 ] 56 ZR OB I 0k iR O 1 B
J 2 O R AR G R A BB BT R % T SRR

G FRAE RS BORE DA B ARAE ST L IRIE L A A R
H SR ) 8 3 45 5k 1 T 5 R e A r%*fMRI%‘fﬂUE %
AR AP Bk A TR kR AL B B S T R 4k



834 Tt 2F S 2018 4F 8 A4S 33 %% 8 1  Radiol Practice, Aug 2018, Vol 33,No. 8

18 25 1] S P AT R 1 9 30 19 M 2 21 ) e 3 2 ok
B, FERAS R A KO L S RE M Tk R S DTT —
FERT AR 38 B (4T 4R ok, e E 2, HORH R R
ST RE G AR A A B L S0 AT L[] A 2 0K il Y 2
AE % H TIN5 ) e 0 P i AR R o 30 X T Ml 9 2% 1) A
RHFFEM & & LE K., H T, P 6E % ok i 2 &
P52 BN B i 0 2 . F SR 45 SRR BT, XD
3 B 43 BT J7 ¥ RE R 8 A R B A 1 LB 2 W e it —
S A B

KM rs-IMRT B A 545 4k B AT 85 i3k 8 fF 5
OB — B s T EE N ERETX
Sen] 8 5 PR, rs-IMRT 45 DA V2 0 %00 45 Fofih 28 D)
PRGN B ST . A X T AR A B AS
(rest condition), Ft Ul i IR Ceyes-open, EO) F1 4] iR
(eyes-closed, EC), X fii i) Zh E i ik & 2L Y — 2L o1
WS E R R RS T T R A IR Bk O A 4
— W BRE A LE AT 58 o R FH TR L T A 20 50 vp SR i
R 3 A7 S fF 5 v SR B IR A W6 [ 7 e 4 1)
72 AL (fixation) !, FFE 2003 4E . 5t A 24 H K
FHABIF T 1 MR 60 A HRCIR 285 7T i 20 2R 7 AT 55 800 B pe il 3t
PR R Crask IMRD) [y 22 559, it = & 1R 3
e HR T PAT HROIR AT e 2 285 2 B O L IR A 1 Jmy 7 ki
TIfE X Y e 2 S 4, J/y 8 — B (regional homogein-
ty, ReHo) . {k # ¥ 1§ (amplitude of low frequency
fluctuation, ALFF) A& A 3% iF /3 8¢ (fractional ampli-
tude of low frequency fluctuation, fALLF), L & K&
(T BE 4 P 2%, L R A T RE M 4% BR s A B 3
Za gl

H Rl D0 RE 3% £ 5K 8 19 AH G W 58 2 BT X b o 7 O
BRI Z [ B — @ i — B, S DRk
B K AR A AR B R B n] A DA ST A
(7] P 3 ELBR AT b 2 B MR R P R D 1) 2 e o 5 A )
) JCAH ST T o T 3K L8 AIF 58 %) T D) 8 3% #2 5K t X Fh By
BN T B9 19 i K2 Wr FpE e B R 2. A0
B3 B 2H 20 D) RE i 4 oK AR S R A R EOIR SR
e HR 760 AT HR D AR DG REAIE 1Y 25 5%

W5 %

L. % dli R A

AWEFEETHIRY rs-IMRT B4l T 208 IT I T Ak
Ihaeui H A5 ¢ W 3k (http: //fcon_1000. projects. nitrc.
org/indi/IndiPro. html; Beijing: Eyes open Eyes
Closed Study) , g1 AL 50T K27 4240 . AR £ — It
£ 48 PIRX (AR 19~31 2 B & 2F) . Fr A 9
BT A 2R AR 1 AH DG S, T 45 38 T X AR SR Y
FIERE A . ABEEE S 1A R AR 2 2%

OICE i

A O AT T =0 R S IMRT 14l A
ZE 8 o3l . B — YA 2 Sy AT IR A 4 Oy HoB S ik
T AR SO AR 2 F i 38 2 B4 5 T U il i — Ik
W HRE L — R AT R A8 U BE ML R B, 7E I A i 5L A
AR R v, ORI 22 i b A E B b DR TR
AT AT 2 B S A S Bl . A A R o OR A
IRIEJE D BBt FAS BoR s B . Ak
PR e R A A .

it S A A R FH K B2 [l gz ~F- T 1 98¢ AU (gradient
echo-echo planar imaging, GRE-EPD #%1] , 394 & %k .
TR 2000 ms, TE 30 ms, JZ2 /& 3. 5 mm, JZ [a] B
0.7 mm,REZH 33,  AMAAE 20 mm X 20 mm,F i
PIAE B 64X 64, BRI UCEL 1, BHEL #1907, R4 240 >
] & B ) 8 min, AR, T H T EPT E&
BCvE 6 R A T & 23 B 3D T, W B& . S 580: R R
PrRAE 3128 2, 2R 1.33 mm, JZ [A]BE 0 41 1 9L B
256 mm X 256 mm, ¥ | N 256 X 192, TR
2530 ms, TE 3.39 ms, TI 1100 ms, %M 7°,

2. %5 dia b #8043 e

H S5 A R 1 T 2 e T AR L B A B
FF Matlab Wiz B IR BT P B 47, Hod 55080 19 Tk B
(pre-processing) 11 2 &2 %t F SPMS8 L)L & DPARSF %
PF o HARE AL B R D T HRBR 32 AL K B
FEE A R T4 . L BR AT 10 A~ B a5 0 £l s @ B el
JZ %7 1F (slice timing) ; @3k 3 55 IE (realign) , & A A5 41
A O Sk IS S Y TR B8 <73 mm | Jie i <T37HY
70 [ A BT A AR AS B B8R AR T AR AT IS 22 1 43 B
ST @ F)FH o B s TIWT 25 #4575 3] 114 25 460 46 e
W S B bR AL 3] MINT 25 ] s © % BT A 4 i 15114
W5 5 B EA T FR e AL . DL 2 BR 4 I oF- 2445 5 1 52 i 5
© M 1@ U ¥ (band-pass filtering), % 8 0. 01 ~
0.10 HZMU B Y155 s @ A F Power %517 2 H 1 3k 5
b Ik (serubbing) e fi KRR FE 19 25 B3 =k 3loxt 8o i
Y5

3. Yife ik ek it

AL B2 S5 o 43 551 %k B HR 0 PR HIR ) e S 2 R K
FECRIT SCAY A B 5 3 B A e 2 2T A R R
IR ER RS . M TR~ MMEAR . HE 5 ML
1Y 26 AR (7 7 VA TH AH 2B 2 AR 48 LA B2 15 s AH 45 1
TRZ) 1 D RE G He (4, IF HA T 8ok i i 485 oy =ik
frobgiE sk eyl G . R E T AR —
MARM IR ERE KRN T, 5 EMENE | MER
B B B no= (yisxisz0) a0 0 WO B% R
B AEX ARG MR RZ M S REiEHEE C
e



AT 2F S92 2018 45 8 A% 33 #45 8 ]  Radiol Practice, Aug 2018, Vol 33,No. 8 835

Ci=mn T+n/ (D

T C=(C,,Cyyreeeee Cos) s To sk it T 97542k
SEAY R A e L A

C=M-T, (2)

Hofr M2 —A~ 26 X6 B, &R 1178
H i 2%y 2xi205 2yiz s ) s R /N Z R BA W] LA it
BT

T.=(M-+«M) '« M-C (3

B UG AT A 4 0 4 21 4 TR R 1 T Rk i
fenkid To o H ] DU E 58 2 BB 3% 5 9k 4 19 4% 1) S 1
FREL(FA) DL Sl Cerace) (R /N, I Al 8 8 th 4 ik FA
DL K trace B 4 T A w00 B9 8Os AT 3 T 2 A Y
B 530 A5 20 B AR DA S IR S T iy 2 41733 FA L
Ji trace {H.,

4. 51t 53 B

Ji A B 1 8 3 3 A B AE Matlab % & B #E4T.
SR FIBCRT ¢ A6 56 o8 bU A4 4 1 56 T AR R 43 A i) FA Rl
trace {7 Bt IR 0 AT IR 799 b R 28 22 1) ) 26 5= L 1 22 1l K
HI.

& R

R R PAT RCER 285 B Y P Y T RE % ik =
FA & (B 1a) 7R K BT XA b K BT X3 )
FA{EH &, 5 DTI R FA ELEA AL X FE R 5 IR
ARAET K IBE (9 FA (B0 HRARZS WY W PR AIK. I
MR AN P IR R 2SR P A ol il 19 7 1 T RE O vk
Trace (& 1b) 7R o AHXF F 5T 3 KM 2K (B X 3k
A ) Trace B, JGHE BRI R 28 BT 76 09 X 0, 5
Frat 18] A A A AR P O A S B X, Trace
ST . WAOIREST Trace (HA 3% 2 5 1 &AL
32 AL TR A 5 AR R T AR B R R R X
Trace {H7E KRR T B 5 =5 A HR PR 285, 45 7 1 IR
RS TR ISR 2R 5 A AR AR R 17 2 T e 3% 20

@ v’w 4 b 4\;:, % }&) *
EIIXIXXEYY

FEH .

IRkt FA R trace {5 78 B IR A0 P IR CBR 25
TR EBCR M 2 B RE BRI T Sk gt «fE
B A MR AEZS 20 A5 04 Z 8, P50 e 0 e AL 37 2
i (Gaussian Random Filed Theory) #17#& IE. % 1E
B, AR ZER P=0.01,2=2. 33, RIE G P<
0.05 A FA L trace 75 IR AT IR PUFRZS T 22
S A GE T SRR i DX 2 H R R A I 8 L B )2
K (K 2). ¥ FA FI Trace {HA 23 2 5 19 i X 73
S B BB R L I L[] o B4 i 0 % Pl A X3 A 5%
2 AR LIBT3, AT DL BT A B R R R A B
MR PEAR G . (HR, 22 5 A G 2 2 SRy i DX 0 R 32
WA AN . SRR BIBR T R MR i X =z A e
TR R TE PR A [ IR 28 2 8] B AT AR 4 i — 2k

i i

T B UEAS R SRS X T N 2H 4 ) RE i e vk R
I 2 5 AT S0, LA X b 5 v T i R A 28 A
P 55 07 T B 98 RN B T AR SCHR 9T T IR A 1A
MR VP e A [] 1 e S PR 250 T i 2 23 ) B 3% 2 5 A OC
FRAE A o A BIF 5 45 R B 72 W IR A AT IRCIR 28
H EF R IR Kk B FA R Trace {HA W35 2 5
A NG X 3 AR v 7 DR A i A DX, R B
DB Y D) B 3% 4 7K i FA (B 7E B IR ST e TR R ZS
AR T IR AR S R Y trace fHEE & T AR R .

H A% T 76§ 8 2 h ig MRI B 58 b 9% 55 5% FH e
MR o P IRARZS T AT 4 1 T e 18 . BRAE R BF5E v
AN TR B G S 08 L B AR AT IR R ] 0 4k 55 vk AR Al
M. HHi, Eﬂéﬁ;gﬁﬁﬁﬁ%%%%*ﬂ??ﬁ}ﬂﬁﬂmHE%
BX TR RERE IR UG FRAE Y 52 . A DFE 4,
%ﬁmﬂ%ﬁﬁ%ﬁ?%%ﬁ% AE 1 3L IR B A% 45 2R 1y mf
HE M (test-retest reliability)*ﬁff%ﬂ?mj N
BN AR T BE I 9K & I FA{E if J2& tracefd ,

Bl a) BREOFARECORSTLAFHAiEZKEFAR; b BREOFABRECOKRETL24A

F ¥ e R F trace B,



836 Tt 2F S 2018 4F 8 A4S 33 %% 8 1  Radiol Practice, Aug 2018, Vol 33,No. 8

6

-5.6

B2 it #EREVRE.ZTHRFMNBRETARFZFOME TL 5 F £ XL 6AE X (K%

EERTHEK. L&A T )., a) FABH; b) trace A,

TE W IR P IROR 25 22 5347 G T2 = SCH il X 3 002
KR o X — 25 2 55 B i 1) D) 82 — By, AL
EE AT GE T B L T R 0 PR IR IR 2 A
A B R A e DI BE AL 1k . W — 2P 0 B Th BB I 4%
SRR Y FA (B ARAR S N A I . DAk i 12 5k i
(9 FA B 42 1R 3R 5 HL ] [T A5 1R 3R 110 D e O 4%
(4% 1 Sk . 2 F AT 5T R L D RE IS R 5K AR 1) FA
(E7E I BAL AR LA TR, A W Tt o ik LG
WY s P D0 AR ) RE 3 4% A7 6 oL 2 4 AR AL B9 5 1 4
I H [/ DTT — 4 . 2y RE 3% $ 5K &t T L R Al 3 it
YR EE . B4 M IRARAE T B X FA (B Y B
% AT REJE R T IR 5 B BE DX 10 4 2 90 3 2l 1) — 2K
PRI 5 X L T R s AR L S RE D BE S 4R 1 4% 1) 57
PV s AT B0 FA R

LU MBI - DX 8 3 B O 2 K B Y trace (TR
W RAR S T e o X2 T ABEAR Y . Z AT TSR
B I REE H K B9 trace {HA Al ReHo L 454 .
B RN W — R A [ A R 27 3 010 D e i 4k

APSEPER BT 1R A AT RE T2 B I T A% Bl R R
WA AT ST . 7E#E AT RE MRI W58 19 7 B B A [
A F 5 Hh 2 B8 1R i BRI AN — B0 SR AT TR LI AR 7R
AR O E IR A B AR SRR L a6 RS
Z M5 AW KB A TR A RCIR SR T RE
MRI HHSEHE br B U2 45 RATAE — E L 5. REESRF
FA SR BR T HLBE DX 1] RE ) IUAE 45> 48 B2 L A0 6 =) B 45
P A A K 0 D R B R L L R R i U
W46 B TARARAE . (R 0 75 23 A A O BF 50 45 2R 1 7 T
A P ERCR AT 2 A AR i RS

Dy E % 1 7Kk 8 o3 B 2 — BB A9 D e MRT HOR 3%
FiHT T kAR S T B AR MRI(E S I AE & B
AR 2 SR Y — PR AR R RS A
SCUEE T W% 52 A ] 1) e JE DR 285 I HR R PAT HROD X 2
R R A S B AR R IR P IRAR SR
A ESFRR D REIE LK i FA FI trace |8 B A ALY
XPECBE (P 1~ 2) s P RCIR 25 T D) RE B #25Kk i FA AN
trace fH 1% 22 5 A GE T 22 1 S0 il DX A AR SRy BR 7 9 52

B . ERIURE T R TREE [
By AT 22 1 B9 o A 3 4 R T BT | s
trace fL 1Y 7+ #5 . #E4h. ReHo EM IR AR | 7
R FOEA M. BT H B | & o
KBRS X LE I IR 25 F B B8 9 ReHo

FA-EO

04
0.3

(., RETZH T ARG THER | of M

08

07

06

05

04

trace-E0

03

02

3
i

o1

BAAh 3B A R I 00 XA 3 19 B

01 02 03 04 05 06 07 08

02 03 04 05 06 07 08

FA-EC @ trace-EC

25, ML A PR B 5 AR 75 F ReHo (i 4
Giitop 2 R I KA A T R & 3

T 0 25 T e MRL W 58 % B AR 6
b AT B B B ST ot — B DL R ]
YR FROET T A M, TF SR T S — B A

Bk fe MIRRE TARA AR TG RERK IR
Bae i b ARARERNZFAATFELGRK, ZE
BREAFFREDNLZFAATFELGBEE, a) FA 4;
b) Trace f.



AT 2F S92 2018 45 8 A% 33 #45 8 ]  Radiol Practice, Aug 2018, Vol 33,No. 8

BJZ B 3) o B T A5 X Z 5 Il 2L AR R Y
FA I trace {E7E P iR 25 22 18] HAT AR 45 79 — ik (1

4),

T A SCRYEE R AT I 4H R AR % 4% 5K

HH OGS B AR A 32 W R 0 A HROIR 285 4 52 Wi o 7 o bR 285

#RRE AT

S IR D e gk i R

S E 0k

(1]

(2]

[3]

[4]

(6]

(7]

(8]

(9]

Biswal B,ZerrinYetkin F, Haughton VM, et al. Functional connec-
tivity in the motor cortex of resting human brain using echo-pla-
nar MRI[JJ. Magn Reson Med,1995,34(4) :537-541.

van Den Heuvel MP,Pol HEH. Exploring the brain network:a re-
view on resting-state fMRI functional connectivity[ J . Eur Neuro-
psychopharm,2010,20(8) :519-534.

Basser PJ, Mattiello J, LeBihan D. MR diffusion tensor spectrosco-
py and imaging[J]. Biophysical J,1994,66(1) ;259-267.

Le Bihan D. Looking into the functional architecture of the brain
with diffusion MRI[J]. Nat Rev Neurosci,2003,4(6) :469-480.
Honey CJ,Sporns O,Cammoun L,et al. Predicting human resting-
state functional connectivity from structural connectivity[J]. Proc
Nat Acad Sci,2009,106(6) :2035-2040.

Bullmore E,Sporns O. Complex brain networks: graph theoretical
analysis of structural and functional systems[ ] ]. Nat Rev Neuros-
€i,2009,10(3):186-198.

Ding ZH,Newton A,Xu R, et al. Spatio-temporal correlation ten-
sors reveal functional structure in human brain [ J/OL]. PLoS
One,2013,8(12):e82107. DOI.10. 1371 /journal. pone. 0082107,
Ding ZH,Xu R, Bailey SK, et al. Visualizing functional pathways
in the human brain using correlation tensors and magnetic reso-
nance imaging[ ] ]. Magn Reson Imaging,2016,34(1):8-17.
Zhang LLCH, Zhang, Chen XB, et al. Learning-based structurally-

[10]

[11]

[12]

[13]

[14]

[16]

[17]

837

guided construction of resting-state functional correlation tensors
[J]. Magn Reson Imaging.2017,43(1):110-121.
Biswal BB, Mennes M, Zuo XN, et al. Toward discovery science
of human brain function[ J]. Proc Nat Acad Sci,2010,107(10)
4734-4739.
Liu DQ,Dong ZY,Zuo XN,et al. Eyes-open/eyes-closed dataset
sharing for reproducibility evaluation of resting state fMRI data
analysis methods[ J]. Neuroinformatics,2013,11(4) :469-476.
Patriat R, Molloy EK.,Meier TB,et al. The effect of resting con-
dition on resting-state fMRI reliability and consistency:a com-
parison between resting with eyes open, closed, and fixated[ ] ].
Neuroimage,2013,78(1) :463-473.
Marx E, Deutschlnder A, Stephan T, et al. Eyes open and eyes
closed as rest conditions:impact on brain activation patterns[J].
Neuroimage,2004,21(4) :1818-1824.
Xu P,Huang R, Wang J.et al. Different topological organization
of human brain functional networks with eyes open versus eyes
closed[J]. Neuroimage,2014,90(1) :246-255.
Yuan BK,Wang J,Zang YF,et al. Amplitude differences in high-
frequency fMRI signals between eyes open and eyes closed res-
ting states[ J/OLJ. Front Hum Neurosci,2014,8(1) :e503. DOI;
10. 3389/fnhum. 2014. 00503.
Zou QH,Miao XY, Liu DP,et al. Reliability comparison of spon-
taneous brain activities between BOLD and CBF contrasts in
eyes-open and eyes-closed resting states[ ] ]. Neuroimage, 2015,
121(1):91-105.
Power J,Mitra A, Laumann T, et al. Methods to detect, charac-
terize,and remove motion artifact in resting state fMRI[J]. Neu-
roimage,2014,84(1) :320-341.

(Wi H:2018-01-22 &[] H 11 :2018-04-07)



