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Preliminary study of high resolution MR structural imaging of cerebral cortex in infants and correlated with intelligence deve-
lopment QU Hai-bo, LV Li,XIAO Yuan,et al. Department of Radiology, West China Second Hospital, Sichuan Universi-
ty,Sichuan 610041,P. R. China

[Abstract] Objective: Using high resolution MRI structural images (sMRID) , surface-based morphometry (SBM) for
cortex measurement, to analyze the parameters including cortical thickness (CT),surface area (SA) and average curvature
(AV) 148 cerebral regions,and to study the relationship of cortical morphological parameters (e. g. cortical thickness) and
level of intelligence development in infants. Methods: 13 healthy infants were included in the study, their level of intelligence
development was evaluated. A siemens 3. 0T MR scanner was used to acquire the high resolution 3D T; W1 structural images
of brain. The parameters including CT.SA,AV acquired in 148 cerebral regions based on SBM were obtained, the correla-
tion of each cortex parameter and the level of intelligence development was analyzed. Results: After analyzing the cortex pa-
rameters of all cerebral regions and correlated with intelligence development level scale,it was found that correlation of SA
and intelligence development level scores were more concentrated at language and social related regions,ie, gyrus frontalis
inferior sulcus region,mostly showed negative correlation. For example,the SA of right gyrus frontalis inferior and the cor-
related score coefficient was r=0. 646 (P=0. 017) ; the correlated coefficient with the language score was r=0.576 (P=
0.039) ;the cerebral region showed AV correlated with intelligence score was concentrated at gyrus temporalis inferior and
parietal inferior, mostly showed negative correlation, for example, the correlated coefficient of AV in gyrus temposalis inferi-
or and fine action score was r=0. 716 (P=0. 002) ; the correlated region of CT and intelligence was mainly in the regions of
language and recognition of human face, which was the cerebral region anterior to sulcus collateralis, showing negative cor-
relation. For example,CT anterior to right sulcus collateralis related to language score,r= —0. 765 (P=0. 002). Conclu-
sion ; Based on high resolution MRI, taking infant cortex parameters measured by SBM and correlated with intelligence score
evaluation, the correlated cerebral regions were widely distributed. Therefore, it can be understand that the development of
infant cerebral structures are influenced by intrinsic physiologic factors, which have direct relationship with their intelligence
development level,social adaptive capacity. Thus,this method can be used to evaluate cortical structure of infant brain and
infer their basic developmental situation.

j{ﬁ!’ﬁ%ﬁﬁi 1610041 JRCHR DU K2 A VG 55 — 12 g O R CHltY 8 T R A7 ¥ 00D 5 610041 AR L I 1| K~ 4R 74 5 B i 3L Ik vpo0s (B SR 1 B8 LK

PR A1 < 0 1977 ) 50 38 AT 1A O 20 B 9 M LB 16 0 T
BINEE TN, E-mail: ng6611@163. com



856 T 2F S 2014 4F 8 A% 29 %% 8 ) Radiol Practice, Aug 2014, Vol 29,No. 8

[Key words] Cortical; Magnetic resonance imaging; Structural imaging; Infant; Intelligence

B Je M 22 3 1) Bt O 8 A M 00l L T EL B
Z L5 91 M 28 0 4% 1)1 2 o Bl DR TR (8] I [ 25 1 2
B A OE 30 H 7 f W T ) E SR E 228 L T AE Kk
TR AT SR 5 . AR R R T A AT
BES LA T BT BE A HAE 5 7 B B PORIRAE T Y
U L RN T B R A5 K L RE B R B S R i TR AR gk
IR B o ASBT 5T IR B o o A i B )2 R 45
—RIIMRS RS ILE I kT MM KA &
SCHAR M X o 3 70 A Fe o3 A 5 B0 Je 38 50 B e 4R
MRI x4 LBz JZ % 7 192 KK F-

MEEFE

L WFFER 5

i AN ABRHE : D1 ~4 B R4 L @ 2 A 7™ JLs
O3 B AR AR (2500~ 8000 g) s @ Hi A= 1if & B IE
CHy A I 3 B R 33~ 34 ey, iR %8 5 % 0. 6~0. 8 em,
ATAE=>9 em) s QAT T # B S BE A A ©%
F I RE MGG W E A . HEBR AR E: O A B
RN AFRUER s O BE % AT TR AKAR P (AL 35 7 BR R
o 0 4 =5 RE SR BRI PR T O RO T I AR 5 O 4 UK
Je (S HL, K2 B A B R B8 5D s D2l
LR R A Er GIR = 25 R 25 5D s O B R E
JE(BMI=>30) ; © B A #h 2 A el 1y 8L Qe
BB WL INAAE L 22 3hE i 8L s @ i S5 5 © fiit 4
AR e S e oM 7 A s @A R 5 O 1R
BB AT A 2R B IUARERC & 58 UK A5 4 . 2013 4F
11 —2014 48 3 J AP 1] R 246 04 55 — 12 B it 12 0F
TE VU1 K2 A2 G B2 e AT MRI A 25 (19 4 )L 484 ik
PN HEBRbRUERE 3L 13 1. 55 9 1, & 4 B AR 15~
454 AL FE(32.019. 504 A.,

2 B ATk

i il Siemens Trio 3. 0T % P MU 57
KNS5 FN I RE S AR EAT R AR L A T 8 T8 3 110 A 4 P
SRR B AT 2K 2 i A E . SR AR =GR
JE R 7 04T & Ay BE R = 4 T, WL H i 2 450 TR
1700 ms, TE 2. 4 ms, B% /4 97, )ZJE 1 mm, § 5 % 4
MEF 256 mm X 256 mm, & 2 K/N 1 mm?®, T
rh (P - 28 B A 52 3 4 2 B A MR A (W] I b A 22
5 & AR W BE A 0 32 iR R AR A Sk s i AT I
B IR AR i AT MR R 2 B A
i [a] 247 /7 6 min,

KA Freesurfer s218 7 #8443 (http . //surfer.
nmr. mgh. harvard. edu/) %} K Il 52145 = 5040 3047 )5 Ak
B, AWESE i L G 43 XA Freesurfer 4 A

A5 DT e A RIEBR A A 74 A0 X AR
ORI 52 o A 741 445 A8 33 SR ki 3 L i [l AT AT 5T . % &)
JL 148 i X 1 J2 J2 JE BF (cortical thickness, CT) | {7
J2 1 FH (surface area, SA) . F il & (average cur-
vature, AV)SES BT 5, 2R CT 248 K M
J5 320 54 B 5 I W b O BEES . 3 R A AR
PR 20 5« O 1A R 43 5 Ah0 4 i i At X 4 i = 24 i 30
7RG 20 B4 7 5 R 2L K JBR E J5  OB 5 R TR
FEAR 5 22 S E I O3 2 OF g K TS5 A s QI K L F-Hil
Sy R T ORI 2 T A AL AR 2R 5 B T IS AR A R
B[] P 8 DR 2 35K 1189 K S5 )2 e Al B — A 1 Bt 2
BT INBRIE 2T LA N — A JE T T A AL AR
R LU 5 22 i HET 5 A .

A A 2 — 3% B “recon-all” iy 4 S B L AL 4
XF AR =4 T WISk SR aE By 4l 1
7 T8 H 4 5 B 25 R A IR 2H 21, 8 DR B2 5t E 8l e
f2F Talairach AR K2 JZ T SRR AR K it (A 465 T
O A RRAZ e A E) /Y B 3ok # K E A
— Ak K B FR o3 BE . B SRS IE S LA S MR B
JRE 6 114 2 T R 4 AR K 5 g S AR W 5 M 5 TR
FEER AL T B 25 S B R b T 7 i TR A 3 1) 45 4
SR i K 2 430 R AN B BTG B — R A
TR BT A S R A . X A
LT IR B AT A W A AFAE T2 1 i
AN GRS . HEBRAS e i A 1 K R SO BOR
JUAr] HEBA R 158 22 B RN P14 . e I 312 3045 Jii DX A i
MR B J2 RE R L 38 B i 2R T AR A 2

3.8 S iEAl

AT T Gesell K H=EKEH T 0~6 %,
FE T IO AR 22 2R G800 S ae L U 22 UL A B
SR R G A BRG s F B2 5 A A RE ) <3S Y
e RKizsh Kdlzsh k5 DAt a. B3k
I3 R EMNE NG iz gl X L SR RER I 1 R 224 LI
SO A T B A A5 A 0L P R X A S 1Y A A
LR MRE T 515 S RE S WA JLWT B L 35K 15 1 RE
T35 N-AL 2 2 4l )L B S 4t 25 ST AN KR
— 0 H B2 o PR PR T R T R
132 JLE G AR BT 1T PEAN A SC I PR B BT 1 BE 4 A
b,

4. giiteE b

KM SPSS 18. 0 # a4 e it 2m o i . o0 br
CT.SV.AV 52 JLE J1 /K FHE 2 o dls 1 A0 G L 48
J5 i3S Pearson AH I #Y 5 15 5 38 — 43 B 41> il [X. 3k 46
ZHRE IV R B K Z A M. B P<<0.05



AT 2F 2 2014 42 8 A% 29 #45 8 ]  Radiol Practice, Aug 2014, Vol 29,No. 8

857

HEFAGIFEL.

& R

KH Gesell R ES TN HILWE W EF
AT PEAL S RIS R S HE L 1,
51 ZRYLEEATLER

5T A ¥y

Ty 82.16412. 31
X 53 81.37+15. 25
¥hnia B 85.40413. 35
EE 80. 54414, 59
A A A 82.78415.59

Xf 148 MK IX A CT.SAVAV 54 LR J1 37>
(5 AMEAR) BEATHH OGP 0 A7 - 45 2R s - SA B i
FVPO A A SRR I X 4 Tl E ML A R X B
0T 1] e DX Je R 23 B B O 5 S H R AV 5
T3 FVE o A SR I X 4 T ALE L R S I RE X
0T [ml L T DXL R 73 5 B AH 56 s il B2 SR R CT
SR RV AR BN X O X S e A
SR 0 A [ S i DX KR B A O . A% iR XA
KRG W 2~4, 18 1.2,

it

it

N MRT B 5 5 K Rz )23 2 % R i 445 4% it 1k
MY BT B, R LT MRI = 45 i 514 00 3L 6l 1 45
AR Y L DL SR T AR A5 2 I i SBM Jhy L il 2 A
Ivi] 0 28 Ry b o 1) AR F 5 AS 4 8 T AR L iR
A e CT WIBEFE AT I 09 T8 35 R AE L 2 )2 3 & 7 K
T TR E R T EF RSP L, 1
HERFSBRB I THRE EA XS E T
M5 g HLAREN . ADFFR I T UL E W 7R 2 N2 &
F A b g LR B R 1 AL S BOTE 5 ik X
HEAT AR MR 53 BT S 400 25 TR 2% X it 45 g 1) 552 ) 82

1. 4 fiki Bz J2 H0 5% I X 43 7 4 35 #r

I Freesurfer #4F X 42 il 32 5 3845 10 50 dis k47
SYMT S R AR 2 R X — S LBkl
W 5 — RGN 1 S HUE BT AR M T . AR
MR I T R P i DX A AR AR S (R 1~3) IR AT LA
A 33X 6 5 PR 28 X K i 45 ) X CT 114 5% i
FETENY 3 5 LA A 08 53 25 SR 2 — 200 L 53X 22 0 5500
Sk AT LA SE 23 G N 58 i S A 55 DT 50 A i B )2 ) D

SR
2

=

SIA
2 Z

wr

k2 SAEEHFAMAK(P0.09)HEERK

15 47 & J A% B P14 2 A% B P14
& ST —0. 646 0.017 S-vp ok AT = F R —0.67 0.012
X & GHTAw —0.571 0.041 — — —
5 om FHAf G-Aw 0.69 0. 009 — — —
EE G-Awm 0.587 0.035 S-& e f7 = k3R —0.576 0.039
S-p ki —0.58 0.038 — — —
SHTH —0.576 0.039 ShAn) ZL AT & AR —0.597 0.031
AA-AE A GHTw™ —0.642 0.018 GHTw™ —0.608 0.028
S- By v A7 35 —0. 629 0.021 S- & o} 37 3% —0.675 0.011
SHTH —0.691 0.009 — — —
E.SH AR A AR, G Ik R A A A,
%3 CTE#ATAHK(PL0.0)MEERHK
FicRon * B PR ¥4 P14 % T P4 P {a
fcayshc2 — — — — - —
X Sl &) Ak 4 AT A —0.574 0.04 — — —
+ tm 2 AE - - - - - -
EE S &) A% 4 BT 36 —0.765 0.002 Sl &) Ak ) AT 3R —0.638 0.019
S kAT —0.658 0.014
IS A-FEA S-{n) &) A% ) BT 36 —0.721 0. 005 S-1n) &) 4% 4 BT 36 —0.763 0.002
SG¥RATH —0. 687 0. 009
k4 AV EEHF2HX(P<0.05) 0 EERK
I8 A7 I xR P& kN xR P {i
& B — — — G-3 T = HE 3} —0.648 0.017
X #h Steirwmit % —0.561 0. 046 G#Tw —0.607 0. 280
A om Sl &) Ak ) AT A —0.615 0.025 GHTw —0.716 0. 006
S+ xEwE
EE S &) A A JE 3 0. 645 0.017 G#HTw —0.605 0.028
S-1E = ) —0.555 0.049
MNA-FEA S-n) &) A% A 5 2R 0.756 0.003 S-HE = N 1) —0.602 0.029
S-HE = 1 ) —0.745




858 TP SR 2014 4F 8 4 29 %545 8 ] Radiol Practice, Aug 2014, Vol 29, No. 8

me-zabs.th20 sig.cluster.mgh
Contrast: In-Avg-thickness-personal_socka-Cor
n=13, DOF=9 n=13, DOF=9

me-zakbs.th20 sig.cluster.mgh

Contrast: I-Avg-thickness-personal_sockakCor

mm)

EA(

of
[T
=
B
=
=
i

60.00 7000 8000 %000

IBRENITS

Bl MRIGHBERETEBEERELE TR FPAAALFIMEBREEE(FRATH)., &) MIEN; b) AM @R,
B2 #EtBAFARMCTEZATETABRANFEIEAMERG=—0.65,P=0.014),

LB R B AR RE S B CT By 38 I 1 2L
ARU I HLEE B T YA M S R . fE S O BRI
AR D& 43 A7 PP R B L 5 HL A R S P 1 B X R A
M 2 T 22 I DR L FR AT AT DAk ok A5 i 7E J5 K 1 4 3
BRI e T HOE 28 2 1 2l 28 25 8 in BT R, 5503 /) DA b
Hou sk eR YR RE R A T X — R EN T
Pere B EAE R . A0 A VR 38 104 53 i A S SO F i 45
Ay Bz 2 10 JREJRE 3% T AL I 6 3 00 2 8 ) o e £ e e )
TR JZ U0 1l 26 70 A 22 £ 2 1) HE B o 33 T ) 2 e e 22
% 1 Y

2. 43 X WF 5 10 Bz J2 2 500 AH 56 I DX 4% 1 40 A

HEAT 43 X i B2 2 S 405 8 0 iR PF o I AH O 1 4y
Hreh FRATT & BL T K WA Go T2 5 SR A 56 il X
FE 55588 7 5 FVE A3 A AR S O I 1X AP s oA T O R 4 A
Kl s I X FIE T A2 A0 50 12 2R 0 o B R Bt
T HEZ WA X, B2 Ta . i Z RS
B 7B VE 43 A S B IR X P T B Jrk s A 6 X
(2 LT BT [\, 7 K40 il X2 67 A 26, 2 2
5 T3 Z [ AH DG il DX 1) 43 A 5 DA A 5T — 3k, RIS
T AR 5 IE AR IR — 30 B oy DAAE SCk b
W5 ) 2 )2 TR 22 B0 1 0 e i R 28 B 7= L L i
AL SR AR LD G EDR S T & 5 80M et
25 5 . SF ¥ il % 5 ) iRV A0 AH O Ml X 4 v L
B YU S R A D) RE DX AT ] R TR X (3R 3) 5
TRz 2 V5 B 58 ) e RVF o AH DG X M 5 R 2N
XA AH S R B X (R O B RAHE, BRI A
SN M XN 8 T UL B B 2 B A R v B X
FRATE HXAE IS BRI T R F A 1, X 8] 12 56
WE TR R B

3.0 F HARAH CE M T ie

MRFPERIZZEE CT 58 T ERTESE AN
K s — AR FEARAM TR /D 4F 119 Bz )22 AR B R B A i X
F1 Bz )22 V55 BE 5 ) HE 201 B A 2 AR 7 38 s B 5 1 IR

AR T A SE, b I R RS BT R % 3 B
AAH S RAT T MR B MR-, K2mM
(SV) 555 Iy 1 2043 0 KB 43 52 16 A1 56, PRk mT DA 33k
CT F SV REE AW & RS — A Xz 242
SAAHRL SV BN, [ Z IREK o X AR A O M B R
19 53 BT TP B3 — A S 5800 A G AN [R) i X 26 30K
AN T ) E 367 AH O L ) G il 25 55 58 ) o 3R R 0G4 A
rh L AR 43 SR TR DG L T H B BOAH G X R R B A5 A
D) B il 224 2 AS [ 9 4 P A gl B T g X 7 &
B LR bt I AR R 2P AT AT S i DX B KA R
AL AN . AT R B R R AN TR i X
1) & B A AT 8], gl JLEE &t & O i BE A %
Bl 7 2 A 08 i AR T B T 2 R R XA
PR 3% 5 A5 r A5 30 014 A A 1 X AN [ 1 A+ 0%
PERI—3. UL 765 B X R E A G fE rh
WEN TR RGESIE,

4% Bl LR 2 I A 1)

NS TIF 2 11 R H A OGP £508i v w] DLk B Bz 2 %t
T IR 45 4 A AN ASUAS 2 B 40 1 i ) F TR O 7 R
AR BB 2B EZ TIRHES LG Z
PRI B LG R Z R g ABFFE AR AT 45 I %
A REER S TES LR A R F i F b A o ORI 5 I 3
S C AR VR L E TR LE K )ZR)1Z 5 m ,
& B AAR LS = 5% A BB Apk L R L L
T BB L A AE T S I R A X R R A R R
W WA CT Hah LA B L BRE R BAMHE. 54
KFEAS 2 B 58 2047 5o BT DA 57 % L A5 A B B i) B2
2R E BRI LA B ARG 4 T AL NI —
PR b ] DAPPAS AR 1 & B RO JEILIE 3 Ty 1 %
B % B RS » DT XS A ot L ol 2 0 AT R M

5. SBM & kL

SBM 5577 1 00 T 1 25 44 i iiF 5 08 2 F AR Y . AR
WEE T o F Y Freesurfer #004 WATAF5E 77 14 v BT A i



AT 2F 2 2014 42 8 A% 29 #45 8 ]  Radiol Practice, Aug 2014, Vol 29,No. 8

i MR 5 73 B4 AR A5 500« AT 52 2% (4 U4k B R iz

R A S I 2 DCORERR  THE S A ik B A

i DX PR B 2 BCH S AT DA £ i B il 4 R 1 B T S

R R RO 5T AR BE BEAT R BB 2 AL 0 B B

PR R A Y A T 2% 0 SCHR T A TR AR

BP0  E £ Ok

A7 53 FO R0 E A I AR o A K S5 R )22 43 S AR T A T

R NG 28 S 100 5 ) 8 A TOL A AR R S 2 R

JE BRI B R AR A 2 2 S T s

(1) i J3E b 5 AN AL ] SRR A 2 5 B2 L i R I A

233 IR HOHE A A 2R O3 B A BRI DR O AT LG T 2R

() 7. 2 K R0 ) 22 5 B V2 DR T A 00 o A P D T

Pl 53 S 41 202 3 BT R R TE

Freesurfer B8 45 2 7158 0] 58 M © 76 A [A) By K G 4k

PRALES FUAS [ 37 50 B ) SR B T AP R
A ST P a0 A 148 AN IR XA P L T s A

& MRI Jf ] SBM 5 i i 22 109 7 86 3647 1 2 LR 2

ol 58 Iy iRV IR BAH DGR 2 . KRB Z A I X

CT 58 e &R AE) 2R, i

3 FSE(CT SAAV) & B A7 76 A I X, 3 2o

Xof AR SR DX ) 45 48] R 23 B 1 AR G 0 A TA R I R JE Y

ML S 5 T Y ILEARNE I GEF S50

RE I & B R BRI HA AT I8 . Hy AT R 45 4

RS HILAE T kB K kL2l N RE ) A

KF . WA MR & 5 B 2 454 a] DL 4 L

10 & B PEAG ) 2 LR A

5% 30K :

[1] Dalton TC. Arnold gesell and the maturation contraversy[J]. In-
tegn Physiol Behav Sci,2005,40(4) ;182-204.

[2] Driemeyer J,Boyke J,Gaser C, et al. Changes in gray matter in-
duced by learning-revisited [ EB/OL]. PLoS One, 2008, 3 (7):
€2669. http://www. plosone. org/article/info% 3Adoi% 2F10.
1371 % 2Fjournal. pone. 0002669

[3] Haier RJ,Karama S, Leyba L, et al. MRI assessment of cortical
thickness and functional activity changes in adolescent girls fol-
lowing three months of practice on a visual-spatial task[]J]. BMC
Res Notes,2009,2(9) ;174-179.

[4] Engvig A,Fjell AM,Westlye LT, et al. Effects of memory training
on cortical thickness in the elderly[ J]. Neuroimage,2010,52(4)
1667-1676.

[5] Narr KL, Bilder RM, Luders E, et al. Asymmetries of cortical
shape: effects of handedness, sex and schizophrenia[ J]. Neuroi-
mage,2007,34(3) ;939-948.

[6] Skranes J,Lohaugen GC, Martinussen M, et al. Cortical surface

area and 1Q in very-low-birth-weight (VLBW) young adults[ ] ].

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

859

Cortex,2013,49(8) :2264-2271.
Martinussen M, Fischl B, Larsson HB.et al. Cerebral cortex thick-
ness in 15-year-old adolescents with low birth weight measured by
an automated MRI-based method[]]. Brain, 2005, 128 (ptll):
2588-2596.
Jackson J,Balota DA, Head D. Exploring the relationship between
personality and regional brain volume in healthy aging[J]. Neuro-
biol Aging.2011,32(12):2162-2171.
Skranes J, Evensen KI, L? haugen GC, et al. Abnormal cerebral
MRI findings and neuroimpairments in very low birth weight
(VLBW) adolescents[ J]. Eur J Paediatr Neurol,2008,12(4) ;273-
283.
Zubiaurre-Elorza L, Soria-Pastor S,Junque C,et al. Gray matter
volume decrements in preterm children with periventricular leu-
komalacia[ J]. Pediatr Res,2011,69(6) :554-560.
Cubillo A, Halari R, Smith A, et al. A review of f{rontostriatal
and fronto-cortical brain abnormalities in children and adults
with attention deficit hyperactivity disorder ( ADHD) and new
evidence for dysfunction in adults with ADHD during motivation
and attention[ J]. 2011,48(2) :194-215.
Dale AM,Fischl B, Sereno MI. Cortical surface-based analysis. 1.
Segmentation and surface reconstruction[ J|. Neuroimage, 1999,
9(2):179-194.
Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis.
I1. Inflation, flattening, and a surface-based coordinate system
[J]. Neuroimage,1999,9(2) :195-207.
Fischl B, Salat DH, van der Kouwe AJ.et al. Sequence-indepen-
dent segmentation of magnetic resonance images [ J]. Neuroi-
mage,2004,23(Suppl 1) :S69-S84.
Fox MD, Raichle ME. Spontaneous fluctuations in brain activity
observed with functional magnetic resonance imaging[ ] ]. Nat
Rev Neurosci,2007,8(9) : 700-711.
Jovicich J, Czanner S, Greve D, et al. Reliability in multi-site
structural MRI studies: effects of gradient non-linearity correc-
tion on phantom and human data[ J]. Neuroimage, 2006,30(2) ;
436- 443.
Rosas HD, Liu AK, Hersch S, et al. Regional and progressive
thinning of the cortical ribbon in Huntington’s disease[ J]. Neu-
rology,2002,58(5) :695-701.
Kuperberg GR,Broome MR, McGuire PK, et al. Regionally loca-
lized thinning of the cerebral cortex in schizophrenia[ J]. Arch
Gen Psychiatry,2003,60(9) :878-888.
Salat DH, Buckner RL,Snyder AZ, et al. Thinning of the cerebral
cortex in aging[ J]. Cereb Cortex,2004,14(7):721-730.
Han X, Jovicich J,Salat D,et al. Reliability of MRI-derived mea-
surements of human cerebral cortical thickness: the effects of
field strength, scanner upgrade and manufacturer [ ] ]. Neuroi-
mage,2006,32(1) :180-194.

ISR H 9 :2014-06-03 & 8] H 151 : 2014-06-30)



