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Different contribution of early visual areas to perceptual process of contextual modulation ZHANG Lei,JIN Zhen, LI Ke,et
al. MRI Division of Medical Imaging Department,306 Hospital of PLA,Beijing 100101, P. R. China

[ Abstract] Objective: Controversy still exists about the role of early visual areas,especially the retinotopic regions,on
contextual modulation. The present study is to observe the intrinsic modulations of contextures in V1 and V2. Methods: Sev-
en healthy volunteers were involved in a block-designed fMRI study whose BOLD activations in V1 and V2 areas of visual
cortex were extracted and analyzed. The first stimulus was to identify the retinotopic visual areas with rotating wedges and
expanding rings. The second was to study the contextual modulations with two small inverting checkerboard sectors with i-
dentical eccentricity but varying distances in the upper visual field. The average results of ROI size for V1 and V2,as well as
the changes of activation intensities for different tasks within respectively ROIs were calculated. One-way repeated-measures
ANOVA were used to compare the significances of the variations in early visual areas. Results:In V1, no significant modula-
tory trend was found regardless of the location of the second checkerboard sector (P=0.073). In V2,different modulatory
trends were observed, the significant modulation occurred in V2v (P=0. 047), the strongest response was evoked in trial
condition with the closest spatial arrangement between two sectors in the visual field and on the cortical surface. In V2d,a
trend toward significance of modulation was observed (P=0. 054) , the weakest response was found in trial condition with
the most distant arrangement between the two activations on cortical surface. Conclusion: The contextual modulation oc-
curred in V2 area, within the same visual quadrant,the BOLD signal increased spontaneously with an adjacent stimulus. No
contextual modulation occurred in V2 for contextures located in different visual field across the vertical meridian. V1 didn't
contribute significantly to contextual modulation.
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TE N B RL 58 BRI 5T T s — A R Al 0 ) 880 gl 2 R
B rp 2% A 23 B0 R R AE S Qi AT 255 18R — A o 2
AT B Il 42 32 . 1% 48N O B o &R g AE R IX
(early visual areas, EVA) & % B8 AH B 45 9 il B 3k 47
LA BIRA X (V1L V2, V3 & V4) £ 58 40 H7 i
B R TR ARAE L T B e ML X Chigh visual areas, HVA)
FEAIE KRG . HATC A MR R
AU R AL s b 3, vl fE 2 5 7 B R 58
AL AHIEGE N 2 AN R TR S ) B RS A /NBLTE R
AL R THD 179108 Derprtamen, of Diognostc Redhologs:
Medical Physics. University Hospital Freiburg, Freiburg Germany
(Hennig Juergen)

PEE B 5K (1965 —) . 55 o A 52 iy WP A0 o N 1 L I B4 %
i+ = DA S ol 22 IS 5 e PR G B RE SRR AT

FF DA AL 58 T A g A0 SR 3800 4% R0 T 0 B A 3 i i
1877 15 KA 5T L DX Y D RE R 3 B

MRETE

I 7 i e R B (B S L 2 D SN T SE N
W 26~33 X1 28 X, 2 JC A48 BORS B
BB IEJ5 ML A RIS . B 32 R
N AR TR .

P50 BORIAT: 55« B0 58 HEGE 18 LCD 52 AU 5
T 1] E A A B P Y B B R o b 2 R A [
TR R V8 bR S B WL B o B R e 1
Matlab ( MathWorks, Natic, MA) M Psychophysiscs
Toolbox %5 . L5 Hl 5 2L i D) B8 AR 43 41 Jk ofr [+



HOST RS2 2010 4E 11 A4 25 %45 11 Radiol Practice. Nov 2010, Vol 25,No. 11 1199

Hfilh %

S e A 2 1 RAE 55 5B — AL T e
LB 2 1 400 190 Bz 2 Bk ik IX 3, T VL. V2 i V3 AR
[ DX 8K/, W0 3 38 Oy AR T i % AL 4 4 (rotating
wedge) & I 3 i #4544 (expanding ring) . 7% & &
DB 1. A58 B — B B 0 B R3S 30 s, B
B A LA E 5% 3607 5B e 26y vt & e A0 BRI B
6] 45— 23 ) T B A 8 MG ER L B 240 5345 41
RS T 55 . B 1 Bk 2 SNV TR BB TR R
YA 43 0 RAAS [R) 25 [6) B 38 4 B 5 Al AS [l Jy =X
(Trial-1 & Trial-5, & 2), & F 5 2L LA He i1 80 2
W BEIR 20 s, AN [a] HE A 7 =X 0] 52 B0 AR Bl AL 75 =X HE
G| B —AT 55 Ja Y BRI S 2R R 3 (fixation) 20 s, £ i B
[E] 3£ 400 s,

BT RSS2 IR 2 BE 8 XU [v) I 5 0 AR 5 AT 55
HRC o AT B S S ) R s 3 R — AT
R A2 e A S P 2 6 5 7 Ol i (R B
BLBETT A8 i) 6] 5~15 ) AT T2 48 il 5o 0y i 48
(&8 5L BRI E) 200 ms) - 3 H 33 s 8 i ] K% 1F
R, TR B AR AL T LB 1k A7 0 R R 2 Ak
DR 52 1) o DR AR VL0 B8 o I 46 vh T R ) S ROT
AT 55 .

Trial 3 Trial 4

B R AR B o3BT < I AT S 30 08 SR B B ok A 2 T
i IE Freiburg K27 B& B il 56 B 58 8. SR AT 3T 42
HHH#i 1L (Magnetom Trio, Siemens, Erlangen, Ger-
many) . 8 AR L&, -2 EHRER
O3 B ) B 4% (MPRAGE. TT 1100 ms, TR 2200 ms.
256X 256 X 160, % fi [Al P43 B A 1 mm) . B REBAL R
FAESEE EPI 4 (TR 3000 ms, TE 30 ms, %1 [ 64 X
64 XX 64, &[] [i] V5 43 B J1) I S FEAT 3k Bl i e 41
BT IE . B2 1 D RE AR LA R I R SR R
8 B A5 VAT 55

JIr A SR B B 1 42 9% Freesurfer HOPF 6 AT 4L
B o A0 AR AR K L T Slice timing DA K& 3 mm
o 0T T AT AL B A 5E R AT 55 RO R AT T
AL PR o R REAL B2 IR B e 23 AR TR R 2 AT I (]
FH A, B A% Pk A (polar angle, RIBZIE Jié %
L S SRR T 7 A 1 B D RN L BR Ceccentricity , B
T 4 5 AT S5 R0 BT 7 A= 00 0 D K 3 [ Adb 3
A HEE (fieldsign map)™ ' X fF 7= A2 11X A iy 44
J 0] PR 5 W AR IF 5 S0k — B0 . R VILV2 L
Ko V3 AR B AL TR HR Ay VILV2.VP LK
Vv A i EALET

X5 5 A [] 1 B0 B B 08 AT 55 A AR A Cerdal)

Trial 2

Trial 1

Trial 5 Fixation (2f)

B 1 ALR RS R AL R EE A TALR B R AL S A, A R R R — ANV R 6 BT R 34 b 30s, B R S AL &
He A A 360" R Y BRI TS BRI E— RS A E R EL 8 ANERL B 240s, AT LAY 2R B HA R
R 75 XA EASKREN, a) B IH k4 &4 (rotating wedge) ; b) 3R F B At & #% (expanding ring) , 2 AR
TSR FER, B 1(Trila-1) & 2 A (Trial-2 £ 5) 2% 28§ AR &SRB R, 5 L5 A REZ R IESARREH X, P

Trial 1 £ Trial 5,fixation A X &L K&,

S5APZMA X AB A F XTI, — 125 B HREALKRE 20s, 24248 2 K, 6" 4

400s, MIA BB AR PO EMEIEBAF, Trial 1 AR AT HAZS LR, H = M A RS A 24 45°,90°,135° % 180°
A, a) Trila-1; b) Trila-2; ¢) Trila-3; d) Trila-4; e) Trila-5; ) fixation,



1200 T 2E SR 2010 4F 11 H %8 25 555 11 ] Radiol Practice, Nov 2010, Vol 25,No. 11

Y5 RMIR A (fixation) #F4T ¢ & 36 (P<C0. 01, cor-
rected) . FHIET gamma % A BRI 3 2) ) 2% 2 fig
SN R B AT 43 BT DA A 25 RS SO B O 5 0 R
T A0 IE K S R 2 2 E ES L R AE IX
Bz 28 G Bk B R T Ab B

Xof 45 5 )2 3R 8T (R0 15 5 HEA T %8R DX o
JE4r BT ROT AL E B FAL 55 1 (Trial 1) i 41
V1,V2d GEM V2 XD J Vv V2 XD #0005 7
B (E 3) ROT S [ Bk 45 5 3OIR 25 A i fe K B0
WEIF R A ahiiss . JRIBEAE 55 RSN Bk 3
A~ ROT 4 1 1l 48 7K S 4K i (BOLD) {55 5 5 B2 i 47
ANOVA 43t 7E &V B 2 EHR E & RS 0 A 8]
T OO (5 S B AT AR UK 4y b e T {5 5 (A4 B
=3

H o
s R

749 323 A B Y AT T AL 3R A A T A
St sk s IEAZ R R BA W B R . il itk
1 RN 0 B[] Ak B iy A5 3] 170 400 o Bt S5 B J2 DX T LA
BRI XA A 6] LB 2 43 X, Trial-1 R 25 B B A
B3 B BIT 77 A B 3 ME AR 2 T VL s Vad B B
WAL Vov B R A G 3D 90 o i) 38 B 5 0
o 5% Aok B 7 J2 4 IX b ST L E AR A

Trial-1 RSB S B A RS P A (B 25
TASBER T A B O Bl 0 AN ) I S
ASBEREHRSAE VI B V2 X 3006 35 07 8 X 43 9307
Bl o T4 S A R A A B R B I R S L B
Trial-2 AP A (0 380E (B 4) . HACIRAS IR 380 43 51
PR T AN A 2 BRI B X Gy

7 ) 5218 AR A R R T 7 AR A X RN B
HE T AR AR ROT A M 4 % 1, 5 — 4
FIPAE 576 V1. V2d Ve BF¥EE g a2
UL 5. &FHT 4 T BOLD {5 550 5 ) HL A R T 7
SR IX A [ X 38 B0 VL V2 0 I A7 78 19 98 5 R 3
XTF — ROT N %1 ¥ & Repeated measures oneway
ANOVA #EA7 t Z1E Be 2 1 G231 43 A » 45 R R W AE V)
PR Z VT DK B A R OTC T8 7 T A AT AT Ao
A R I A — ORI R R R (P=0. 073) .
X V2 X B E B N V2y X A2 1
B (P=0.047), 3F HLAE Trial-2 JJRAS T #0555
SR Z T I A 55 0K 0 U T R AR 3 T S /N AR R L 2 B
TE LIS Ff e I RS 1) B J2= 26 T A A s ) e o
2R I BT 37 1 S 0 i JBE 6 W AH LA 5 A 2 B L
— /IR AR B R B G i e, 7R V2d XL &S
REUIA BT BZE M EE(P=0.054), 78 Trial-2
ARZS IS O A 355 OV 2 LT+ 5 V2v A B, 1 Trial -2
SRR S BE AL B RS O T Vad KRR
PR BRI (I8 4.5).

1 TEABRSROIADRHAFEBE RN ERHER

AL ROI kX +»* Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
V1 X 65.8 6.76 7.86 4.91 6.00 5.98
Vov X 80.5 4.89 5.38 3.64 4.05 3.50
V2d X 45 3.53 2.35 2.36 2.99 2.44

A" ROL KA 09 845 A4k &,
it
V1 X381 BOLD {55528 A AN Fifi il ¥ 76 19 4o &
RSB AR o 33X A 45 S 42 7 90 O XK T B o N 2%
BAWENT A= EEN . ILE e W e A
sl XA i B4 I SR T T AR S AL BE PN 2 T B

B3 Trial l#FAROIGCER, AMBERERHNEER TEETEFRPFLEZOM TR ELAGCEMNFH) . TR AT E
AEER S ARRME S KB VI V2y,V2d 5. Trial 1 #l#BE3E VI R gtiE V2 K, ix 2 VI & V2 R eyt E 42 B k&
7 BOLD 4 % 4478 ROL 84 42, RO 5 5045 F V1. V2v A V2d R, ZAAEAEC > ARATR PO B A A,

Bl 4 Trial 2 R8P = A G Mt K ERE, O MERS EmTHAEMEREFOHRTELEL, x RA2FEORERZTH L
LALE ASTHE AR AT A D) B a R BERL T E e T RO RE L, TRAARREG AR ERE A S AR
FERTHELRARSFESHF THELGRAMNK A,



T 2F LR 2010 4F 11 H 28 25 %55 11 ] Radiol Practice, Nov 2010, Vol 25,No. 11 1201

25

2.0 1

-
<]
|

BOLDfES &M (h)

[
o
L

TR ®

B5 V1A V2EKA ROLF 2B £ A #] i 4E 4 F BOLD &
B FHEFTRETAT L, B R ENT A HARY
FE3 ) R EAL A . 4 X R ROI A BOLD 45 5 3% F T 409 &
W, VovE A B E AT EL(P=0.047),V2d AR ¥ 4 #
(P=0.054), V1 EHWA R EA(P=0.073), AR M ETLL
& F Trial2 sk &8 Vov & V2d K3, b ot 3 A it & 3k £ LS
W 3E & R,

SCRAAE V1 RG] B 28 50 AR R8T B0 o i 2
IR YA o A 2 R 6 T A T A
Jird B 114 2 A% S I8 KT R AR O R P Y — > 2 R
YU AL MBI 5 A O X T BT AR R Y i T g2
RALE VI X IF BB e R = ke, |
S B A9 ik EMIRT AIF 5 41 2K BE Tk B B0 28 40 10 %
TR 2 o s b O AE VI K
SENACH AT REAL R B G HOR AR BT 2 B AE AT A
FEL 18 A2 BEL LR 0 X 43 B N i AR . AR B SE H
RS v o A e P T T A DA 32 R
R AL R 7 LE AT 3 4 A2 J) B AL A A B ) A 55 R
W 7O A A ety 5 AR T T AR R
TE V1 J V2 RN i ™ A B 300 249 8] 8 DX 20 97 DU .
PRI S #o  N 2 b  HE A 7 ST BEAS 2 DL R VI
Bl Z X A0 N 2 T B e L 0 AR F SRR VIR
FEA NPT AHETF V2 K, Kastner %57 45 1
V1T 4058 N 25T 39 08 o — A i B Ao I 2 R B
AR OR Z AR B 3 BT BE 5 A ORI VI X A2
JC. AHAWEZE B RO A IR A K2 B 4N
25 BRI FRATTHI A5 A A %o 5 T A BF 5 e 0 A e
WIS Z AW ER . X455 RS ZH IMRI X}
V1 X 5T 8 88 N 2 08 1 4R I B O A R 2 — B
e,

DA LA T, V1 X3 AM SR X (extrastriate)
F18 DX 1) 2 LA e I A B T 3K S B K AR AR G 4
SV SR ORI L AT BB T B VL B = W A TR T AR

Kastner

BRI Z — o X Bhpf 2276 3 5 1 R 40 1Y IR AK IR
L 3 771 2% & W 3% % (hemodynamic response effi-
ciency, HRE) JFUU", 25 i 25 e 52 25 BOLD {5 5 1) 3
JE KA [ 43 Hy . ARBESE V1 X I Hi = 205 sl jE -y
WA IX HRE 5 H & DSl A A 5] . B Al 2 1R
SRITHY) V2 X8,

AwE5E V2 KB AA BOLD f i 35 /E i J0H:
18 Trial-2 YRIAETF 245 2 DRSS 1 AR L p)
B W e 58 Z0 . Tamura 550 44l V2 KR £
I B AT 88 B Jy 1) RCE Sk PR T AE VI XALE D
B2 M B X R R M TR V2 DK AN ]
LIt HA L HINEE e V1 Kk, I H V2 B
HIREIL L V1 J71Z. Hegde %1% X4 B2 2% 1) 3 %
PEFFATOE TR V2 B2 ST i X R T 52 2 JE AR 1 ol
W BSE RS RAEFEE. M VI IEARE, H
WA 2 K e oS - VI V2 X p 28 o0 1 LA B
FERFE R B V2 K AA BF RN 1 V1 RA s B R
FE SCHIBR R dIA S VI X &4 BOLD #5/E M . (H
J& Vav i V2d IR FEY . Sy aE 5 BE V2 #h
LI TH R R E L ARAE B L I Hoal WAL o8 5t 4
Tl O R R IR RS BT . TE Y S
L V2 DR ) A TR B EAT T A A AN () 6 ) 3R
W IIREAFE L X 5 Z T AW SCRRAR A

BEA  ABETER M V2 KIS Vv K& Vad B4 A
(7] P9 3081 5 8 BRI RE B2, ) IR 1 R A 2H 2 400 i 2 B 20 g
UEE R SCHF . T AL b BT S 4278 V2 v i i )
I DX S 7E e e 1] L R R R ORI RO 22
T DRI FRATT A I A A 5 A A A 2 )
s TR T EAER A ] RE S BUH B V2 X
PRI Vad i IX ] .

ARy, V2 AT RO s R N A
LT AL 28 B 1) AFDRE 2 ) 7 5l 28 e 5 | S ) 98 0 A A
1 A R 1Y S d 5 S g 5 Y 0TS BB K AR AR Trial-2 AR
SLMCRETEMEF B TREEE., Bax R KK
P ¥ B SOIR T X VA By # je J2 4 ] 8 6 M T
BT TSR 2P B T 8] — > 40 2 52 X
EATTRE 23 58 A A0 M1 SNz s I HLIX R 3E A X T BT R TE
A A . B 2 — AL T 2 XL T
T3 A — A TE 32 X Z A B 6 T Ak A A
AN X V2 J VA K — B IR EE T Bk &
B, IF HL A 20 S e ) R T BT T R A R O HL
20 O T R 22 W O L 2 L[] B B 5 vz B gk
ANDE IR A v B A A B AR A P i B
WIS I, V2 SO B W) o 25 R U O i T gk
AHH AR A B Sz 07 A8 A5 LT AH 48 BR /N . DR I #fE
XA LR AT T AR AT R Ry, Vav



1202

WSSz ER 2010 4E 11 46 25 %

% 11 ¥ Radiol Practice,Nov 2010, Vol 25,No. 11

Vad ) BOLD Jz )i th £ 7w () JE AR JL-F- A8 &, 55 bR |
SRR TS V2 DR A AR R A BB Bl A
PR TR 7 R OF Bz 2 3 1 IR B T o R . X R R TE
V2 DX 355 38 ) e S BT i 5 — A SR A S G
O 23 1 T sl o 20

SN 22 G0 0 B A R BRI S XL . AR

%Lﬁ]MMW§MEWﬁﬁmm§%Aﬂmwk,
ZJ5 43 A G BRI K 2 K A R0 R R R
AT IE 4% 22 B 56 B 09 90 58 2 B A A% 6 4 ) 400 B (1) A B
et . ARBFST AR B A R B V2 5 X6 ) ) 4L 45 e ofl
WEATEAEM . X R Y)Y 5 B T
Ty A TE @ P IXA G A B — &, H oy ix
o B % K T AR A 8 5 DX ke A 5 TR A R Xt i) 4
MDA 5 AL Rk, V2 (R AT TR A 4 R
I A o P 2 9 PR T .

ENVENELE SN R E & NS KA
WAE AR R AMFE . VI KR EA B0 JE T
B, A R AR ) BOLD 5 22 R0 V2
*W&@WB%@ﬂMHﬁEM%&@%M% Fasiis

(R RERYER RN R K A R i NI I
Vzaﬁmmﬁiﬁwﬁﬁo

HH . A B R 42 3] 4& B Max-Planck-Price (Juergen Hen-

nig) & Hertie Stifung % & % 84 .

S 30K

[1] Zipser K,
primary visual cortex [J]. ] Neurosci,1996,16(22) ;7376-7389.

[2] Sereno MI, McDonald CT, Allman JM. Analysis of retinotopic

Lamme VA, Schiller PH. Contextual modulation in

maps in extrastriate cortex[ J]. Cereb Cortex, 1994, 4 (6);601-
620.

[3] Tootell RB, Hadjikhani NK, Vanduffel W,et al. Functional analy-
sis of primary visual cortex (V1) in humans[]J]. Proc Natl Acad
Sci USA,1998,95(3) :811-817.

[4] Tootell RB,Mendola JD, Hadjikhani NK, et al. Functional analysis
of V3A and related areas in human visual cortex[]]. ] Neurosci,
1997,17(18) :7060-7078.

[5] Ban H, Yamamoto H, Fukunaga M,et al. Toward a common cir-
cle:interhemispheric contextual modulation in human early visual
areas[ ] ]. ] Neurosci,2006,26(34) :8804-8809.

[6] Kastner S, Nothdurft HC,Pigarev IN. Neuronal correlates of pop-

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

out in cat striate cortex [J]. Vision Res,1997,37(4) :371-376.
Kastner S, Nothdurft HC,Pigarev IN. Neuronal responses to ori-
entation and motion contrast in cat striate cortex| J]. Vis Neuros-
c1,1999,16(3) :587-600.
Nothdurft HC, Gallant JL., Van Essen DC. Response modulation
by texture surround in primate area V1; correlates of " popout"
under anesthesial J]. Vis Neurosci,1999,16(1) :15-34.
Sheth BR,Sharma J,Rao SC. Orientation maps of subjective con-
tours in visual cortex[]]. Science,1996,274(5295):2110-2115.
Rossi AF, Desimone R, Ungerleider LG. Contextual modulation
in primary visual cortex of macaques[J].J Neurosci,2001,210) ;
1698-1709.
Kastner S,De Weerd P, Ungerleider LLG. Texture segregation in
the human visual cortex:a functional MRI study[ J]. ] Neuro-
physiol,2000,83(4) : 2453-2457.
Schira MM, Fahle M, Donner TH.et al. Differential contribution
of early visual areas to the perceptual process of contour process-
ing[J]. ] Neurophysiol,2004,91(4):1716-1721.
Weber B, Keller AL, Groso A, et al. Quantitative aspects of the
microvascular system in macaque visual cortex[ A]. FENS Fo-
rum Abstracts[ C]J. Berlin: The Federation of European Neuro-
science Societies,2006. 179-185.
Tamura H,Sato H.,Katsuyama N,et al. Less segregated process-
ing of visual information in V2 than in V1 of the monkey visual
cortex[J]. Eur J Neurosci,1996,8(2) :300-309.
Hegde J, Van Essen DC. Selectivity for complex shapes in pri-
mate visual area V2[JJ. ] Neurosci,2000,20(5) :61-66.
Burkhalter A, Van Essen DC. Processing of color, form and dis-
parity information in visual areas VP and V2 of ventral extrastri-
ate cortex in the macaque monkey[]J]. ] Neurosci, 1986,6(8):
2327-2351.
Moran J,Desimone R. Selective attention gates visual processing
in the extrastriate cortex[ ] ]. Science,1985,229(4715) :782-784.
Luck SJ., Chelazzi L, Hillyard SA, et al. Neural mechanisms of
spatial selective attention in areas V1, V2, and V4 of macaque
visual cortex[J]. ] Neurophysiol,1997,77(1) ;24-42.
Kastner S,Pinsk MA,De Weerd P, et al. Increased activity in hu-
man visual cortex during directed attention in the absence of vis-
ual stimulation[ ] ]. Neuron,1999,22(4) .751-761.
Giesbrecht B, Weissman DH, Woldorff MG, et al. Pre-target ac-
tivity in visual cortex predicts behavioral performance on spatial
and feature attention tasks[J]. Brain Res,2006,1080(1) :63-72.
O H 9 :2010-03-04 & 181 H 319 :2010-09-12)



