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Abstract: [Objective] To explore the cognitive processing of visual modal in tinnitus patients and then provide data for tinnitus
evaluation and treatment in future. [ Method] 65 subjects were enrolled in this study, 38 of which composed the tinnitus group, and
the other 27 composed the normal control group. Visual cognitive processing was investigated in both groups through dot probe
paradigm and appointed task completing. All the acquired behavioral data was analyzed by SPSS 19.0.  [Result] There was no
significant spatial bias in sensation and perception level of visual processing for both groups. The visual processing was similar in
different severity tinnitus patients. The reaction time of tinnitus group was longer than the normal control group in the sensation and
perception level of visual processing (P < 0.02), and there was no significant correlation between the severity of tinnitus and visual
processing. [Conclusion] Although there was significant spatial bias in visual processing in the behavioural data for unilateral tinnitus
patients in this study, the visual processing of tinnitus patients group was different from the normal control group, it will be
inspirational to probe the potential neuromechanism of these phenomena for tinnitus evaluation and treatment.

Key words: tinnitus; cross-modal; spatial cue; visual processing; reaction time

[J SUN Yat-sen Univ(Med Sci),2016,37(5):709-714]

T8 HH AR, RN 2R AR X B AN [R] g ERCIRT T EG S — B R S SRR T A
"B I A1 ST A B RS 1 - ) U TE B 58 W SEAR R, 2 R X 18 1355 (S ol 22
SR YT 55 B 5 2 Sl A 5 A BR A T sl ) B RFE I TR E | N K 5 A

Y s B H#A:2016-01-11

BEE£WAB .7 ARAFHLTR5 H (2012B061700073 )

YEE Iy BB AL, W1, BRI, W58 17 B S5 A AT 2R | E-mail ; yukisolomon@hotmail.com; ¥ #ERR 38 {5 VE# , T+, @l 4T
I, 5T 1w - PB4 AR L] 51297, E-mail ; zxiangl@mail sysu.edu.cn



710 IR A (B A R )

o537 %

PRBGUE REBEUR, T 2 W L 38 T A AR R
T APk, EABOR AT 5T R I H S X 8
LS T8 TE DRI T A2 100 G4 7n Hn R 25
AR GE I T REST BT e, Hms BAT J7 k- A7
I Ao s XU, Cuny S HFFE R B, AL 55
LT HMER, PATHCR S T AR R H R
M PN RE S TS (MR, [ HM A T S A
AR T A T 25 [l 1) o BRAE AR 2 AF 98 S0 FF
I TR T () A 7R 43 ) 4R 2R 000 12 s H G AR
LR 8 I A TA RN T a] B 2 Ay HE NS A £ AE
1115 H B R P 2 i 1] (E:, H RTAIE S 22 OB
B8 8 B Rl SRR A Sy JE A 600!
AR e TR TIRARR DS [ i B4 Heng
(AR Z M 5 A8 H AT W EEA R, o8 1 W
B LA L TR, R — 2 i v ) S 5 A i A
RN TR, O HE B ARG L3677 B0 50
PR AT R A AR 55, 38 i BT
GRS, RGN F0S 85 L i T4 B B
SRS [ ], BT BEAEESE , FoAT il Hng
SR BTN T2z B A [l i a] , 5 3R Hn A
AL IE 15 A 2R A S U B i T

1 #M#H57*

ARG Ty G ik v 1 KA B I 27— B B A 2
TR WO @S, B s A SC R R
WEBAGE R, 7ELRE e SR —e
BRI A
1.1 LI

F A R Yo AR (B ERL )
IEH s BAT s DL SO | e B A 5T 1) 45
YEHE 4 s REAE TOA ZkE i s 5 76 SC 0 i 7 il A T
A RAATEAE R AT T (ST Sk SE ) s 7E
SCIGHT 24 h A IR AT fol 4 DS BlORS ph s 2Y
Yy, EMARIET 2015 457 H 2= 10 AEPR LK
2B IR 5 = s B B s 0E R T2 SRS 1 HS B
AT 38 Al MY 19 44,55 10 44 |
49 % AR (29.5 £ 5.7) %, B FE R 2 ~ 730
d; FERS 19 44,5 5 &4 Ae 14 24 4R (27.7 +
6.7)% , HUEHE N 3~913 d, *f B4 Sk J5 T[] i
Wi LR 2R B 2R E BB, AT 27
AL, H 18 4 9 4 AFIR (218 £2.4) % T
A A B T ) N R E R

1.2 BB EE

T ER O AP AT G S G
ok R (Tinnitus Handicap Inventory, THI) H 5
VAN NS S R 22 (PR - I ) 5T T A
REFE fih 2 58 70 555 ), PR AS IS SR PR 5 A5 400 o
%% (Visual Analogue Scale, VAS) K PEAL 9% & H-
N ) R R AR A O SEPRIRZ
10 ~ 10 73 Pk — DG IE A BURH S 45 2
ORI & . 0~ 3 707 L RIEH 4 ~ 6 73
FE SCHHEEERS 7 ~ 10 435 R LAY
1.3 Rl #

AR BARRIEOE A H G BE (R A
FRFE S F 5HAREIEHAR) , B EIE KNy 2
emx2em(E 1),

A miam

Fig.1 Materials of visual stimuli

1.4 SKIGRERF

SCIGFR TR Presentation 84S . fr {0
) B5E % (800 x 600) H J A5 — A~ 4 £ 1) 14 A1 A
(“+7), EHEFE A 1 000 ms; 2R J5 76 5 HEm94E —
I 52 AT 22—~ H AR, S B R A 250 ms ; 3
R ARIGAT 55 48 2 AT He bR S N, [ B IR A 1
000 ms, F& 8ol 50 B [ 45 305 1E AR — ANk
(F2), A 20 Ak (B4 B AR S 10
AU, P 40 MRk,

S —AE SR R X bR A B 37
RSB SR, T TG B2 4 P B P 25 25 H bofl
PR IR AR A, A T AR He A “ Al B
H bR Fl s B B 0 22, A2 FBHe A
“AWEE AT S5 ANV B H RS RIS 25 01U, DRIk
SIS YN £ P 2 X A o e R
AH Y T I B BE 4 SO I

S U ESR R X H RS A oy 2 R bR
OB, A BAsilEE “E7, HAFEIREL
“ALCHE 2 BRSSO T, A FER A Al
AT 55 T B UM I X 0 H BRI
25, DRI S e i 1 2k i X B AR R T



55 5 1] BG4 HNG S8 A0 8 1 ) TA AN T 711

Ready Target Reaction

+ 0

1 000 ms 250 ms 1 000 ms

B2 XBiRiEE
Fig.2 Flow chart of experiment

TR RIAH S F 58 B B SN s

W S8 A S IS O 2 S 6 — 1 s IO I
AE S AT P BT B B 1) 6058 A B 2 4 ) S I s

SRR SRR AT He bk, TR R e IE
KAAFI TR ST RmT g, HEERARE . 5 W
IR IR E] 100%HER K
1.5 KELHE

ARWFFALE WAL, BAAE YRS,
PIALSZEG AR R, 10 min, SEIRNIF 203 7645 4 (42
URENICEE Ry S WSRO RS D E i/ i gl ODNEZE
IWUY AT V-4, RSP BRZAFE 15 min,
1.6 HEmAE

R T G A R R 22, PR TR R A A
PR E BT, S N B A E A oA 1 e
e E 5 R IR fE
1.7 St

A W5 Y S5 5 BCHE R AT SPSS 19.0 (IBM,
USA) HEATGE 3143 M - IS8 I T 14 2 (8] 4 1) >R i i
XFREAS ¢ K9G 5 45 B BE S s (14 26 (] X6 HE R B
P2 T 2500 s 0 ™ B J3E X6 Iz o7 ) 49 52 1) >R
FH R R AT, B E KR a = 0.05,

2 % R

2.1 EIB=SEEE(VAS #F45)

R VIR T A Hg k35 1y VAS 155, JF
13 m ol I A A L4 B
iﬁ%o

2.2 MBI ERIE

e 00 B 2 5 ) e 2 A SR B B B i
B BEIA A UL I 2 s [l g [, 5 0 % 2 SR —
H (K 3),

t=-0.08 t=-1.01
P=094 P=033

]

]

—

—ill

—
—El—E

Reaction Time/ms

Tinnius(R) Tinnius(L) Control Tinnius(R) Tinnius(L) ~Control
Sense Percipience

B3 Mt Tz ERm

Fig.3 Spatial bias in vision processing

23 MRMIEERNLBESR

FRZRE T 20 R, 7RG B B v By
Bl m THREAAERENHNES (F=
4.90,P=0.01;F=4.66,P=0.01), MiX—25%K
TEFA T B R PR (F = 0.30,P=0.75), LSD FH 5k
95 N, JC R R D B B SR M6 I B, A2 N
W) 2 R0 A {00 g 2 %) R o T R AR DL I 2 S
(P e = 0.83, P yyuppe = 0.98) , TP H-IG 2
BISEEXN AR ELER (P rowmwawiens =
0.02, P fiprmamaeme: = 0.01, P ey a1 smogpre:=0.01,
P piwmusan e = 0.01) o K ek 44 H-0G 58 35 1 51 It
s BT LUE R H BRI S G R B,
K 22BN B0 3 A T [ B e R i By BB 1) S o s
By TIEH R SEAK- (M) 5853 2l M+S
TR AR IR, 1) 1010 4 JRe W PR 46 By B, BN FR o
(1) 2 7 B WU 7 R B8 E 7 A R 334 5 A (-1 4)
2.4 ENS™EEE XA 50 T E 820

R g 7 o R 5 45 B B A A TR e
WEIC(ELS),

3 4 ik
PL-EI R AR R R R 1, T

A1V 38 3 (1] 23 KR 3 >4 74T 55 1) 7 22 30 25 4 <
A BRATE B BT IF A E R BT A



712 IR A (B A R )

o537 %%

700
600
500
4001 .

3001— . T M-SD
Sense

~ M+SD

2 200
21000
£ 800
600
400 ’ Percipience
500+
4004 - -

3001~ T e e

2000 "~ - -'- i M.sD
100 . . Transition

B4 SEBEENMBRREMEREEERHME

Fig.4 The position of each patient in the standard range

e/

ti

> M+SD

M
M-SD

Reactio

1000 -
. 800
£ r=-001, ..
o P = (.97 Percipience
& 600
F
=1
g =0.04
g 400 : P = 0.80Sense
Q
A~ = _0'04Transition
i =0.80
0

0 2, 4 6 8 10

B 5 FEAEM™ERR A5 T EE RN
Fig.5 The influence of tinnitus severity in visual

processing speed

FEUh G - 8 5 v Jn a8, IR R W]
B BB E AL LR sz 4 e, SR, H HiAH
KMFFEA AL D AN LA T T i B 4o fin T
R SEIN AR A S 45 R S U I —
B, AR T E X i TR s B T
S8 27%

3.1 EISEEMG T A Z B4R @

Cuny S5 WBFFE T U7 H-0 85 (113 B vk 5l
b i ) 3 E- R A0 el 0 YA 55 PR T R AL
TrARE RG] T i SR 3 2 1 S A 2R AN
A D T30 I E R 2 F S [0 00 i 3 T ) 25 T
B, e A R A E A ) 1 B A
FEMPATRCR , IR, I BRI T 4
B B I A 3, i L R g R R TG

WIE 1RG0 T B FOAE P 2 5 vt 3 1 25
(B BB EAL  BEEAEA oR |, T 2 Wrae =S
[ 4E 55, i A5 25 (AT 55, 6 T 0 L A B B R
ZAERRE T B alpha 37, $2 8 8005 1 - TR
P ZEAIL 14 AT X0 2% v 388 1 P A T R Y
IEFEAEOLT , HTHlIE _E RS AT 2
TH 1 25 A 2 2R 1 2 O 2 oAb J% v 360 10 2 [R]S800
JOEREC 5% i 388 1 0T AH R 2 B AR BN T, 4R
M, B (85 3 IE RGN AT REAFTE TN RE R .
BN, Araneda 55 TIFGY A BE, AEVCE T BG4 5
ERHMNE K E, HE0S 20 A 56 ST o 1 25
1] Stroop T 55 H B PHAT AT 1 b 25 25 T IE %
A, WNEEE FRG A B S e
TRERTEL, KT RESE AT Y R R A B N T
25 () s o] (1) i PR 22— o HeAb | S AR 1) BR il 2, 7T
RE 21 LB PR SR . i, Townsend S5 1SI7E — T
PEEE T RS TR, BN GERANTE
S s HR TG i 3 25 5 {H EMRT 25 SR 0 & BRI 1)
ki XA 35 25 S b G, RS BB
T 1 EGATy e 1 — AR
32 REMERAEMIER

fEHE R T, AT EE R B AL 3R H AN ]
JRROE 3 T 1Y) 17 R DA TR A A 20 B v A T R A
Wt BT IESE R - 5 A i T A A
AU TR B B © A2 7E . BN, SeAR 2= 5%
RIN, WIA Sz 2 50T Bz )2 )47 A T2 i 1
FR U6 Ry G Rz 2 R DL W A B R AT T Ak
FUS-0) T B S Y AE R RS B AR N
) L BOgl & 28t B 202 AR BT R AT

*1 HWIKEFBESERE—ER
Table 1 The severity in both tinnitus patients (Cases)

VAS

Location

Left 1 0
Right 0 1 4 0




55 5 1] BG4 HNG S8 A0 8 1 ) TA AN T 713

A%, )& IS 32 B3 A Bk B B
XL GEAT 5 DA 500 T, A — W e B 536 3
T AR IR
Araneda®5 7S R A BT 554 4, s
FER R A I B B S R [ B i AT 55 AT AR
O o BRI, AT A BIFFE AN $ 7 H-E 20 T 5 By
BHIEWAfEREES (A iTHaE
g2 O i R T IE R 4, HIRRReisE
KV X AT RE S S IO R 2 By A G
1t Araneda PS50, H BRI E 5 AR R 4
R A 55 MEBEAAIG, AT BB R < R A MR, " B 22
SN MAEASZ I T, B AR 7 B P
Bl BL S 3, 380 1 A 55 M DRI 2 00 A 35 ) 2 1)
255 IRl R R B gl i Bl B T IE R
S XA R B, KR HNG £8 35 %) B vy B 2
THE T 5L — i 22— DR H
0 26 55 %6 HRZH 22 8] 1) 22 S i S A e, JF AR
EEE 2
BEA X A B B S I 43 AT B, 6o B B A
SR [FIREAEAE B 2 R 22 57, (HUBE B B 5 0
v B B T Ay ok O B B 20 G d 2 Y 4 ) 25 % 4R
U B B 1 4 T 2 S5 AT g R SR TR B B
Banerjee 55 W BF 9030 2 90, 76 25 [A]4F 55 0 T2 Y i
I B, alpha i 1P ]I AF 7 00 35 79 38 3 [) 22
S BORTESS AR S A A WA L RS
FOm IR RGNS HAR T o H AR W o i i
8 S 1 N L (H- S {55 ) PRI B Bom T4 13
B b RGN T SR E A T AZ B
TIAEM G B, 8 TR 5 ZR Gk e 1 Ao 38 6 11
TN TR S 32 W 5 388 5 S T T )5
3.3 HIBMTERREXTIE IR
AWFFE R, HM LN T HLEE ) B
5 HG Ry E AR T A ARG, BAAREAE A IS
LRI TALRE R T RS B ™ R B2 2 D) AH
Ko Bilan , 7o (SR AR HL BB A AN T RE
1 AR TR (UL AY) BN AR 35 e GE # X IR
40 P8 A R 3 55 0w o R R ) e g 22 %, (]
R S Bt 5 S e A A T 3 T S RS
FFEANRE S W At 8w 38 3 ) DA RN TS O
Heeren 55V E IR IEFEVL AL T HAg 4 5 1EH
Xf BRZH B T 2K (HnG SRR I S bR 2
—) i, BN A DA RN T RE AR IH i 25 25 T
EHEXTRA B, Araneda S H R ZE 7SRO BF o8

(R s 0 £ S DA T e 7 0% R B 5 1
LEAKTICE , AR A58 ) S s B 20 e A0 5
T2 S 5 T X B 2R A S A B X3 e o0
PEoR e B (FRAY ) Hong i 5 AR AEZE DI RE Y
TR, FORRXA G R B R A eI E | FRATE
JEIZING A EEIE RS AE ] 32 310 H-0 52 0 iy
B XTI A SR AR 2 vh sl B RS I TS B
WS R0 3 Y38 T L 2R G0 ) Wi il A TR At
JEE R T B AR BN T s, SR, Tl
SRR )25 T8 ARIFIE R A VAS X B0 () 7™ o i 3
HATREARDE 73 TR ARG 26 DI Re | 9 M 55 2 B ik
TTTPEANIEAS , DR VAS 75343 Al fig 8 I T A [\) 4
J& | T WA 25 2 B P o Tk B2 i 52 e, H S
S XTI R RE AT R A AR
34 BRESRZE

gE i, R AR 5 ) W BT 38 A A T
(R, At 2% PR i 8 T )0 T3 R e , BRAR A
WG TR G X a8, (0 B Ry =2 AT
ARG I B, AT B2 ML DL RO A=
TE R ZmaAT S i — 2P0 Ak, A IR 221
12 FHAI 0 1 T I 250 5 B g i 5 8 v X R
FEHilge ), DA B0 8, (HRCR AN
FE ., AN, Searchfield 2520 B8 B9 fR 35 7F 280
Wl BN s, Hg s B N, H
Pape 55 BRI AL, B0 58 38 18 1Y 7 2
ZRnT LA2Y IE B0 £R 3 AN R R R I g kA, T
Jin&T A1 JE b 3 T8 Y T I 2R 0 4 e 4l OE A AL
e o A ME NI i ) I B o8 2 S R S
AN THATRAGRDE, KA B TIRATE T 1
fif EEE XA AR A R i S R Ze ML, S B AR
Jran R RE K

B, SRR R T 250 B2 B 114 PRI 2L
FEX ARSI Ty R 5 A B 1 5 B
SRR IV R 22 O B B 1 B AR R
[ AESL I g AR th 45 T IS Bl s 8l 1l Kz e
FBEIn IR BE 2% R B INER D R R B Bl
[F] 2 B S B Th 25 T I A 1

% 30k

[1] MCDONALD JJ, TEDER-SALEJARVI WA, WARD
LM. Multisensory integration and crossmodal attention
effects in the human brain [J]. Science, 2001, 292
(5523): 1791.



714

IR A (B A R )

o537 %%

(2]

(3]

(4]

(6]

(8]

[10]

[11]

[12]

[13]

KOELEWIJN T, BRONKHORST A, THEEUWES J.

Attention and the multiple stages of multisensory
integration; a review of audiovisual studies [J]. Acta
Psychol (Amst), 2010, 134(3). 372-384.

ELGOYHEN A, LANGGUTH B, RIDDER D, et al.

perspectives from human neuroimaging [J ].
Nat Rev Neurosci, 2015, 16(10): 632-642.

ROBERTS L., HUSAIN F, EGGERMONT J. Role of
attention in the generation and modulation of tinnitus[J].
Neurosci Biobehav Rev,2013, 37(8): 1754-1773.
STEVENS C, WALKER G, BOYER M, et al. Severe

Tinnitus:

tinnitus and its effects on selective and divided attention
[J]. Int J Audiol, 2007, 46(5): 208-216.
HEEREN A, MAURAGE P, PERROT H,

Tinnitus specifically alters the top —down executive

et al.

Evidence from the

2014,

control sub—component of attention ;
attention network task [J]. Behav Brain Res,
269 147-154.

ARANEDA R, DE VOLDER AG, DEGGOUJ N, et al.
Altered control and auditory

top —down cognitive

processing in tinnitus: evidences from auditory and
visual spatial stroop[J]. Restor Neurol Neurosci, 2015,
33(1): 67-80.

ARANEDA R, DE VOLDER AG, DEGGOUJ N, et al.
Altered inhibitory control and increased sensitivity to

cross—modal interference in tinnitus during auditory and

visual tasks[J]. PLoS One, 2015, 10(3): e0120387.

AMARAL AA, LANGERS DR. Tinnitus —related
abnormalities in visual and salience networks during a
one-back task with distracters [J]. Hear Res, 2015,

326 15-29.
HUSAIN FT, AKROFI K, CARPENTER-THOMPSON
JR, etal
with tinnitus are modality specific[J]. Brain Res, 2015,
1620, 81-97.

CUNY C, NORENA A,

Alterations to the attention system in adults

EL MASSIOUI F, et al.
Reduced attention shift in response to auditory changes
in subjects with tinnitus[J ]. Audiol Neurootol, 2004, 9
(5): 294-302.
SPAENCE C,

SANTANGELO V. Capturing spatial

attention with multisensory cues: areview[]]. Hear Res,
2009, 258(1-2) . 134-142.
MAZZA V, TURATTO M,

automatic  are

et al. How

ROSSI M,

audiovisual  links in  exogenous

[14]

[15]

[16]

[17]

(18]

[20]

[21]

[22]

[23]

spatialattention? [J]. Neuropsychologia, 2007, 45(3)
514-522.

BANERJEE S, SNYDER AC, MOLHOLM S, et al.
Oscillatory alpha—band mechanisms and the deployment
of spatial attention to anticipated auditory and visual

target locations: supramodal or sensory—specific control

mechanisms? [J]. J Neurosci. 2011, 31(27): 9923 -
9932.
TOWNSEND J, ADAMO M, HAIST F. Changing
channels:an fMRI study of aging and cross —modal
attention shifts[ J]. Neuroimage, 2006, 31(4). 1682—
1692.

FALCHIER A, CLAVAGNIER S, BARONE P, et al.
Anatomical evidence of multimodal integration in primate
striate cortex [ J]. J Neurosci, 2002, 22(13): 5749-
5759.

ROCKLAND KS, OJIMA H. Multisensory convergence
in calcarine visual areas in macaque monkey [J]. IntJ
Psychophysiol, 2003, 50(1-2). 19-26.
BURTON H, SNYDER AZ, DIAMOND JB,
a fMRI study

J Neurophysiol,

et al.
Adaptive changes in early and late blind
of verb generation to heard nouns [J].
2002, 88(6): 3359-3371.

RODER B, STOCK O, BIEN S,
processing activates visual cortex in congenitally blind
humans|[J]. Eur J Neurosci, 2002, 16(5): 930-936.
ANDRES AJ, ORAMCARDY JE, JOANISSE MF.

et al. Speech

Congruency of auditory sounds and visual letters
modulates mismatch negativity and P300 event —related
potentials[ J]. Int J Psychophysiol, 2011, 79(2): 137-
146.

CHEN Q,

preresponse level and audition dominates at the response

ZHOU XL.

Vision dominates at the
level in cross—modal interaction: behavioral and neural
evidence[ J ]. J Neurosci, 2013, 33(17): 7109-7121.
SEARCHFIELD G, MORRISON-LOW J, WISE K.
Object identification and attention training for treating
tinnitus[ J |. Prog Brain Res, 2007, 166; 441-460.
PAPE J, PARASKEVOPOULOS E, BRUCHMANN M,
et al. Playing and listening to tailor —-made notched
music:  cortical plasticity induced by unimodal and
multimodal training in tinnitus patients[ J ]. Neural Plast,
2014 516163.

(%3 2#FH)



