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To explore the correlation between gamma-
aminobutyric acid and tinnitus in anterior cingulate
cortex based on magentic resonance spectroscopy

imaging technology
Abstract

Part 1 Verification of Chinese Tinnitus Function Index

Purpose: (1) Verify the Chinese Tinnitus Function Index (TFI-CH);(2) Explore the
relationship between TFI-CH, visual analog scale(VAS) and psychoacoustic
characteristics of tinnitus.

Methods: The subjects of this study were 77 ears with subjective tinnitus and 39
patients who were willing to complete repeated transcranial magnetic stimulation (rTMS)
treatment in the Department of Otolaryngology, The First Affiliated Hospital of Soochow
University.All subjects were required to complete TFI-CH, VAS, pure tone audiometry
(PTA) and psychoacoustic characteristics assessment.Psychoacoustic characteristics
include pitch matching (PM) and loudness matching (LM).In addition, patients who
completed rTMS treatment were required to complete TFI-CH and VAS before and after
treatment.The above clinical information was collected and statistically analyzed by
Pearson correlation analysis, multiple linear regression, exploratory factor analysis,
intraclass correlation analysis, paired t test and other methods.

Results: TFI-CH (Kronbach o coefficient = 0.954) showed high internal
consistency.Exploratory factor analysis of TFI-CH showed that seven factors could be
extracted instead of the eight described in the original version, but TFI-CH still showed
good structural validity. The VAS and TFI-CH scores were consistent before and after
rTMS treatment, both of which were significantly decreased after rTMS treatment (both
p<0.001).There was a good agreement between VAS and TFI-CH scores in response to
intervention.The TFI-CH emotional subscale contributed the most to the overall tinnitus

severity, and the decrease in severity was best predicted by emotion change.PM was
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positively correlated with VAS, intrusive subscale, sense of control subscale and
emotional subscale (all p<0.05).LM was positively correlated with VAS, intrusive
subscale and auditory subscale (all p<0.01). Multiple linear regression showed that the
duration of tinnitus, PM and LM had statistically significant effects on the score of
intrusive subscale (all p<0.05).

Conclusion: TFI-CH is a tool suitable for measuring the impact of tinnitus,
comparable to the original version of TFI. It can be used for clinical assessment of tinnitus
and TFI-CH is suitable for assessing changes in tinnitus patients before and after
treatment. The combination of psychoacoustic characteristics and tinnitus subjective
scales can evaluate tinnitus more comprehensively.

Key words: Tinnitus;Tinnitus function index;Visual analog scale;Psychoacoustics

Part 2 Correlation between the levels of gamma-aminobutyric
acid in anterior cingulate cortex and subjective severity of

tinnitus

Purpose: To investigate the correlation between y-aminobutyric acid (GABA) levels
of anterior cingulate cortex (ACC) and subjective severity of tinnitus.

Methods: A total of 34 subjective tinnitus patients from the Department of
Otolaryngology, The First Affiliated Hospital of Soochow University and 28 normal
controls with matched basic information such as age and gender were collected as
research objects.All participants were assessed for GABA levels in ACC by magnetic
resonance spectroscopy imaging.PTA, psychoacoustic characteristics, TFI-CH and VAS
were evaluated in all tinnitus patients.Independent sample t test, chi square test and
Pearson correlation analysis were applied to the collected data.

Results: The GABA levels of ACC in tinnitus patients was significantly lower than
that in normal controls (t=-4.590,p<0.001).The GABA levels of ACC in tinnitus patients
was negatively correlated with TFI-CH sleep subscale (r =-0.398,p<0.05) and emotional
subscale (r=-0.391,p<0.05).

Conclusion: The levels of GABA in ACC of tinnitus patients changed, and was

negatively correlated with sleep and emotion disorders, suggesting that GABA
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metabolism disorder in specific regions of limbic system may play an important role in
the pathophysiological mechanism of tinnitus.

Key words: Tinnitus; y -aminobutyric acid;Anterior cingulate cortex;Magnetic
resonance spectroscopy

Written  by: Yongcong Shen
Supervised by: Jisheng Liu
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TFI-CH OB AR IEAEAS B2« S50 25 A0 S i J7 T 5 J5L 4 TR AR
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B 2R (repetitive transcranial magnetic stimulation, rTMS) & it i
L 2 BT R 2 T S Hg U, R — R B HS YR U5, BRI
2T e R AR E B AR ' TMS (<1 Hz) 38 3 Fflp L 3t i o 5 1 )2 04 A pE 0T,
MR H RTRORTFT, KA rTMS £EI6 7 BS54 — i 17 22021,

T rTMSIL S CYY-1 &gl (REREA R MKk 2IE 50 5
fH (resting motor threshold, RMT) . SEALLERTEMIF T L, A8 5B 2k Bl 5t &
H R R JZ B3 X ML XA A kot R, s 15T, RULH
(electromyography , EMG) ic ARG 3. RMT 8 5E SN 10 AN K H
A 2D R RV 5 ANMRIE =50 uv 1B/ .

X2 rTMS 1897 ISR E 4T 10 A TAEH IEYT, RANNEKL RMT 1) H—
Blgs, WIS HANTS: PiZy 1 Hz, 5828 110% RMT, 3£ 1000 ke, B KIE
T 20min. VAT LGRS, BFEMBIGTTIE K HIE, AACAMEML. I RARR A
WG ' TMS, A 8 R, KLl rhOo it T TP3 (T3 f P3 i p) HE
BT T3 CEfiid gD M P3 (LT ZIE K%L (T3, P3. TP3 i B 45T Ebr
10-20 i LRG0 -

K3 rTMS kel Efr ik

5.8

Kl o Ml SPSS23.0. X T TFI-CH HI4IE, KHEAT rTMS THif &, 1F
TFI-CH {5 FE A A A FH e B LG o RE RS o R 4U<0.6 RonER N H—
FEA R . HERRF (Bartlett) BRIEARLEA Kaiser-Meyer-Olkin (KMO) a5 i
ATVFAG, DA R BSR4 S IR R AL 720 i R 25 o A8 RS e AT SR R AR 14
B o
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BEAT ' TMS 697 H R, SRAI4L S Cintraclass correlation, ICC) 47K
%€ TFI-CH A1 VAS Z [B] USSR ;s <0.50. >0.50<0.75. >0.75<0.90. >0.90 4%l
Rz HL B P YT RIS TFI-CH 1 VAS PE4r R HBCH t B3R idf AT o0 4. fd
H Pearson AHICH: 73 A ARG A1 32 45 [B] IS4 VAS A1 TFI-CH V53 1EAT 734, 3 1K
-8 p<0.05. 3@ 15 Cohen’s kappa K ffif & TFI-CH F1 VASP) i B 2 W AR FE
Kappa <0. >0<0.2. >0.2<0.4. >0.4<0.6. >0.6<0.8. >0.8 73l &R % . i, —MK.
g Y. TR,

X+ TFI-CH. VAS 5 FLRS 0B 5“2 AE, {58 B Pearson AH 514 70 M KA i PM.
LM 58RMKR, KHZ oL BRI R &6 5 Wl &R K5, p<0.05
WA N EH G5 L.

SEIGZER
1.TFI-CH HJ%E
1.1 G rTMS FHA
1.1.1 EXEFR

TEN AN FNHESR AR UE S, S8 77 BEWRAINH R . BN ) P15 r S )
624 32.91+55.42 H, “FIFER N 40.12+12.34 % . T BB S RE R I 4l
B T BRI A BRSO PR S 2R AR RS I, FEARME B 1 R,

#1771 BHERER

TR
B 77
F# 40.12+12.34
L5's 53/24
PTA (db HL) 20.71+13.89
HumE (D 32.91455.42
Hsmz 24 41/36
TFI-CH 37.96+16.93
| 54.85+19.50
sc 46.15+20.12
C 31.51+20.38

SL 37.79+25.94
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g
A 25.76+22.42
R 47.84+24.85
Q 24.16+19.79
E 40.00+24.73
1.1.2 TFI-CH K15 B 43t K BB 743t

TFI-CH (7 BA IS o R%0=0.954, IXFRIER AN FTAIH KA —BUER &7
(£ 2) , WHSE B (BH SN JEEDY 0408 £ 0928 (G
3) . FATEH T Bartlett ERFEAGIE AN KMO #6056, LABAREIE S SRR 1747
[f12& 4. Bartlett BB IRZE KA RER (p<0.001) , FH TFI-CH H#&% I H 2
FHEHT . KMO {H29 0.824, IXEWRE BT 400 2 OURE BT SE . kA
Tt 7 18 PRV e e de K 07 28347 Ry o0, A B (B 4) BoR, R — N
T2Ja, WaAEENAEE SR TRES, TUERA 3 METFASETHA, H
TFI-CH )T &R EEAMRIGRAEAE E i), i N Jolliffe britE CRAEE>0.7)
ATRATREE 7 BRI 454) (R 4) , X7 AT 1 BT 2R 84.36%. 275 R TFI Y
8 MAT, HHATT 8 MEET (RS MERS . RE G AT IRHE
fE/NT 0.7, (HIXEETHE HH 72 [AAAEA D E . ARERUT e+ 8 Ul A1 AR
X, Wil A2 1 A3 H5IHF 8 M55, {H A2 F1 A3 SR 1 HUIMC. Wik s fr
N, AMEFR BN 7 Pros RIS H o P25 SRR, TFI-CH M Z5H F A FIR A 2 .

# 2 TFI-CH K HF =R B 25

BR o RA G o 3
TFI-CH 0.954
| 0.680
sC 0.822
C 0.894
SL 0.949

A 0.898
R 0.930
Q 0.919
E 0.925
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% 3 TFI-CH HJB1EJa W H S AH R %

e BIEfE B SR
11 0.408
12 0.622
13 0.542

sc1 0.578

sc2 0.770

sC3 0.697
C1 0.706
C2 0.837
C3 0.845

SL1 0.919

SL2 0.887

SL3 0.873

Al 0.716
A2 0.830
A3 0.853
R1 0.928
R2 0.812
R3 0.831
Q1 0.848
Q2 0.810
Q3 0.869
Q4 0.759
E1l 0.890
E2 0.890
E3 0.765
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fii ]

o

5
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2 3 456 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
4 R
® 4 RACHERE A 1o
S
1 2 3 4 6 7

A2 994
Q3 .887 .363
Q1 852
A3 .820 -.484
Al .646
Q2 630 544
Q4 592 300
SL1 971
SL2 .900 -.301
SL3 .870
R1 971
R2 918
R3 .864
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Sl

1 2 3 4 5 6 7

C1

C3

C2
SC1
SC3
SC2

.956 -.317
.829
.827
339 337
.996
875
.645
.904
590
.588
-.306 .960
335 379 516

R 5 ORAChER [ E 8 T

Sl

A2
Q3
Q1
A3
Q4
Q2
Al

sL1

SL3

sL2
R1
R2
R3
C2

1.017
891 438
.883
.828 -.443
.628 .596
619
.610 319 -.543
1.033
.950
876
.966
922
.836
.938




ETRIRPGE REBEARK A E B2 T RS FS KA F—wa

Sl

C1 933
C3 .899
SC3 .986
SC2 .859
13 .626
E3 879
E2 454 341
El 452 .353
11 -.311 .995
12 312 .369 .593
SC1 320 307 420

1.2 rTMS T4

1.2.1 EXEFR

BIFIN HEBRbriEfS, H 39 BEH (27 251, 12 L84 T TMS
BT, PR 4052131 &, HIGKPFIA RS ] 2.725.4 4F

1.2.2 BoXt ¢ ke

Bext t /56 5o, 1697 )5 VAS 1 TFI-CH &L K 6/8 FERE CREHE C F&
RHAFER PP RERK (WER6. T .

2% 6 VAS J8JT RIAIVRIT Ja PE2r %t B

Kam 4 (2018) ¥JTEl  ¥BITE AMean t p

Mean 55.8 50.8 40.3
-10.5 5704  <.001*
STD 23.1 14 15.6

vE: SRHE Kam 25\ (2018) FIEHE BRELM . RUEFE SRR EA G2 E L (p<0.05) .
Mean="F-3%, STD = txifE %, AMean="F-¥ =L
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% 7 TFL-CH K TR 3 M3 MR IG5 )T L

Kam % (2018) Y&JTHT  ¥T)E AMean t p

TFI-  Mean 38.1 40.9 32.9 .

CH sSTD 23.1 16.2 16.9 8.0 75 <001

Mean 56.3 60 45.8 *

I STD o 213 176 -14.2 4286 <.001

Mean 59.8 48.9 411 *

¢ s 28.4 18.4 18.1 79 1795 <001
Mean 314 32.3 28.9

c STD 26.1 20.4 21.4 33 2.132 081

Mean 36.5 43.1 38 *

SL STD 32.4 26.8 28.9 .0 0.728 040
Mean 34.8 24.9 225

A STD 28.6 25.6 25.5 24 4.135 41

Mean 30.1 485 35.9 .

R STD 275 22.2 20.6 126 259% <001

Mean 227 29.2 20.8 .

Q STD 26.6 22.6 20.3 8.4 4991 013
Mean 35.7 44.8 34.6

E -10.2 8.649  <.001*
STD 28.8 23.3 20.4

e RE Kam 58\ (2018) M#dE B nrE il RHAME SRR A= L (p<0.05) .
Mean="F- %%, STD = #pfi2, AMean="T ¥ Z1H.

1.2.3 MRS T

ICC /MR, ¥8ITHT VAS Al TFI-CH WSUUE N R 1T (ICC =0.81,95% 815
X 1f]:0.632-0.899) . VA7 5 MIUREIRE NILFE (ICC = 0.91, 95%E 15 X [[]:0.823-
0.951) ANEJT Ja vhor A2 EI SRRSO (ICC = 0.49, 95%E (5 X [/]:0.019-
0.730) .

Pearson AT 2R, VRITHT ST ), VAS V5 TFI-CH A& H 8 4~7F
ERWIREMR (K8, 9) o WRITHIE VAS ¥ Z{H 5 TFI-CH [ E T&& W

EHEEFEHX (K10 .

2
M

& 8 YRJTHT VAS PFor 1 TFI S H 78R 1F o B A2 A

Pre Pre Pre
TFI-  Prel Pre C PreA PreR PreQ PreE
CH SC SL

Pre r .684 456 .538 474 .532 423 .537 321 .709
VAS p <.001" .004" <.001° .002° <.001° .007" <.001° .046° <.001"

T RHAME SRR EAGIHEE L (p<0.05) o Pre: JRITHI.
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£ 9 JRITIG VAS VE4rFI TFL R H TR RVE o A M 4

Post
TFI-
CH

Post T 833 514 726 669 596 716 59 701 727
VAS  p <001" 001" <001" <001 <001" <.001" <.001° <.001" <.001"

Post Post Post Post Post Post Post Post
| SC C SL A R Q E

i RHAME S EoRBEA SR X (p<0.05) . Post: BT )E

* 10 VRITHTJE VAS VEI3 A TFL P or K L7 8 R 1o Z A5 IR E 0 Hr

A
TFI- Al ASC AC ASL AA AR AQ AE
CH

324 .063 .063 179 .203 284 1 .186 .344
AVAS * *
p .044 .701 .702 275 214 .079 544 .258 .032

I RHAME SRR BRI  (p<0.05) « A=IRITHIEF D ZH.

100 1 @ pPre  r=0.684 p<0.00/* 1001 @ Pre  r=0456p-0.004* 1001 @ Pre  =0.538p<0.001*
@ Post r=0.833p<0.00* ® Post r=0.514p=0.001* ® Post r=0.726 p<0.001*
80 80 o » o 80
e o o
60 60 60
wn /] w
< < <
> > >
40 40 4 40 A
20 4 20 4 20 4
0 0 0
T T T T T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
TFI-CH 1 SC
100 @ Pre r=0474p-0.002% 1004 @ Pre  r0.532p<0.001* 1004 @ pre 0423 p-0.007*
® Post r=0.669 p<0.001* ® Post r=0.596 p<0.001* ® Post r=0.716 p<0.00]*
80 oo o 80 [ ] o e 80
[ ] LR __J
60 604 © esoe 60
wn w v
< < e o 0 ) e =
> P -
40 40 L[] [ 40
e o o
20 4 204000 o 20
0 0 0
T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
C SL A
1004 @ pre —0.537p<0.00/* 1001 @ Pre r=0.321p-0.046* 10049 @ pPre  r=0.709 p<0.001*
® Post r=0.590 p<0.001* ® Post =0.701 p<0.001* ® Post 1=0.727 p<0.001*
80 e e» 80 [N o
e %00
60 60 -
g p
> >
40 40
20 L J L] 20 4
0 04 0
T
0 20 40 60 80 100 0 20 40 60 80 100 0 0 40 60 80 100
R Q E

K5 VAS 5 TFI-CH EKH TERHLHE

H: RMARE SR REASH 8 X (p<0.05) . Pre=iGJTH, Post=iAy7 5.
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1.2.4 B MZE A E A

A 3225 [R50 # B 7R, JR97 AT TFI-CH 15 451F4> (1 =0.50, p<0.001) FVGIT
Ji TFI-CH & 1F5r (r2=0.69,p<0.001) X VAS PF4 1 T R R 5 4« TFI-CH 1544
P AR i BETRNNG 7 & VAS PP AR L (12 =0.12, p<0.05)

1.2.5 —EHHERR

VAS 5 TFI-CH 2973 I N2 Z2 5 A— 3 (Cohen’s kappa = 0.69, 95%E {5 [X
[8:0.398-0.970, * 12) .

£ 11 VAS 1 TFI-CH P45 XHGE ST A N AN TG s 3 N EL

A RBL Te = BL B
VAS 31 8 39
TFI-CH 31 8 39

# 12 VAS 5 TFI-CH P4 &R

Kappa & PrRAER t p
0.685 0.146 4.281 <0.001

2. TFI-CH. VAS 5HW.LIEFEZEHMER R R

2.1 EFER

2% 1.1.1,

2.2 MR

K H Pearson fHXTESHT 4 PM. LM 5 VAS #43. TFI-CH KH 8 AT &K
P Z MBI R RAT b . SR WK 13 fion, PM 5 VAS (r=0.315, p<0.01) . I
FER (1=0.277, p<0.05) . SC F&E& (1=0.257, p<0.05) K& E FERE (1=0.323,
p<0.01) EIEMK; LM 5 VAS (r=0.297, p<0.01) . I F&E% (1=0.329, p<0.01)
KA TEFR (1=0.334, p<0.01) FEIEH,
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R 13 VAS. TFI-CH K H 183K 5 B .03 55 SRR IE I A 5 0 A

PM

LM

r

p

VAS 315
TFI-CH .208
| 277
SC .257
131
.183
.020
-.016
.146
323

SL

.005*

.070

.015*
.024*

.256
110
.866
.893
.206

.004*

297
.089
329
173
.095
-137
334
-.093
.029
-.059

.009*
443
.003*
133
412
.235

.003*
422
.800
.611

E: RMAME SRR EA G E L (p<0.05) .

a 100 100 100 100 100
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2.3 ZILLMREE

AW EMS S PTA. HT. PM fl LM 1E N H AR &, SR 2 02k =)
Tl TFI-CH R 8 AT RERW . BERAVKIL, 1 FRERKE5w] DL T,
B AR BT 45255 L (F=5.795, p<0.001, JH%EJ5 R?=0.240) . [m] )47 4
AN EZ B G, HHRE (p<0.01) « PM (p<0.05) « LM (p<0.05) X I T & EiF
IR B Gt S ER TN Y FERWS) =32.693+0.12X; (H-
M9JHFE) -0.139X> (PTA) -0.005X3 (HT) +0.001Xs (PM) +0.316X5 (LM) .

o

TFI &R CHRERARKIES, IHEZANE K LI X BT TRIAE, Bk
R R A 1A A G A R B B0 RAF AR B, TFI-CH BAT RAF P — 3K
P (GERIENG o 5280=0.954) , X5 HAMAR SR — 2 Gl B2 o £2%=0.954)
0, I H 5 RGRA GRS o £25=0.97) KGRI KZHN, TFI-CH T&
MBS BV Y 0.680 - 0.949, U= TFI T EEX MBS EIERA 0.83-
0.951201, W2 55 I LE 0.6 LA b, BLHT TR A A HE— B2 2 I . ABIEFC I TFI-
CH 155 —Iisf 75 (1) TFI-CH!' )30 B S AH K REIIAE 0.30 KDL b, XKW TFI-
CH A7 RIFH—3hE

AR R AR RER T 08 T TFI-CH FIARFR T, TFI-CH (L ER—A4
RO SN 12.43 EIER T, X5 LARTHRIST SO, SR, A8 Jolliffe vH I
CREEAE>0.7) , ATLMRECH 7 AN . FARBE Tt R RE S IR 4G T 8 TRl T 4544
BN, FEAERIE TFI RIRAES, #E 1 5 MET: R TFI PEeiEd, 4
W1 6 MR =AY, TFLRILT 7 AT, X 5AT—80), 4 H
Jolliffe #EN CRFAEE>0.7) $2HLH 7 N, ¥ 1 BFF RS TFI KA 15
%, BLAENT RIS R . X A VR R DR v [N SE D B A NS A S A W )
Bk, XATReS AT A4S R EN, BHEE 8 Nt ERITRI, RE
B Ja — AT RRHEEANT 0.7, (AIE 5 H K5 2 AR . AR 5 i)
T 8 A AL ARE, Bl S5 8 AR M AT B 58 1 1 CEIEBUED BTG
SN RRE, TFI-CH K428 3.

ASHIEFEHIAE LI M S 573 e 45 2R 5 AR RS AR — 3, B TFI-CH BA R 47
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ETRIURBIERGEAT R M E v EE T RS U RIERT 5 B4
B BRI, R—DMEENE&KFHEMW TR, FTLLSERAR TFL A1
BESE, AT T R PR P

Wang 55 NE A0 B0 B 34T T 1067, AUH TFI-CH % 50 35 147
TP o A S TR A TFI-CH S s B0 53 (O 8 ey, AR AT F 384 X B 2
BERHG—RIT TSR, RN SRR E YT I S 3T TRV, 5 R I
AR, ABEFON EY 35T TIRYT, HAESR—MRIT TR, 1E—ERE
ek s T AR . H AT 7R A SR TFL-CH EXNA YT A AR A I S
YT T VAS. 5k, BT K i 25 1 S0 SO0 S R A A AT T2 15 I ) 2
[ RF (B o R . LYK, HIXE () 355X rTMS Y897 8808 1 R B EAT LA, R
AZ 55 TFI-CH A1 VAS BEI (8] 4840 . FRATRIN, BEEN [ERHERS, Pifr
AR T RERM . T HAGEE KU, TFI-CH SoRIfKEESCENEET
5yt VAS M RA AT HLE

A RAE A EZRIL: (1D HBITHT ICC=0.81) FEITE (ICC=0.91)
VAS # THI-CH ¥y Z [a) RIFH— ik 16797)5 VAS 24k 5 THI-CH w7324k
ZIA ) — B A TR A — M (ICC=0.49) . (2) VAS Al THI-CH &5 25 fif 5 &
A—F (Cohen’skappa=0.69) . (3) TFI-CH %1577 J5 H-MG ™ & (1 AR 1b B
Uk, (4) TFI-CH 1% VP50 /& sem B g R ™ s FE R I F 2R R, 1B 21T 40 ek
35 e G R B R R BEAIC PR R A T PR 7 o X SRR (1 R X 4 2 5 1 i
NG RN COT, S BH H AT 22 P IR TT SO T R 1 4 G R

ZAE R T MG WEE ERYT, BT ORRA S 2R . 1
Meikle %5 ANFEH Y, A F T i o) fe 3 SCE M VR 7 AR DGR 1 22 e 8 ), ]
REBR B UK/, FEARB L, X ATE 2 5 # R — T BRI X Fh 2 5. 1E
Kam S NI TE T, RAE 75%MZ 58 R0t 7BV RS 07102 7 T RE 2 38
B U5 SR R 2 — Do) FEARRF L, Y97 e LR E K.

BARARMFEAR (n1=39) /M Kam 2N (n=124) U, {HEHFFTH VAS
A TFI-CH K FERIESHML (R 6. 7) o AWFFEA Kam 25 A K VAS 1 TFI-
CH P4 Z IR K R W R AT He k. ABFFIRYT G TFI-CH 177 W2 FEA%,  $27n
TRITBOR U, A Jacquemin S8 N HYZE SRARMICY . SR, 8 53 48 il gl R 00 HEng
HREERIFFRERT Jacquemin 25 ABURT WS R Em RN, #oR@EdIEES
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PR R SRS Y S 0 155 48 S AT E S 2

RAHM RINEMUBRERR A, IGKEHRIEC R 1 0B SR
AEMNR . 1 fif 5 R OB A R e S5 R (] ok R W, AT 1 g
Xf B IS« Candice SFP2HL0T TFI K& H &R 50 5 HIG.O 3 2R AT [
Pearson AT, ABA1FFARKRIL TR R H-FEERIFHS5 PM Z [AIFF/EH M,
RHFKIPM 5 1 SC FERMIES ERIGHIEM R, MATRH LM 51 F&
RFAEIEAR, XARATMA TR —E . ALK PM 5 E FERAF
TEIEMDG, X AT Re 5 s 2 5| RAE A K AW AU 2 Ju 2k [ml A A Y i TR
[ FERMES AT DB, XM aFEE 5, PTA. PM. LM AT HT iX 11
ANEAR, EXJINERES, HREREA PM. LM BA 40 X, R =4
DR 20t EENS (R M R K. 454 PM LM 5 VAS 2 [ f) Pearson F 51 43 Hr
B8 ZH 5 VAS AR IEA G, Z B AR 45 3L 5 Pearson AH G 73 BT 45 5147
PM K LM 58RI ZEAFE—ERRR, EHGEER PM X LM 27 %
(R, XA THATE — B R b T i 3 0 B B 7 A g NG, S0 BT 0 R
o PR . 7R AT (R rr -t A e B0 o B P 20 B 5 G 3 R (R
KA, BHRA M, (HAFROEIEFRA 8 2 A8 R/R K2 RGP AT FRE K
DL, O FARNRS VAS. TFI KHTFERICRKT (WK 13) .

AR I TFI-CH. VAS S H-8 .00 7S 22 R AT AAE — e R b e S H g
BFVEZ, BIMITTZ T 06 R TSI, RIX VSRR IRATT, A% HoE 38
e EA T, BE M TFRA R A, LR MG TR ST
)T B8 R 1) 4 T LA

+
4 Qn

s £

AW TS UE A B TFI-CH 3& & T IR KBS PP, T LA SRR g 5e, Hoid
B R VG YT AT e B0 e AR . FE X 6 B 0 B I B R MR AR e 5 — F
D7 FORPPAL, g N OB 7S 2 R ALk K 32 WL R AR 45 5 BVF 7T LASRAS S 471
PPAGRCR,  9mIR T I RRTTIT T P 38 3 3 P G Al 8 ot ) A
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Ei H T RSHRBOE R BRI AT B v- B2 TR 5 HS KA R IR

EEr aERE Y -2 E T RKFESEBENTE
AL EP SIS I

it

Hil

TG FE VLA A L 0 400 75 2R AR 0 T % 7 5 P i JR T, 5 ) R
HA XK, GFERE, EEMHEAmESD. Bimstilh, S5H AR
SR 22 N 2% 0, 35 15k 4 9 2% LI0Y, g LRI IR 98 R B D Be 3L AR % (functional
magnetic resonance imaging, fMRI) L. E 47 Canterior cingulate cortex,
ACC) 1545 KB X 25 1 B B 40100 i ROIRAS IMRT B FE 45 SR, HEng
B BA R ThREERE (functional connectivity, FC) M4, HilgiiT ACC 5H:
BT LR S5 A O B LA R DR, fMIRT WF 900, e 7 R i iR [X
AT, A1 ACC, BN R JE AN Yo A5 P e B o b7 7 EE 0 R 2 v B 8 S W7 i
B2 JZHR ACC Z IR (1 # BARAS T BEEBAG NP, SR, ACC 25 HLng i 3 A F1 4 )
MU M ANE I o dRiln, —IUE I LA A s s A A Ry 8 3 H AL It 7 A8 ACC
M2 TTI A PE ] DM KRR AN 75 5 1 B g0, A A THED, ACC #&Tu iM%
PEIE IR BT KRN T 0 v-Z 3 T B (gamma-aminobutyric acid, GABA) I
il

PR, — AT HNG = AR SR S R AT IR B A1 3 BUCH 9 1) B R
ZRBE N, AMEIHLH RS GABA MIFEA M, GABA 2 NP H4 &
G v A LA A8 T . GABA ] URE S M b 5 S5 L 1 1) GABA 2145
&, PRI IS B, SRS Sl ERMRIE 2,

H AT, —3zh4)se56is FI R 3L PR 3 (magnetic resonance spectroscopy, MRS)
AR A BB = S VB B R X S ) GABA /KF, 1ZSE30K R 5R T % S
A7 B AT IE 8 9 K B 5 o kR T M 5 (o FRLZEL P 0 it SR AT T L, R AR R
Fit) A S, 5 M A 4 ) 9 AR A4 (medial geniculate body, MGB) H1& ¥l | GABA
KPR R FEAR 131, i B 3R U I B 48 S B2 P 2% ) 43T o, M 7S G145 9 3K
H S SRR ) B A% GABA Re il . 53— IUE AR IR VR it 7tk
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WL T AEREFE Q7 5 BUCE G [ B R Y 0 B Z T GABA REFIN I AR IRTIE SR ),
TEK AN S 3 B AT I K BB T, FEBEAS T PSR B A~ GABAB Z AL
FOKT B, IF Bz 7R GABAB 21T 37K [ B 5 B 47 A e,
WRFC R I, 5t BN (R S YU A FHRR 2 1) GABA 2RI Bh7), THER T B3
PIBEUEHEN T [RIAE, F 55— GABA SZARMBN AIFTIRER Eh iR T N, JF R I
G AR, BT, Sl fiE K5 R M, GABA 5HM Y [AfF1E
Kk

2, T HRARMIRE], 5 AZEAER GABA HIRT 7R, (EHLE AT L@ MRS
MEAN GABA. FCOLI—UHEH MRS BAMN S H NS &35 A4t 522 GABA
PRI, S5 IE RS HRAAR b, BN R A T 3 K2 GABA 7K R
(181, X ERS MRS 7] U 250005 50 £ 35 (R4 N GABA,  JE— A5 I B L8 585 14 i
M GABA 1] e i/b .

MRS &—FAE R AT %, BT N RIEAT i &, Ol
VENIEFC RS (e A B TR0, T 7 2 gni M BUR « IAE s a9
i (Meshcher-Garwood point resolution spectroscopy, MEGA-PRESS) 4T3
W EERL, BWT RN GABA S R E T, RO RIS TE Rk, 258
SR AR I 72 S v 22 A 00, Rtk FEAREFFCA, A1 MEGA-PRESS /7
FUEAT MESEAR TS (R K58, IEX GABA /KSF#EAT AN &AL

BRI, AHT 5T B R A MRS SRR U2 52 40 8 2 H BB 7 ACC 1) GABA 7K
L HG O E RS R RAMRK, SIEESRAML, HigHE ACC 1)
GABA /KK FIEH N, ACC ) GABA /K5 B3 115 45 s MEAR A 5%

MEMRETTE

1L.Z2RE

SR YR B IR MR 2 g 5 — B B HE SRR 142, B 4a 5 At R s
AR P 3 C & I IR M K2 B J@ 28 — B B e B o A 25 A e i, IR 5
#2021111. N HEBRPRUEMD T

MNKRUE: (1D R RTET 18 8/NT 754 (2) EWMHEHMAIEKE
VF: (3D AT AT ELA R SE R B R
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B=H5 T RSHRIE S B EEARRTA0 B v TR EN (A P 5t

FEBRbRUE: (1D MRI R AEZARE: SKEUAA NS BREAY, WA TH,
RLHEAR S AR R IEESE: () FAME; (3 M. R EE &M
MRS AR S R E S R NEH ARG (4 EdE-ANH AL
RS B 1B GABA K254 (5) fFAEIH RS

2. 20F T BB TR e B o B AR W X

J g 52 iR 5 % 58 B4l IR (pure tone audiometry , PTA) FIHIG.00FH
FEEEFENNR, Rl HMYARILHC (pitch matching, PM) AW LA (loudness
matching, LMD . B80S NATR P78 (hearing threshold, HT) . H-Mg.0 8
PR, IRATEL PM A1 LM 3 R AT G

SR PILE 5N R 2 B S8 55— = g - S MR MRk 1 T2 B & = v et 9\ B A
ASTERA Wr /71t 5 i PTA. PM. LM K& HT #lli. PTA /&% 0.25 kHz. 0.5 kHz.

1kHz. 2kHz. 4kHz fl 8kHz (¥ <f6F) LI 0.25kHz. 0.5kHz. 1kHz. 2kHz
A 4kHz CEALES) W J1KFITEAG . Giitsrfriy PTA {6 0.5kHz. 1kHz. 2kHz
1 4kHz 75546 S 005 ME . 500 2 RE R R (D 858t PM,
PM (AL L) Hz o, Sl i SRR IRAE AN [ AR I W b 75 o 2 g AT i 4%,
BHAREHE A CHE S RART MRS & (2 #E PM &, W HT: (3D
LM MIJZ7E PM Bl sk H (0 B S5 14 4l 3 W 1 (1 BB 2. | 10-15 dB 38 F B2
BEATULAS, Ff7y dBHL, SZEHESRINE R EWT 2 Ik, 5 3 CH WS & ik
AR RE, ST RGN, 2 e REUE.

3.BERIHG

3.1 PXHRBMIThREFEE (Chinese Tinnitus Functional Index, TFI-CH) E&

ZARHE T e TFI-CH &3%, TFI-CH &% H 8 MTERAM, BFHEEHRE
Puit (ntrusive, 1) FEFE . 24/ (Sense of Control, SC) T &% . 1A% (Cognitive,
C) T &3 HER (Sleep, SL) F &3 Wit (Auditory, A) F =R il (Relaxation,
R) TEF. £ E (Quality of life, Q) FEFIMIEZ (Emotional, E) TER.
TFI-CH .4 25 /> ), A4 v @l ) [ 2755 4% 9 0-10, B 1 IS0 H A H] 0%-100%,
BEEN 10%, BRSSO WREG ) B K . SR BT A A R R, A i)
BN 10 45, SN 250 43 o FATAT LA —Fhit S5k, BLESY
S5 5 S A RS SR I 1), 3Re ) 10 133 —4> 100 AW 40 8. BRI

24



ETRIRPGE REBEARK A E B2 T RS FS KA iy

Swbor Kl 1

3.2 EEMER (visual analog scale, VAS)

ZRHE TR VAS, %8 0 - 100 1) VAS X B[ EFEEFT 4, 0= A B
N, 100=ReAR R BN B EIEM . ZIEE—5% 100 ZKIZKTPLL Fhr ™8
FERE: NI BIbRical, AR A i Tl &, 19380048 &R NE
Kl 2.

4 HILIRBIE B R R

Xt 52 E IR IRE &6 A Philips 3.0T Ingenia 1 BEIEIRIFIACAT 15 38
TS AR ML B . BRI IRAG A AT 24 /INET Y AR, FETE 4 T4 1k R
BN M TIPSR [FE (turbo field echo, TFE) 781 HEAT 78 2% 52 A AN
AR FHRAMSET: EREE A (repetition time, TR) =7.0ms; Bl K (1]
(echotime, TE) =3.1ms; JZ/F=1mm;*E[5=256X240;#% (field of view, FOV)
=256X256X 185mm>; I (flip angle, FA) =8° ;{ZF A/h=1X1X1mm®. &
MR X I (volume of interest, VO T ACC X5, #AZ K/INA4X2X3em? (F
1, VOI JHE T PFARAET R34 177, VOI F&5HTAT, Ais 5 BRI
D12 AT HEEAS VOL A T4078 [l IE AL . VOL AR B N = . file

GABA N LR (creatine, Cr) /K-F{i/l MEGA-PRESS F%13k4%, S
4R @ TR/TE=2000ms/68ms; 320 {X~F-¥3; 147 % (acquisition bandwidth )=2000Hz;
FELRIF IR 13 4050 20 #b. IR, IAAGZECL RS B ATk (chemical shift
selective, CHESS) KA /K5 5+, H H N HPUE 21341 R (FASTMAP) % VOI
BEAT H 8)2)3% - MEGA-PRESS J# 5 FIH T Z 40 it gmf i A, 55 3.02ppm 4 GABA
55 . 7£ 3.02ppm ALIRFRH GABA 155 T EE KT A m I ERR M & IME S
Y, Z{E S HARIc N GABA+.
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MAW WreSidual

4.2 B 3.8 3.6 3.4 3.2 3 2.8
ppm

Kl 1 VOI B 5 57 Sz Fo Xk B e ik i
a: ACCTE TI-TFE &K ERE K b: NH MEGA-PRESS 413 it J5 Ab HE A2 7 45 21 1)

GABA+ZmAEE, JLHRIGHIILE 3.02ppm, ppm=H i —-

5L AR 1 )5 b

fii H  Gannet 3.0 ) #f ( GABA-MRS 4 #r I H , htp
//github.com/cjohnevans/Gannet3.0) %} MRS #5317 /5402, Gannet & —Fp%ET
Matlab ) MEGA-PRESS il $dli 55 52 GABA B AL/ B i 22123, BRIA S %4
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FEC A TRAC TS 98 ML AR AL IE - Gannet FIl 5 0t 28 K 0L & GABA+HE 5,
HALFISAR 2B BCRILA Cr (55 . LA RZE(E<10% 003 A 1 4 A T A 72
Mgt abr. T Cr BEERNERE, GABA+/Cr M &AL il Stk ) ol &
SRR, X R R ITERIPERE S T B TKIE A S Y. R 7R H
GABA /KA S GABA+/Cr N & 45 Rt 47 880 #r

GABA+EKi (grey matter, GM) H & REZINHE)E (white matter, WM)
I, A (cerebrospinal fluid, CSF) " GABA+& & 1] LA ZME A2,
FEn 8 2 AN IE H IR AL VOI FF GM. WM. CSF IR R B 451 2 520 381 3 41 22 [
GABA+E &L . Fk, BAVEH CAT12 THH (http://www.neuro.uni-jena.de
/cat12/) #£ Matlab2019a f¥] SPM12 Chttp://www.fil.ion.ucl.ac.uk/spm/software/spm12
D XA T1 IS EHUR AT 0 #], 3743 VOI 1 GM. WM. CSF i Kixzz
% (B 2>, WTEHMGEHHS IR RAR GM. WM. CSF B 5 H0HAT LU
IR A G 2 5

2 HFAAH B 2 i AR L i E

Voxel: A%
6.5t ik
SPSS 23.0 it H TG it 4r . 731 B0 i 2 21 0 T 5 56 et 2 A 08 A 2 1) g
ATISIREAR t WIS FR AL, XL 2 ) BAAEER LR ZE R . K5,
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Ei H T RSHRBOE R BRI AT B v- B2 TR 5 HS KA R IR

5 PRSI REA ¢ A 56 LU A BSR40 5 1 X IR ZH I GM. WML CSF IR AR 7%
N GABA+/Cr {H R BAFEZE T+ Ja, #H4T Pearson A 01T, 70T GABA+/Cr
5 H 115 PR 52 RE A 514

SMUEEES

LEXFE
AHFFILARZE T 34 L EMMEEG EE (18 LTk, 16 L&tk o FIYHFR A
38.52+10.33 %, BN FHFEAN 26.39+48.76 H, £ H T4 PTA N 21.53+14.44
dBHL, #iH-F¥J PTA 4 16.75+9.27dBHL, TFI-CH 73400 39.194+16.39 4. %
WHE3tiHss 7 28 BB IEA (12 251k, 16 Ll , “TFHFERN 39.46 & +
10.77 % o KR I7 IR A B 5 20 5 IR R X IR MR (p>0.05) NEES
Tz R SRAMAIAEAR R IIE B E RS B (55 HIEHEMIRA (55D ek
(t=-0.035, p>0.05) MMEEGFF 2R, BWEFEH (O SIEFEMEA (O W
WY (1=0.297, p>0.05) NEAEGITHER.

R H B K F TR I PR BORE

Hong B NRCpapice::l p &
B 34 28

L5's 18/16 12/16 0.429
BiER () 37.44+10.39 37.58+10.71 0.972
ZHER () 39.75+10.45 40.88+10.94 0.768

TFI-CH 39.19416.39

I 53.14418.49

sc 46.67+16.45

C 31.67420.52

SL 42.06+27.06

A 32.06423.47

R 47.16+23.47

Q 35.104:29.53

E 38.73421.91

VS PR S Tk e
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ETRSHREE R AR T B -5 T RS HS AT 5 )
2.ACC 1] GABA /K F5HM KR

RHAMOIREAR ¢ K30 R I, BS54 GM R4 (0.488+0.042) HIEH
XPHEZH (0.485+0.036) HHLL TSI ZE R (t=0.252, p>0.05) ; HIGHEZEH WM
A/ 40(0.37340.040) 5 1E 5 X I 2H (0.365+0.035) ML L St it 2% 2% 5 (1=0.837,
p>0.05) ; H-M9 #3452 CSF AR50 % (0.13940.027) 5 1EH X ZH (0.150+£0.027)
LG H#ER (t=-1.546, p>0.05) (K 3a) , Kk ACCH GM. WM. CSF
R4 & L9 R 2> 52 B BT 240 2 18] GABA KT EL# . Hmg B 4 ACC 1
GABA+/Cr {8 (0.106£0.013) HIEHXHAH (0.120£0.011) ML EZE AL (t=-
4.590, p<0.001) (/& 3b) .

Pearson i <1 0 Hr & B, ACC ) GABA+/Cr HUE 5 SL T B #1F4 (r=-0.398,
p<0.05) K E TEFEWS LML (=-0.391, p<0.05) (K 4) . 4, TFI-CH
S Al TFI-CH T E R BIP55 . VAS W53 F1 ACC 1) GABA+/Cr HUAA 2[RI A 2.3
MM (B 4) o F# (=-0.164, p=0.353) . HMHHME (1=0.194, p=0.271) . X
HH PTA (r=0.099, p=0.576; r=-0.070, p=0.693) . PM (r=-0.161, p=0.362) .
LM (1=0.308, p=0.076) F1 ACC H) GABA+/Cr H0fR 2 8] A L2 2 AH 5 .

% %k k%
a b ]
o - 0.15 \
0.5 - : *
A = 0.10 o
o 04 <
8 03 -
B =
<
€ g2 - O 0.05
0.1
0.0 I 1 I 1 1 1 0.00 I 1
TP NC TP NC TP NC TP NC

3 FonG R A D AL B A

a: HIGHE SIEH WA GM. WM. CSF AR St L, MEfRE GM, Ltk
WM, # AL CSF; b: HIG R H 5@ ALK GABA+/Cr HIELEL, B S5GERRA
GritaaE X (p<0.05) . TP=tinnitus patients, F-M% &35 40; NC=normal controls, IE 7 % [#

H; ns: EGRIFERE L.
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0.14 ° 0.14 o 0.14 °
[ ] [ ] [ ]
= 012 & 012 4 4
S o® @ 5oz e %o 5012 e o
b = b =) P £ ° [
z \OL'""%‘\ E: W 3 A
= > < °
S 0.10 4 ° L S 0.10 - o °° S 0.10 - °
o o0 o o ° ® ® o0 o
] ° L °
0.08 ) =-0.093 0.08 ® o.l01 0.08 ® 0106
p=0.600 p=0.571 p=0.553
T T T T T T T T T T T T T T T
0 25 50 75100 0 25 50 75 100 0 25 50 75 100
TFI-CH 1 sC
0.14 o o 0144 @ 0.14 - °
° ° °
= 012 = 0.12 5 012 -
S ° o® S gl [ 4 .
e ° = z DY )
-] -}
< 2 Z W
S 0.10 - ® e L S 0.10 S 0.10 - « ®
%, o ® oo
° [ ]
0.08 [ r=-0.066 0.08 4 ° =-0.398 0.08 ~ ° =0.136
p=0.713 p=0.020* p=0.442
T T T T T T T T T T T T T T T
0 25 50 75100 0 25 50 75 100 0 25 50 75100
C SL A
0.14 - o 0.14 o 0.14 °
° [ ]
s024 o = 0.12 = 0.12 o
\5 ..‘ LN J . % ! () & %
3 L haP-{ T ) 8% 34 ° S
© 0.10 4 « © < 0.10 ° * © 0.10 4
°
o oo Se ®
L) o
° o °o®
0.08 =0.017 0.08 [ ) =0.170 0.08 [ ] r=0.391
p=0.926 p=0.337 p=0.022*
T T T T T T T T T T T T T T T
0 25 50 75100 0 25 50 75 100 0 25 50 75 100
R Q E

K| 4 TFI-CH K& HF 8 X5 GABA+Cr FIHUS K

AR SREARIER

esidual

X (p<0.05) .

data

model

3.2

4.2 4 3.8 36 3.4

ppm

B 5 TR S ES AR s R

L ngdual
2 3 2.8

J.

a: 1EHF TR R Z R (GABA+/Cr=0.127) ; b: H-ME 1R 2k &
(GABA+/Cr=0.107) .
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o

B0 (A0 B FT B R B AR B2 AL R B I L P R B S, A O
X B B AL AR OCAR I, BE T AR 5T H 2R 9T ACC 1) GABA 7K T 5 H Y]
FHOAE, Sy -0 o 35 A TR 2 WL AR ST AR 2R T Be ) 7 1) o 58— B 43 B ST 5IE T TFI-
CH, WH7tikJy TFI-CH W& & 1 B0 838 fvhh, BIEAw L TFI-CH,
EAT LA 8 AN HMG S BT BON AT VAL, B2l #E Bl fh ek,

TERZHIENLN, AR E R G KA R Z RS, Cr S & EIAK,
PRtk v DA VAR 5 B 1K A S 2B bR AR FE6F GABA K HEAT 1 AN &
., JEEH GABA+/Cr MEAEIEAT /08T FATHHE FEHERR T 484 A0 A 1 22 52,
HIH RN S5k, R LRT IR SR B, Wt J2 2 GABA 7K-FRI PTA 2 [A]%
AR EPARSCHEDS, s EARHE T IR KB ACC 1) GABA /K-F15 PTA Z [A]47
TE B A R

Sedley &SI ] MRS, A4 BES 8655 7o 012007 3 J2 /2 (1) GABA /K- 5
IEH O HRALREAT 1 EOBL. FEARATEAIT FE, S0t BRZHAREL, HEnG 5 20 e o A Wiy
W Bz JE CH AL, 0.99 vs 1.08 mMY/L) AU MW 5 B2 2 (A8, 1.12 vs 1.28 mM/L)
[¥] GABA 7KFFE(. Gl Gt o JEFE Rl e W e, B0 B 4 M ot 5
J7Z GABA KFHIBRRAISR 2, MR E o ST B 82 44 iy
W E I GABA KRR A Gt L. SIS BYAR, A5
LA Cr AZ RPN GABA ZKFRHT THIX &AL, &M H GABA+S Cr ELE.
AW FENG A 2H 1) T3 GABA/Cr LUAE N 0.106, 1EHXTREZHN 0.120. BEIAE
TR NHT I T GABA /K T AR S WIS 7%, BT/ H T4
[l 451, BE-NG SR 45 IR X IR 4LAH L, VOI [ GABA /KA T FF4 . GABA
FE PR 2 2R G b B B A 2 T, L = AT AR ENG 5 38 3 B
T RPN R EE S R S — U KA R £h 5 5 0 ) Sh AR [ A
TR, wAERKEREIEIN T ACC MZ i eatE, AT AT RS BT
IR LA 31 GABA HIHINOT, Hl AL 7K (0 BEEARG-  SUHR M () |5 R b 48 20 1
m, AL S GABA BIRRCA R SCRpX — R RS 45 Hg 54
AR R AN RGBT I3 LA K RGiHh i GABA ¥sh A 7 I AT — 2 1T

31



) T RSRE R AR M E v TR E WA R
121,

AW FIE K IL ACC ) GABA /KFHI TFI-CH T &£ 2 [H A7 {EFI <, B ACC
1 GABA HJ/KF5 SL 7EEM E TEER MK, XEWE ACC 1 GABA K
SRR, AR A EAR A S . X S BATRER R — B, BATE KR T 4%
REMEBCE S HIG Y B &R AP, UG EE AN RIES, Wk
R A8, ARSE. WEFU R, AEBENRI BB ABEH, ACC 1) GABA /K-FHi
BLEAS, 12 GABA fEH A HMEHNLHI M AE R, X ATRE2 BTk S 80l B
WOE AN = 5 | AL 20, Qi JS SRS S ACC 1) GABA KT AR 55 R R e
A ¢, BF A GABA 253G N7 e 2 SO MEAR AR A B T B AR T j5 B0,
PO 7 2 (35 B 75 B 35 L A () 35 i BUB2), - R FEIUE R ACC 1) 57 % i sh ]
SR ERIELAT N, I AT e BN 5] R R HIERRE IR AN SR S 2513, T ACC 1)
FHEIGE RS GABA AR K. AT KB ACC ] GABA /K75 HAY
TR AN 3 AR OGN, BBCA FR OSSO IE HS AR 5 GABA 7K-F- 2 [A] 1)
HEMRR, ME— SRAVAARITE F AL B A R & B E RIS, iR AT 5 B
HIEE S, ACC o GABA 7K-T- (R FEA AT e 2 H-1E o 1 AR B 2 L] A AR AR ) &, Y
ACC 1 GABA /K-FHIBEIGIHER 72 R4, MM s ACC &G sk 5] &
B,

S # 5y WAlE TFI-CH I, 39 #%2iE % 1 rTMS 897, RN R EXHATT
JEA EWIT AL BRI I MRS B 128 AT T H R, (HE T2
TR RS B, H RTHEFUSCER RO X LB AT ST 2 0 A . Rk
SREIWT T )T [ AR RS0 rTMS Va7 Ja A 0T 2 HA BIRH E 34T Ik MRS
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Abrstract

Tinnitus is a common clinical ear disease with a high incidence, and in severe cases,
it is easy to cause anxiety, depression, sleep disorders and other adverse emotions. The
treatment of tinnitus has always been a difficulty in clinical work, because its
pathophysiological mechanism is unknown.With the development of science and
technology, multi-modality magnetic resonance imaging is gradually used to study the
pathophysiological mechanism of tinnitus, which enables us to have a more
comprehensive understanding of tinnitus.Here, we review the previous studies on the
neural mechanism of tinnitus using multi-modality magnetic resonance imaging. The
results show that there are neural network changes in the central auditory system and
limbic system in tinnitus patients.The neural mechanism of tinnitus is a complex
regulatory mechanism involving multiple networks. Future studies need to more
accurately study these neural networks and further reveal the pathophysiological
mechanism of tinnitus.

Keywords :  Tinnitus; Multi-modality magnetic resonance imaging;
Neuromechanism; Central auditory system; Limbic system
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