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Revealing cerebral white matter structural changes in patients with chron-
ic low back pain caused by Lumbar disc herniation based on TBSS

ZHOU Hui-ling, CHEN Li,ZHONG Xiang-kai, LEI Ting, QIU Zhi-qgiang, LANG Xu,DU Yong
( Department of Radiology ,Affiliated Hospital of North Sichuan Medical College ,Nanchong 637000, Sichuan ,China)

[ Abstract] Objective:To investigate the relationship between white matter abnormalities and clinical characteristics in patients
with chronic low back pain due to lumbar disc herniation (LDH) by using tract based spatial statistics (TBSS). Methods: According to
the occurrence of lumbar disc herniation,the subjects were divided into LDH patient group ( LDH group,n =31) and healthy control
group (HC group,n =31). And all underwent magnetic resonance diffusion tensor imaging ( DTI) and high-resolution T1-weighted ima-
ging. The fractional anisotropy (FA) ,mean diffusivity (MD) ,axial diffusivity ( AD) ,and radial diffusivity (RD) of the brain regions
with differences were calculated using TBSS analysis. The diffusion index values that differed between the two groups were then extrac-
ted and analyzed by partial correlation with the clinical indexes (P <0.05). Results: Compared with the HC group,in the LDH group
FA values decreased in the middle cerebellar peduncle, corpus callosum, left corticospinal tract, bilateral medial lemniscus,bilateral in-
ferior cerebellar peduncles, right superior cerebellar peduncle, bilateral cerebral peduncles,bilateral internal capsule,bilateral retrolen-
ticular part of internal capsule,bilateral corona radiata,bilateral posterior thalamic radiations (include optic radiation) ,bilateral sagittal
stratums , bilateral external capsule,bilateral cingulate gyrus, left fornix/ stria terminalis and bilateral superior longitudinal fasciculus.
RD values of the middle cerebellar peduncle, corpus callosum, bilateral medial lemniscus, bilateral inferior cerebellar peduncle, bilateral
superior cerebellar peduncle,left cerebral peduncle, left posterior limb of internal capsule,left retrolenticular part of internal capsule,
right anterior corona radiata, left superior corona radiata,bilateral cingulate gyrus and left fornix/stria termina in LDH group were higher

than those in HC group. In LDH group, the increased MD and AD values of white matter skeleton were only confined to the middle cere-
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bellar peduncle. In the LDH group, FA and RD values of left fornix/stria terminalis region were positively correlated (r =0.446,

P =0.012) and negatively correlated (r= -0.398,P =0.027) with disease duration, respectively. FA values of right retrolenticular

part of internal capsule were positively correlated with Japanese Orthopaedic Association scores (JOA) (r=0.576,P =0.001). FA

values of left medial lemniscus (r =0.406,P =0.023) ,and left inferior cerebellar peduncle region (r =0.405,P =0.024) were posi-

tively correlated with Hamilton depression scale (HAMD) scores. Conclusion ; Patients with LDH-induced chronic pain have extensive

cerebral white matter microstructural damage,and white matter damage in the fornix/stria terminalis region is associated with the course

of the disease.
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P VR H AT R R BRI FE R 2 —, 4
BAHE N BRI G35 H AR b8k R
IR R 2 RE AL, ME ) 35 598 S SO 19 8 S
39% ~45% , BR R LIRS o A 1 4
2 4 4E (lumbar disc herniation, LDH ) 2 4§ 7F %
2 (HER SR AT Mk A2 b 55 ) L RVE TR, HE )
R A AENE LT YRR 03 558 R AL BB A (LT 43R |
OB A EHER B A SR, S BUR AR E &
R R B A T B A I R 5 B AR, K E R IR
T 1 A P R S S SRR AR, LDH
EIN S SL NV AL LR U2 WS I 4 STPN ]
MIRE X 8 2 5% 0 8 15 B "7 . LDH % 4
AT A/ T 50 P B A 0 R P e T S Bl )R
A0 R R AZ B A O /I i T A AR s /b i A A A
T (] B S5 | e AR T I 0 A2 R Tl R A i+
TR AR TR 0, 450 K 0 0 P 08 i J 79 1 5 4R AR D
D HARA GRS % AT LDH fr 80 v
PR 7| L I 1 T 45 A8 S R T S8R X B D AT o
1T RGEAENTFE , AR W 42 il 11 57 265 4 30 28 1 0 B HG
S PRI RE I 2 A I R A bR 2 B AR G, TR
7k 5 15 B R (diffusion tensor image , DTI) & — Fifi il
ok 5 7K G5 RS Bl AR T S R 1 0 2T 2 R
B AR AMEBUER 7 2, B8z W TR R G B
R E R L i AR a2 o 17 Sl 1 vy S
(tract based spatial statistics, TBSS) NI 3% FH 4F £& £ Bic
WETJT B, LT 35 TR & 43 B (voxel based analysis,
VBA) J7 ¥ i 4k B A9 45 B8 R e A7 93 DT 45 b
WG 272 FA B 28 F R AT a4 20 A, 8 3 R R
SRR SRS R A Ol o PR, AS BIE SR DR
JH TBSS 734 LDH B S M4 F8 8 ik 1 J50 45 44 2
71 0 K HG 5 1l R AR AT AR A S o

| ARSI

L1 —f&E#

VEHL 2023 4F 1 ] & 2023 4E 7 AU S 2 B B
o B B Wit i 31 {51 IR AE [ 55 2 ) AE B A S T
X498 A LDH 20, LDH 20 4% A b5 i (1) W]t
T, EHE CT/ MR 45 52 A% 2 K A ik 5 I AfE (7] 28 2% 1Y

360 R 58 208 T 5 A (] L A8 7 5 (2) 0 I B R AR
RG] =3 A~ 1070, P36 A 0L B 3 (vision ana-
logue scale, VAS) 3F43 >3 43 (3) B MEHE 0] £ 28 1
SiE BT O S0 JC A R BT SO 5 (4) 1 SRl R Al
P ARAE R 28 VIR SR 5 255 (5) 39 9 A A
Fo LDH A HERRARME : (1) BETEAT IEAME T R 5 (2) §&
B AM G I AT ZE R B R R LA K
HORARAAZ NG 5 (3) A7 75 KT 245 W 4RO s 8ORS #
S5 (4) FEIR I BN, ok BE A MRI A A (5) B3k
KA H A &M, FHHESE 31 A5 4R
e SO A R 2 A DL THC ) et B A5 DR A A i B ) TR 4
(HC #) ,HC HI AbpiE: (1) JoHs#i st 28 R 48
P 5 (2) oG LR EE SE s (3) A A T3 (4) AIES
HARWFOIFEFZ G R E A . HC HHEBRbRE: (1)
AR TP 25 W) MRS S BORS #5005 (2) i L AR A 4
A (KN A & B A, P RYEAESE ) 5 (3) f71E
A B A7 P i S FG Al I TR BT BOK R #5 (4) oAy
24 . LDH b, B4k 14 ], 200k 17 i 45 4% 27
~69 % it 3 ~ 240 > H ; WAF S TASP [H PR g
4325 18 1 K 98 4> 28 (International Classification of
Diseases , ICD-11) """ | HC ZH v, B 14 5], 2ok 17
347 % 25 ~66 27 o BT AT 238 16 A6 A iy 249 01155 (7]
ROFEB SR AT o AW P3N IL B 2 B Mt
B B A6 B 25 51 23 4t vk (2023 ER248-1)
1.2 G RiTEf

LDH 23218 & 75 % I 4R A A B £ 47 LR s R
R (1) VAS PR3 S B2 BT Al 0 (TR ) ~
10 73 (IR ) 5 0 50 o A i MR 2105 (2) H A B B
P32 ¥F 43 ( Japanese Orthopaedic Association scores,
JOA) « DY-Ali B AE T BE K P/ 6 A 3 o B 19 52 00, >
{BH -6 ~29 735 (3) DU /KW A JE /AR i 3237 7
( Hamilton anxiety scale/Hamilton depression scale,
HAMA/HAMD) . $PA5 323803 #9.0 BDIR 25 . HC 452
L i [A]— 44 B AR E AT HAMA/HAMD 3%l
1.3 HBFERE

% M Siemens Skyra 3.0 T % 3L4R i1 & 4,32
1 TH Sk ARAH PR LR B i . DTT B i LUR 280
B A T T AR ¥ 51 SR B TR 8 500 ms, TE



F39% BT
gga 202447

JIldt E Z Bz 2 4R ( http : //noth. cbpt. enki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 39,No. 7
Jul. 2024

92 ms, B BF Jy [a) 30, FOV 240 mm x 240 mm, 45 [%F
128 x 128 fRZE K/N1.88 mm x1.88 mm x3 mm, /=
JE 3 mm, JCZ 6] B, B#E 1 90 ©, I A 9 min
6 s,b {EHCO Fl 1 000 s/mm’, ZIR T 5 43 B = 4
T1 JAAZ SR PR o6 B2 01 9 A 471, 433 415 5 o
TF:TR 2 300 ms, TE 3. 01 ms,FOV 240 mm x 240
mm , 5( fF 256 x 256 , & Z K/ 0.94 mm x 0. 94 mm
x1 mm,)JZJE 1 mm, BJZ0HE, BIHMA 9 °, A2
176 2, I E 5 min 21 s, Kefhm T fnAL K&
T2 JASCR AR a5z B 0k 52 1 90 AR A i R 3 Al DL
PRI A BRI TCAT AT KBk 4548 S 7 o i A s AR 8
28 H w0 0 A5 Al e b BB
1.4 DTI #HiEAER 5

Bedia U 4 R dem2niix B4 54T Dicom
#e G S 4, 15 5] NIFTI AR 2, s fisb 3. 5%
e [ A e R 2y 1 iR 2 BE A% g L IR O 5T 0 19 FM-
RIB Software Library ( FSL 6.0, https;//fsl. fmrib. ox.
ac. uk/fsl/fslwiki/FSL ) , &4 e H T H AL 19 fslroi
A A4 2 b0 &1, {8 ] bet fir 4 K BRIE i 4 2UF 77 2E
ZBRAEMH 2R 7Y mask; FJ ] eddy _correct iy 4 Xf
NIFTI A% 2 DTT $ 48 o8 17 108 0 2 Sk 3 8 OE, DL
PR PRI 35 2 Bl i) s U A Sk 30 A 0 R AR JE TR)
Ao AT DTIFIT B G 4 45 45 1] 53 1% 73 %X (fractional
anisotropy , FA) 3] 9 ¥R ( mean diffusivity, MD) |
Bl 1) WR B (axial diffusivity, AD) (42 0] 9% 8K (ra-
dial diffusivity, RD ) S5 4K 2 KV W oR B S 8 &, b
YRS HE R AT TBSS 23 #4831 23 A - i ] FSL
BAERs FDT = A2 9 LR SR FAJESR FH 2005 AR &
PEFCHEF) FMRIB FRfERIHR (FMRIBS8_FA-1mm ) , [A]
i 5 48 3] 5 R A1) R 28 BF 9 B (montreal neurologi-
cal institute , MNT) ¥ #E 25 [6] ; 75 42 i 15 FA B 24,
BIME B E N KT 0.2, 0 2 S 55 3] b v 2 1)
A FA B AR A Z IR 2R FA 153
ZH5 AF] MD (AD \RD 45 & LAA5 31 HoAth 5% #0ik

HEEARA.

1.5 FHitZESH

) SPSS 26.0 BRUFHEFTSE M40 HT . HHHHE K
AL (%) 1 4e7% , 411 B AT x° Kades R Shapiro-
Wilke K 0 J7 o B 2L P VR A7 1 25 A iE
AT R VORI (3 o+ 5) 05, LI B BOR 0
Ko s AR TEAS 43 A B0 R VORI BL [V (Poy, Pry) ]
SR AL HOBR JH S -45 8 U Ko %, LDH 41 R
HC 414/ B0 2 0 2 5% L, 5 1) FSL k1
H Y randomize fiy 2%t FA MD .AD RD %8 2 K %
—HEATAE B BRI B CE YR 10 000 ) LRI
TG 518 28 2 18 5% 45 IF ( threshold-free cluster enhance-

ment, TFCE ) #£17 Z & ALK IE (P <0. 01, FWE £
1E) ;4 TBSS 5 2 R 45K 5 JHU fr i (1 BT 4F 4 A
}z (JHU ICBM-DTI-81 White-Matter Labels) 47 %
Lo LA o 22 S i X, o TBSS 3R A5 (14 22 5 i X AE A
JELHR X (region of interest, ROI) , 2Bt LDH 4H f¥) %
Aok 48 AR (4245 FA {6 MD {6 . AD {5 .RD ) , 5
IR FE VAS 14> JOA 34 fil HAMA/HAMD ¥
G3 AT AR AR 5 3BT RV AR R e 32 R AR RRAE
A, P<0.05 AESAGITFE L,

2 HR

2.1 WAANOZRIGKREREE

LDH 415 HC Z07E 5] A 8 M 52 L F AF PR 22 7+
WG it 2 (P >0.05), LDH 44 /Y %5 2 K
(44.97 +57.48) 4~ H ,VAS ¥4 (6.35 1. 17) 4%,
JOA 1%/ (20. 16 £4.70) 43, LDH 24 HAMD (P <
0.001) & HAMA (P <0.001) iF4> & T HC 20, I,
1,

%1 HCZAFR LDH AEFREFRILE [x £5,n(%) M (Py,Py) ]

FER LDH % (n =31) HC 41(n=31) VUl P
i3l 0.000  1.000
9 14(45.16) 14(45.16)
4 17(54.84) 17(54.84)
SERR (4F) 51.00(41.00,56.00)  50.00(45.00,54.00)  -0.310  0.757
THHER () 9.00(6.00,9.00) 9.00(9.00,12.00)  -1.810  0.070
W) 25.00(7.00,60.00)
VAS(4}) 7.00(5.00,7.00)
JOA(%) 20.16 £4.70
HAMD(%}) 6.00(2.00,8.00) 0.00(0.00,2.00)  -5.534  <0.001
HAMA(4) 5.00(4.00,7.00) 0.00(0.00,1.00)  -5.837  <0.00l

2.2 MARBREHILE

5 HC A E, LDH 21 /)N il o B JDF PG 4% 22 )
A sn L AR A RN E I AN i N S S (DA
iy = A SUA A kg A A P e RUA PN A R A S
BB U e 5 e OB e i S e A (A LR )
A R AR SR SUA A 3 U s [l | A ) 5 i/ 4 e e
XM AR FA K B (TFCE £ 1E, P <0.01), H
LDH 20 JC FA {8 F+ & (i (1 5T X 8k, LDH 25 /) i
0 MD {4 &% AD {H & T HC 41 (TFCE # IE, P <
0. 01) , /> v A L J9F BG4 L SUAm g A e 38 LA /) P
TR OB N B B A A A B A A P R S R
] PN 38 SR A S A 00 i A S A R S s
Fiialy 8] N A2 S /4450 RD AL T HC 41 (TFCE
#1E,P <0.01); LDH #4JC MD {& .AD {8 & RD {4
A AV A i 11 B Xl DL TR 1



BT TBSS 3 Ay JEAE (8] 45 5 H B 00 1 T i 8 25 00 il 1 5

ARG 885

a

W

06000000

PP

DL

@

value(1-p)

value(1-p)

EHFHFARR

1

LDH 485 HC A& TERBK B EZE R WX (TFCE &KIE,P<0.01)

A. LDH 28 FA 1A % 4% e I X (3£ &) ;B~D. LDH 21 MD 14 (B) ,AD 14 (C) . RD A (D)t S X (L&),

2.3 LDH B & 0 E K44 516 k8 R 1068 %
S
BRU LDH 41 8 % 2% B X /9 FA fi. MD i,
AD {8 .RD {H 5 .VAS . JOA HAMD J HAMA i}
SR HEAT IR A0HT o 7 M0 25 /40 50 1K IR 1 R 24
FA {595 R 2 05 MG (r = 0. 446, P =0.012) ; 45 {1l
DAY 9 IR B KB B A FA AR E 1A
O K 1 73 5 S0 4 S R K B FA i

e R4 B

r=0.446, P=0.012
0.10 . .

I I 1
0 50 100 150 200 250

()

FA i

5 JOA PEAF R IEASE (r=0.576,P =0.001) (n =
30) 3 AU P Fr R DR BT 4R FA {55 HAMD 3
P IEAHSE (r =0. 406, P =0.023) ; Z2 ] /)N il T~ fE
B A BT 42 FA {H5 HAMD {H 2 iEAHC (r =
0.405,P =0.024) , 7202 /&8 X 3, RD {4595

PR AL (r= -0.398,P=0.027), WK 2 K&
K3,
A7 0 P 8 TR
0.1657
0.160 . e °
0.1557 . e e
oo . ° %
0.1507 . I
..... >

0.1457 . ®
0.1407]

r=0.576,P=0.001
0.135 T T : .

10 15 20 25 30
JOA P43 (41)



$39% T JII L E ZF B3R ( http ://noth. cbpt. cnki. net) Vol. 39,No. 7
886 2024 4F 7 H JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE Jul. 2024
2 Py Fr & /NI T B
0.167 0.16-
0.15+ ®
m 0.144
=
0.134
0.12+ L L
r=0.406, P=0.023 r=0.405, P=0.024
(O e L A e B S | o7 T
0 5 10 15 0 5 10 15

HAMD 43 (43)

HAMD F43 (43)

B 2 IDH ZEEZZRMERBRRE FA ESEAERNVENEXXR

PR T34

r=0.398,P=0.027

1.1 T T T T 1
0 50 100 150 200 250

AR ()
B 3 LDHREEZEZSMBRBEXE RD &
SifRERMENEXXR

3otie

AW F W, LDH 41 8 F A7 A8 12 091G X
BAL) FA(ERECA RD {7+, =2 A HE /N i PF
BIRAA PO e 2R (PN L P R A S R R O e L
Wl B/ AL 5 Nk I MD A & AD B .
AN, LDH 8 % 9 2 15 26 00 5 8/ X 50 H) FA (i A
RD {EAFAEAH M, JOA TF 43 545 ) P 4 G R A s &8
1) FA {HA ¢, HAMD 3 23 W] 5 22l 9 B 3R M 72
/I T BB FA(ELAF G

TBSS J5 38 i $ HOAM BT 1 0 242 0 R A
B ] 2 40 58 1 0 B 285 40 (R AL A5 R BE o DT ) 3 vp
FA A{E 0] ¥EAL K 43 AE LGN I 3 1800 17— B0k, 18
$ S W 1 5 AT AR R G 57 MR BERETE B i R TR S
K% B FA (R R AR AT S 4 4 400 49 5 25 2k VB R 1Y
P05 2 e SR A N K e b 2 T A 4 o 4
MD (i 2 20 SR 07 1) 0 7 28 R R i i K 4 F
TELH AU R BT HLRE 7, 24 20 i [a) B 34 vE s T
B MD (B S, 0T B B A0 40 A g 1 & K
RD {8 36 £ %0 58 7 1] B9 5% 100K ek 8, FL Tk 2 3
55 RE RS0 00 OB R A G AD (R B AT TR R
) B BRI K R, 5N O Y B R S 7 MR % U AR
St RBEgE  LDH B H AR 2 AKX Y FA
{i % RD fH 5% , T BE ] # ) e T LDH B 71T
7 B T R PR A R B Bk R R AR S 5

LDH [ 9 MD {2 AD {8 5% S AFAE T /N v j)
X35 11 1 I £F 2, 6 W K30 0 7K SF 58 A7 0 il 2 o 4%
PEAFLAORBE o A, A1 8 A0 0 45 03 mT 5 | e A 7
LR 28 R ARE , DT 8500 A1 T B e X b 28 Jig I 440
A T 1 R b 25 2 8 T SR s b R e
T B30 28 21 4 - 1 il 28 B 6 0 2l 28, 9K BIEE b
RD (B T+ 5, 3 B4 58 7 1] 19 7K 43 F 5 HCHS i, 6 4
XoF 7K 43— 1) R AR B AR R B AIG, J0) aE — 2D i
FA BN [, % B Jn kb B0 0 e 2 R
kB LDH (8% 4 O e | B S A 90
WX IAAAE FA (B A (80 RD (B 5%, #2518 M
S S 0 5 R e R A A A O

LDH 8 39 82 5 72 ) & 98/ 2 0 DX 3881 o 4%
¥ St B Mk BB/ R OUE R A 1)
AR5, 0] e 5 R R AR R L R R S ROR
55 M 5 M7 . ABFsE T, LDH 2% 22 M
TR/ AL FA H 59 FE 5 E AH ¢ RD B 595 2 2
A &, I 10 T 0 ol A I A A R SR A A A R X
b BT VA i Y G AR i R 2 2B o G A B E 2 e
VA O I A e B ST AR SRR I 1 G 2 )
53 2 Sf AL, AT S 30 FA (O RD {55 7R B b
MR As , 5 AR S IR A e A — B

AWFSE o, LDH 3% HAMD/HAMA 4 & T
fe R AR IR, BB LDH B i T A0 TR )t i o
75 5y 1 BN 45 B A1) 9, 15 Scherder ZERIF 51 2 2%
Moo RS AV 5 16 L )1 BT 4 G o 4 42 2F
Y 522 1 M AR AT B G PN A A 4 Ak B b Y T e
PEFA L ARBESTIR KB LDH R 22 00 il
Z KNG B FA {65 HAMD JE/2r 2 FEHH G, 5
Scherder ™ 22 K 725 2 B R G5 AF1E 25 5, 5
JE R AT RE A (1) 92 P & AR AR S 32 Z Fh R &R
SO, SR T B PR, R [ B A RN R
Y e B i 235 K A ) 8 kAR R AH [R) , a2 R 3
T FA {H 5 HAMD 143 18 B AF AR IR 5 (2) A
FEREAR RN, AT BEAFAE ST AR M, 5 4243 7 a0F —
A FF I i R P 08 DA 0 — A0 ST A 4518 .



BT TBSS 3 Ay JEAE (8] 45 5 H B 00 1 T i 8 25 00 il 1 5

2 AR 887

N GRIZ G S S 1 B AT RO £ 4 ) T ATz
EhEF 4. AT, LDH 3% JOA P70 545 il Py 4
AR E 8 FA (SR IE A ¢, HLAME LDH JR 8 (4 4
SR IR IR BRI R B AR 22 FA (H 5 JOA i
SIEMISE ™ JOA PSSR AY LDH [ 24, A i B
RBUBEZE | B5E 21 i Ml iz 2l 21 4 1 46 0 7] RE ™ 5,
SN 5 AR 22 R B — E 1 — B

£i I, LDH Jr 808 Ma i /& A7 e ) IZ W A
Ji A A4 L R AT BBl 258 MR O
o DX T A T B R S R G DX
TE— 2 T8 A 1 A8 R A 09 A I 22 LR

&% ik

[1] Hartvigsen J,Hancock MJ, Kongsted A, et al. What low back pain
is and why we need to pay attention [ J]. Lancet, 2018, 391
(10137) :2356 -2367.

[2] Geurts JW,Willems PC,Kallewaard JW et al. The impact of chro-
nic discogenic low back pain:costs and patients’ burden[ J]. Pain
Research & Management,2018,2018 :4696180.

[3] Fardon DF,Williams AL, Dohring EJ et al. Lumbar disc nomencla-
ture : version 2.0 : recommendations of the combined task forces of
the North American Spine Society, the American Society of Spine
Radiology and the American Society of Neuroradiology [ J]. The
Spine Journal ; Official Journal of the North American Spine Socie-
ty,2014,14(11) ;2525 —2545.

(4] A EE A% So O 2 40 2 A IR Ik Y0 0 A% 2. TBEAE [h) 8% 58 1
297 i RO L R AR T ] b AR R 4% 2% 35 ,2020,26 (1) -
2-6.

[5] Baliki MN,Chialvo DR, Geha PY ,et al. Chronic pain and the emo-
tional brain: specific brain activity associated with spontaneous
fluctuations of intensity of chronic back pain[ J]. The Journal of
Neuroscience ,2006,26 (47) ;12165 - 12173.

[6] Ng SK, Urquhart DM, Fitzgerald PB, et al. The relationship be-
tween structural and functional brain changes and altered emotion
and cognition in chronic low back pain brain changes:a systematic
review of MRI and fMRI studies[ J]. The Clinical Journal of Pain,
2018,34(3) :237 -261.

[7] Davis KD, Moayedi M. Central mechanisms of pain revealed through
functional and structural MRI[ J]. Journal of Neuroimmune Pharma-
cology ,2013,8(3) :518 —534.

[8] Luchtmann M,Steinecke Y, Baecke S, et al. Structural brain altera-
tions in patients with lumbar disc herniation: a preliminary study
[J].PLoS One,2014,9(3) :e90816.

(9] W, Aph, R, A5 e ] 28 50 T M9 A6 8 Mg B JB Ak A o A
iy MRI BF 55 [ J]. OS24 592 8 ,2017 ,32(8) :812 - 815.

(107 T, kL D5, AT, DTT XAk 6] 3 5 ) i R 45 0 141 R B0 28 (1
WFE[T]. o E BE Y7 g s 5 ,2019,25(20) . 137 - 138.

[11] Wang D,Luo Y, Mok VCT,et al. Tractography atlas-based spatial
statistics ; statistical analysis of diffusion tensor image along fiber

pathways[ J]. Neurolmage ,2016,125:301 - 310.

Z< F B 41k - http : //www. nsme. edu. cn

{E&E 5 & % : http: //noth. chpt. cnki. net

[12] Treede RD,Rief W,Barke A, et al. A classification of chronic pain
for ICD-11[J]. Pain,2015,156(6) :1003 - 1007.

[13] De Santis S, Drakesmith M, Bells S, et al. Why diffusion tensor
MRI does well only some of the time: variance and covariance of
white matter tissue microstructure attributes in the living human
brain[ J]. Neurolmage,2014,89(100) :35 —44.

[14] LiuJ,Zhu J,Yuan F,et al. Abnormal brain white matter in patients
with right trigeminal neuralgia: a diffusion tensor imaging study
[J]. The Journal of Headache and Pain,2018,19(1) .46.

[15] Porcu M, Cocco L,Puig J,et al. Global fractional anisotropy : effect
on resting-state neural activity and brain networking in healthy par-
ticipants[ J]. Neuroscience 2021 ,472 ;103 — 115.

[16] Yano R,Hata J,Abe Y, et al. Quantitative temporal changes in DTI
values coupled with histological properties in cuprizone-induced
demyelination and remyelination [ J ]. Neurochemistry Internation-
al,2018,119:151 - 158.

[17] Ji RR, Nackley A, Huh Y, et al. Neuroinflammation and central
sensitization in chronic and widespread pain[ J ]. Anesthesiology,
2018,129(2) :343 -366.

[18] DeSouza DD,Hodaie M,Davis KD. Abnormal trigeminal nerve mi-
crostructure and brain white matter in idiopathic trigeminal neural-
gia[ J7. Pain,2014,155(1) ;37 - 44.

[19] Squarcina L, Houenou J, Altamura AC, et al. Association of in-
creased genotypes risk for bipolar disorder with brain white matter
integrity investigated with tract-based spatial statistics [ J]. Journal
of Affective Disorders,2017,221:312 -317.

[20] ZEb JEAFMK, I, 45 3 T4 100K ot L 1500 290 A D54 72
MBS R S BT L) ] I RO 2 2k L 2022, 41
(5):810 -814.

[21] Bubb EJ,Metzler-Baddeley C, Aggleton JP. The cingulum bundle:
anatomy, function, and dysfunction [ J ]. Neuroscience and Biobe-
havioral Reviews,2018,92:104 - 127.

[22] AR T, RHE W&, 55 0 At b sl N 5 B MRS A Ay e %A 19 J5
2k o R ok SR WP SE LI ] b 1 I R A 2 B 2, 2022, 30
(5):493 -501,566.

[23] Scherder RJ,Kant N, Wolf ET, et al. Sensory function and chronic
pain in multiple sclerosis [ J ]. Pain Research & Management,
2018,2018:1924174.

[24] De Ridder D, Vanneste S,Smith M, et al. Pain and the triple net-
work model[ J]. Frontiers in Neurology,2022,13:757241.

[25] Sheng J,Liu S, Wang Y,et al. The link between depression and
chronic pain:neural mechanisms in the brain[ J]. Neural Plastici-
ty,2017,2017:9724371.

[26] Kuner R,Flor H. Structural plasticity and reorganisation in chronic
pain[ J]. Nature Reviews Neuroscience,2017,18(2) :113.

[27] ZERT BEUIE, SR TR TR , 55 AP R SR A8/ N ok 10 Tk St A 1Y
IEIRBEFE T, XS H 2 B4 5 ,2016,33(5) 1397 - 401

[28] EIl Basset ASA,Saeed AHM , Tawfik MH et al. Value of diffusion
tensor imaging and tractography in unilateral lumbar disc prolapse
[J]. Egyptian Journal of Radiology and Nuclear Medicine, 2021,
52(1):25.

(s HH9:2023 -12 -07 & @ B #5:2024 -03 - 12)

fB 48 : xuebaochy@ 126. com



