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PR IRRSE i 22 2R AR 05 BB BT 5 R B ME PR 2
— HEEH 3.3% ~8.2% , I [H HATL A 4 620 )7
) NP B o AR DR AT 23Sy A1 Jo A e
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stroke pain, CPSP) H# FR I 1 285 VP (diabetic
neuropathic pain, DNP) Fl 47 IR 2 )5 5t #fF 28 9
(postherpetic neuralgia, PHN) %52, (55 R B R FF
2 a6 W 8 [ A PP L O AR AR AR A
A1 B IR 45 71 A R0 B o 5 ) T, ™ 52 Wi S 2
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41 5 iz 2y Kz 5t (M1) A9 oy 430 28 ot 4 30 33 Chigh
frequency repetitive transcranial magnetic stimulation,
HF-‘TMS){E R G2 NP 1) A GHIESR . BRIESETMS
Hb TR 5 M S A 0 IS oL T ph 24
FHOR 25 Y Theta JJK #0334 (theta burst stimulation,
TBS) L 1 718t A R 7 A%, 6 45 18] 8P TBS (inter-
mittent TBS, iTBS) il i% 2% #4: TBS (continuous TBS,
cTBS) o WEAEWFIEF I, NP BV 7 s B L A B2 4L
A A B A, P T 2 AR AR SIT X 8k P i 28 08 5% K
L5 — ZR A A S 56 O TR 5 1 5 (46
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A i 28 70 24 A PR A T B R 2 B G AN B
APIAVERCE AT R G R R IG SFE 2 T
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LRI RE T4 e A\ 20 2T A AR | b 22 ST K
1A 28 G 8 55 TR 255 TMS 2 g NP 7 T Y #2244
PR, LI TMS 34T NP SR .

1 TMS S0 3 i AT 284

65 A 2%y P 2290 Rac1-GEF Tiam1 i i
I FA MM EE R DI RE N SR v YA, 2 5 NP R R
FEEAR AEFRpg 4 RS YINSE R T A T35 N
AN 401 P p o 3] e i 2 7K 4 B K BT (peeriaqueduc-
tal gray, PAG ) & &M X f1%) 38 4 HLA 0 T 417406 %%
N, AEFE D PR ) 4R B B, 12 B P y - TR
RERR 8 T0IE B3G5, 300 o 410 45 9 1 b 22 0T A% 3 2%
FEVEAS T, %38 B M R A Y TR
KNG 25 PR IERE 1 o 2 Ml 2 F4 A ) B A T
P AR 218 M NP B0 T2 BEAL ] 2 — , HLAE
FEBS Be 24N DX (40 PAG RGF0AF ] A A% 45 ) o)

— TUER X T 25 NP A RER A58 KB VE R F
1Bl B ) Y TMS 3697 (20 Hz, T11 5 d) Ry 7 3%0n]
A3 1 H , BIFSUE T iTBS, X 7] RE 5 28 fih ] {5 5
B3 SR BN WK 58 bk Dy RE D T T A T, —
RGN WFFEHE H, N- F 3L -D- R R R Z AR
TMS 75 5 28 fiok v 98 1 i 0 55 0120 Hl 1 1) 428
LA R T T AR W 2 5 TMS i S i K
Bf A 5 i 4 s AR AR b . SRR S AT AR fE T BB S
6 H B T A 2 L, 1T A S 2 i ) B AP B
Ax e BB O Y B IR TMS
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Wi 2 fisk R 4 465 M) B 2 i S M8 ot 8 3o T R
THOMSON 257 Fi iTBS B #2438 it A ek 251 4 fifg
SR UM (SH-SYSY ) /- fb iy s 2 i 2 R 7, 24 h 5 &
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5 o LUO %5038 g W i) SR g K g ) 43 S 0 28 ot ik
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PRy R ol ] SR 1 DR TR =R T
B G PE 48R T rTMS T 75 S 4 28 0 S 3 M
WEAEALH] o EXF TS A ] 38 3 375 5 28 fish 45 44 A1 )y
A 1 AT SRR AR A A TR ) LR 47 Ll S HL T
R

TR 225 32 N T (brain—derived neurotrophic
factor, BDNF) 1 > 28 filh J& m A1 Ty i & 442 1) G i [
T b —ERE LS 580RE L BRI,
ZHAO 5 5T & 0, 2t i v NP s e 3232 40
1] M1 [X 10 Hz rTMS J5 F) 95 98 2% ff R 7 5 1L 38
BDNF ZKF- T A K. AR 4 b BDNF ZKSF T i
MK AF Bt 2 il P S8V AT PR 2R T 22 40, YK R R
SR U BT RCE I ERR S MUK DI RE . 7E
NP Z VWIS, HF-TMS 7] 5838 i [ 18 BDNF %:[A Y
FEAR K, [B] 22 A0 2 e 2 A PR B, PR 1 A2 43
P2 T, Y T R B S N K P S R . B
HWFEIRA, BHIF A 51 & 38 BDNF 75 NP 18 V- HH 777
HRIKIMG X FH -2 T IRAE .52 (U pE bl
L0 TR AT R ST RE IR , I 5 fih SR
AL PR P RO N I HERE Y . %K F BDNF 78
NP F H AR 52 2 T 4 B FH X — 2 bR i
i TMS A #CPE &4 I W98 i — Kk k. 25 1, TMS
HUA PR 2 fh ] YA G R SRR g T T .

2 TMSHEREMEMLINEESR

WF5E K B, 38 5 27 4 5 1 N ML PAG (8] 1)
B TIREIE #2175 5 HL AR 5 B BRI R0 5 A
MRS B )2 (S1) A A% 5 i 45 X Sl A7 7
rnm i BT REE 1, W&l R AT H RS 4R
HE EATHEIR A5 5 WAL B 8 RE , ORI T 0 i) Jak
R R FRORD R SRR R 0 4% () S H ) e i BEAE
NP 5 8 i A7 7E 2 I8 B AR S 46 7 A (e
() T JF PR . TMS AT L3 3k K A2 0] 8 o ot B
DX 38 1) Ty i 4 422 1) 1E Ak, 4% HO s i PR
2.1 TMS i 5 - B¢ Rl D fig i+
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B, RAE A L AEEER . Hh, B )2
ALY AR AR ALK T ML, 38 7R T M1 5 40 B 58 5 8
B2 22 [B) B R i I 4 3 B2 L 3 T R R R $ U
JPRU R IR 2 — o — TS A M NP R A %
PEWFFE 45 2 Won , 8 TR T 1 AF 5 K B R R
9.6% " KIM 5 5 fixi o9 AR 15 45 5 1 X ) RE 3%
$52 . CPSP kb33 [a] IR SE T A T XU M1 . S1 Al i
B J5 22 [6) 0 AR 5K I £ 3% 4% , 20 Hz v TMS T FiZ
W2 J , HP IR el R 18 85.7 % o {H % &5 NP g
PR 2 AR 22 57 10 2R NP AH 56 J2 o i 25 [l
HIAA TP E MBS . I AMIETAR T (dorsolater-
al prefrontal cortex, DLPFC) 24t M1 J5 o5 — 5 L #e
S, YE S5 I e [ 8% B 4t B 2 3R A
DLPFC #3510 Hz *TMSIAYT I , HOE 0w B 4 v O F
PERBE DLPFC F1E - Jz 2 18] N120 % 08 [5] 45 4k 48 5
X A DLPFC 9 57 5 (8] D e 42 | [l 4208is R A
Wil RGHRME T A JEYE . X440 FE M1 M DLPFC
K 10 Hz *TMS 110 SCI 3, & 30 HAE F {1 ki [X
N O AT B IR IR % PR A AR AN A R 4 55 T
AT H7 2058 B — M DX A, A TMS A9 22 M DX I A5
T R T OSSR AT R - e
E] T 8 1 A0 Ak 5 B i %A M G . CHIANG 457
WG, FE A NP Y 22 J P 220 18 35 B o 2%
P F8 b Jt ) g Bz S5t P 410 o A A | B2 I PN 0 a3 i
5 M35 B8 AH SN X (A 45 U0 E2 i L 220 S1
FAIN ML) T e 2238 T PRk B e A8 Y JE i
RIAG . HAh, A NP DNP Il RWTIE A PR,
iz i e FEL BRI R BT P 0 A s g N B
A, TMS IR 97 J5 1T R ff 5 I e — e R R R
B A e . (B H AT O& NP JG R B % e AR 1k
A I8 B — R, X AT RS AR RE 2R R Ak B
B NP SR R A . R, AR IR 75 2k —
AT B A M TP AR e D AL
Al REAE R TMS BUR 8 AR M A -

2.2 TMS iESHEC T I IX ] D e 1%

M1 AE Sk 2 figt NP S5 FH B4 S 385080 s, L
Mo RS EWEIR TR MafeEEaE X, A
IR TSR T M1 JZ 0945 5 5 e 2% ik 34 1%
M1 55 5 2200 F L8 2 PAG, Al UGS IR T 47
P 2810 M1 6 )20 28 0 ) 3= B4 5 2385
i IR B AZ 4 Sl 2 5, T4 AR 5 | & i 47 T
1% 28 FNAH N X474, KADONO 25 5 He
rTMS 115 CPSP R K S5 A M1 X, X LR
AR SR ) 2 0 () S8 D) e i 5 1A A0 4%

A A% R D e R . E K X AT B 5 o T-
MS FIPR A5 A A% G AR 0, B Rk b AT
S A B T I I PR B AR RPN A G . Rk AT
H TMS RS TR 1] J2 7 Ay B A9 i 45 4 , £ I 328 1 TR
ERIXTIRE. HAT, MOk 0T R TIRR T
FFMH RS S P )2 R X3 2 (] 25 44 Fin o
BRI EUAE . fl4n, PHN B &40 2 2 5 PAG [a]
R REE R B 552 . s SR ot R, Kk
B 2R AT 9 0 FR G0 0 3K 3h ) e R R R
ORIV R A i el A R B e NP i 2t Je
PAGANO %5 HE A H T M1 [ v TMS ] GE £ 38 1o
SN PAG T B Jo0— 0~ 45 S5 3 6% | 9001 oG A 5
AT WS RS, LA AR AR L H B R = n] SE 5L
il 5T E A

3 TMSFTENMEFLHERE

28 N T E T el A VNS I < s B R L EZ 0
YER“TaI 117, 32 B 02T 4 (AS Fl C 21 4 ) FMLEF 4k
AB Z A& TS AT RS2, JE T e (5 S itE ek . |
HIF, ZNEF4E (AS FI1 C 27 4 ) o B 2 B0 B 9 D\ R 2
NP PIVEAE R 2R, B0 2 B0 5 Bz i SR As Pk
BV FE ML 22— 7E CPSP/NRRARAY |, BF 58 A
B R B0 H: C £ 2 S vk e kot R 4 I S PR AR, 3 PT
55 CPSP FE AL J R BRI 38T 230 1 1 A R
S RNEA S R B LT Y SR B TR %) ks
RAER (3 0 30 35 the 2 5 B8O 7= A, i IR IR A A
i R G IE R B/E . JONASZEPOf g Kk L, A4 2
Sk e NIEAEHESZ 4 He 1F 5% i U ¥ 21 26
W B R C 272 AL FR T 5l = 7 X 8 P 8 ) A
I PR, A 2 0 B Ay DA T B A M A N
Jil, 30k NRS P s R 38 . JA8 3k BB 5
TR AR 8 A0 BRI, TG 7k X AS [ A1k TR B NP
BG4 0 — R L nl 8 7R NP
B & i AL T B LT A A5

AN, LENOIR 287 WF 5% 27, #0 ) [ i iz 2 TR
HB A cTBS AT FE A it 52 UL AS £F 2k X FA 9 1) Jak
L AHAR R i FL 8 S OE B AV e IVEE il e 4 L X
PEIRG ¢ TBS I AE LR B JR B i it I, e Pk
N S H R A . LIPS ¢ TBS (Hi 34
50 Hz ik w40 5% . 6] b5 200 ms . 558 400 k) 51& 55
10 Hz rTMS \iTBS Fu#5, 45 3 /s 1 F T B 75 45 52
B ZE M M9 B SE K ¢ TBS BT B i 2 v XA
DLPFC FIRI 40 - J7 22 24 a0, BE I AR 25 2 < it
32 SE 2 = TMS AR AR, 3k 4R A A e T-

627
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BS B E— 5 B EE T T LUKS o M 8 5 (G AR 22 2
2 %98 5 R, AR AR A B . B K
P TBS A B Rk NP G H AN R i 2808 B 0
BIERITEZ—.

4  TMS 2082235 fF 7k F

PN YR BT e 25 i ( endogenous opioid, EOP) Fi1
Z L% (dopamine , DA ) 3= 5L 471 57 45 4 I AH OC 1 1T
T4, IFXF NP EAT NP AR A Ak, IR
BT 32 1A DA 7KV 30 445 52 e ol e At ) 45 A A TR
F NP B 5 Bk . FE NP R 0 B B h mT LA
Kl 21 EOP Hl DA BE{5 1% 37 T e ZE I 5 oK
AP S R SE I i BB 7N Y S & SN LS e
5 T3 3 2 R S 1 A B (DS R 55— P g
PR BE PN A — A0 o DX 5 8 ) 490 ) K B
B DA RS

A BT e IR A R A2 1 T 42 52 W)l 2 4 40 7
AN A 25 25 ), W] R R ) A5 1 MIT 10 Hz ' TMS
A B U0, 3X B 7R HF - TMS 7T 306 & 75 w B 52
PRI PR PERT B R 482, LAMUSUO 45 i 5 % gk
JE 32 AR #4552 47 il S1/M1 K2 JZ 19 10 Hz +TMS 34 57
4 h,KHIE %%Zi%ﬂtﬂfﬁgﬁﬁ(positron emission com-
puterized tomography , PET) & ¥t 72 i &% 55 3 A1 DLP-
FC b I-B F SZ2 AR B 456 U , TRt 5k
U AR R FE RS0 1AL AN SR A S, BRI E R
B, TMS 233 b TG AN [ S B B v 24K, 75 3 85y
R A IR BT R Wy R . H TR B 32 A
B 25 B 3 A 25 5, ASTA) 2= BR A [] Y5 A X7 P Ak B
AR e R I AR AR BT, e Ah, TMS BE AT E 4z
P i 22 LR , SR AE 2 AR Hidad iy 2 18
W {555 % S22 MK D2 324K (dopamine receptor
D2, DRD2) 4 5t 4 4 Jfa 3 39 28 A0 2 19 93 5 (cy-
clin—dependent kinase 5,CDKS5) F1 2 fiil J5 % & 25 11 -
95 (postsynaptic density protein—95, PSD-95) £ [ /K
- i A Ml T IR, T R R R AR . —
A A B A2 1252 10 Hz ¢ TMSTAYT 114 min J
HIBIFFE , B 5 N 03 T 2 30 ) 00 H2 IR s S 1 0 15T 4
SR, XA — PP AR AR AP AR A & R g
DA % Py 7 X H I ARGE o PET W B H 2 1
it D2/D3 Z IR FEDTH 5 DA ZARZE S AL o X T
WFoE4E7R S ' TMS 7] BB FE — E FE B bl A R o
BURK 2 CUe RGO B ICHE 5 R DA RS B
FEARTI SR B SR . TMS RN & #4755 DA S
EARXE . HONG S5 & 3L, 22/l DLPFC (¥ 10 Hz
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rTMS B0 23 37 3 2 EL M5 55 T A s A5 A8 S 520
OJALA %451 ifi FiJ 10 Hz *TMS T 5 CPSP & # M1 fil
WA J 2 (S2) 1 38 AR 56 & B, DRD2 156277
FE R A 5 MR A0 B AR OC , B DRD2 T/T A
HERLF 2o & T 5 C/C R RE T 25 5 % TMS il %
FEAE RN o PR, HE A i 22 TR T S A
R RE 22X TMS VA7 r= A T 2 ARb X7 — e FR
R A T) N B BE B AR R R T O SRR L B IS
WA

5- 2 {0 ¢ (5—hydroxytryptamine , 5—HT) 1 4 i
TP AT IR R G v o A PR R 2R I
HIREIR VA 2 IRIEHY 43 A 2% B W 5% i AL J%
TR A RE . — AR X R 2 e i 4 i iz )2 i
TN HF—TMS F 5% , PET {7 Ho 0 8 w4y
[l Jiz )22 Hh I T 2 A s B A AT FHPERRAIG, Tl 42248 v 4
B4 5-HT 7K 47, MURGAS 255/ 5% & B0, 76
PE B0 AR AE £ & 7E 2 3 fE T DLPFC X XU ¥ B
TBSIGIT i , A7 AR F A DU IR AR 8 234,
XA BE S H % S-HT 1A AR 18 5 40 A5 AR AR
Ko PRI, TMS AT figad it B0 5-HT & 8 52K A
B WA TR AR G T PR R U AR . 2
e A PN B 3 K ST ASAY A £ TR ) NP (1) A
" K R, D e BILIAR G0 G b B X 3 2 TMS it
A B SE Z—.

5 TMSIETLHMERE

TE YR A5 30 4% 22 THI 1Y) it 28 B 938 98 RE 1 R
PR R A5OSR N BARE R ), s 1 LT A e A
LSS Y (G 46 AT A 5T 4t B D B AR IR AR ) .
TMS A28 G 2 ALV A BRI A, 30 e el 2D 12 56
A F1 404 2 - 1B (interleukin—1B, IL-1B) . 141
Jii £ % -6 (interleukin—6, IL—6 ) Fl i 98 IR € H T — o
(tumor necrosis factor—o, TNF-a) ], #8 Jinpt & K+
IL-10 Pl 28 FR P 70 W 40 P 28 e o 240 e
TS AR AL P A A 4T NP AT AR T

TE AL B 1 2508 4 36 P 452493 (chronic constric-
tion injury, CCI) i K BB |-, HU %7 & 3 10 Hz
rTMS 3 i mGluR5-NMDAR2B 4 4 5 5 3 B , 75 [
10 Bz 5 AR i 78 43 & R 52 1K 5 (metabotropic gluta-
mate receptor 5, mGluR5) NMDAR2B . TNF-o . IL-1B
FITL~6 55 JAE A1 5K F- 75 T W A T 1 Hz #TMS,
ARG T CCLAE ALK LR ot o B A 46 B2 47 Ty
TOLEDO %" WE2 5] 5 Hz rTMS 1T 6 3 ik BEL ST g 2
BE I TL— 13 X 5 fi 1< B 2 18 58 1) 40 35, 42 o K BV



PN EESE - 28 TR R T T R 2 BRI VR T L R BT 5

IORTL~10 7K, Bt S o PR R P 5 1 R Y
KA BT o X R R 7 Fi40 48 K119
7 15 TMS 0 B R R R U)o A, A RS R
B, iTBS + B (9 SCT KRR J5¢ A 15 e 240 H 25 1
52K (CD206) 5 F /KPR, 1iif CD68 Al C-C #afk A
F3ZAK 7(C-C chemokine receptor type 7,CCR7) 2 [
FKFBEARS X487, iTBS Jl i b M2 % w4
i e 2 T A VA Y R AR AR A K o — D T
RAEFNL, B HE S 5 B R TR, 3% B BT
TS 3 55— 7T, M2 AU 5 I 4 e M1 2 e 4 i
AR IR 5.8 A N IR PERT R B, T RS
BRI o BRI N #il 22 G B2 5, 20 Hz v TMS 3 7] 411
il A A 2275 h— % {b & G i (neuronal nitric oxide
synthase, nNOS) it} F ik , i % NO if Ji 75 T 19 y— 2
BT HRAE XMl BeAh,iTBS i AT 5 T SCI K R
A0 K 2 1 —43 (growth—associated protein—43, GAP-
A3)TERBERN RN rh Fak s hn >, Kok TMS A B 4E
HE2WNAE IR TR, —ERE & naNOS
B ) HE K N= YRR -D— R A SR 2 AR5 BRI AL
B S 5 E MG NPAEIR o

WFFE A B, A 28 5t 40 Xk NP HAT XU ] 45
YEHT, TR HORE o IV i 2278 F5 DR 1 (AR R SR AE A
L Fr, e A 22 DR AP D T B AR AR 5 (H Rk Y
JISE Jo 240 L ) A 5 o 22 RAE L 25 0 o e A, 4FE Bl NP
RS, —IRGEIEM B & T HF—1T-
MS iTBS | ¢ TBS 155 15 1L 5 £ S it 22 158 okt 24 i
SEPLR R 2GR AP (R, FErh HE—rTMS AN AT LRI
PRI 2P 0T N /0N I B R B T 5 I 40 i s 1z 4 R A
AR S 5 s ik AT AR —E R B S 2 SR I o 4
B mE AR SEBEEN A . GAVA-JUNIOR 2550 F 5%
7, HF—rTMS 38 i 3 42 2 R J15¢ Jo 400 el 22 b Jie
LI 225 SR 1, P #2200 e~fos HITERK1/2
HHFRIL, WS 2 ERIMB =i 220, KT
AP TIRE . I Fh R 28 DR AP RN A BE AR T
O R, AT HF-TMS HoA 4wl & 2 1
KIM 857 7E SCTA B Ly L P11 _E W€ 3 25 Hz ' TMS
T8 Sl S, H /N e S5 40 e A R R R S5 AT i Ay S
PERR W B F 45 45 5 15142 47 F 1 (ionized calcium—
binding adapter molecule 1,Ibal) i Jiz £F 4 iR 4 £
[ (glial fibrillary acidic protein, GFAP) & ik BH I [
%, & 7 HE-TMS X 1o J52 % 14 5 foe 40 i A 47 il £
MESKMEMA TR AL, TMS i& fE il
P 22 55 A5 530 6 [ AnA% 5% 5% 1§~ NF-«B (nuclear
transcription factor—kB, NF-kB) . FEREE [ 2 Toll #£5Z

1 1(Toll like receptor 1, TLR1 ) 1 BRRARCARE 58 7Y s It 4
L2 i PR 2K 3071 T J5 4 i ] 1) 96 8- A, 2K
2 GE N o PRI, TE P28 AROE Bl Ak JE v,
TE A TR I 1) FH S I 248 i 1 XSCER 9 T ) e = T 4T
KA TMS B R Z N R Z —

6 NEERE

TMS BEGE 8 1k I8 15 5 ik ] SV i 22 W 2% 1) g
T A AP L ERURE P28 BT K P A
98 e 4 O RR R A0 o R4S TMS 78 BRI 4l 2
Z R IR RS PR A RE R EZ b, O R
fi P SBVERIFSE AN S TR < H H S50 R BR T 58 fih J5 i
P 2235 TR HIOR = TMS T 15 400 4 7 2 1
A G fl kB T A5 A B BB R BIF ST o EROAR B T %
PEARE AT A — TR EE b 5z B i PN A 28 ] SR {H
TR 2 53 5 R R T B0 B 2wy PR ATIME LAAE Sy 12
Wi PPAL NP B AT SESR AR . @ & AP G 2F 2 U
WFIE R — 2L AL 51 XAE AP 22 21 e U TT 2
AR IR ATI AR B A B, L R % IS i R IR S
(RS UNISE PO EEEZL g i A I ER i EZ5 <)
PEWEIE 55 SR BIR < A7 O NP #f42 B 28 WO I 5% 3 B4R
HAE SRR b X DL i R A% A, TMS T T S
14 O A A 8 A AR o AR IR R R . K2
TMS E i ¥ 05 B8 A ML X, o T JH Al 5 7 o M
X (4 DLPFC ik & 055 ) A R RIS A 7843

T2 RETFIEZ Pl KA R
P A e, T 452 3 2 e AR PR NP AR S i DX 3
75 AT TS T84 i 245 D 245 1 P ZE ML, A e 2 v
I RCR NG X5 T R 22 i X B TMS TR T SR A ] 5
SRR HETT RO K i TMS 7E NP AH &I PRAF 5 H 19
N, SEBETMS XiF NP B34S FARYT o 27 1 NP &
A R RS AY - OB S BEUE VI G, 2R
AEAL  ZYEFE N ER5 S TT IR SR AR K e L8R
A TMS 5232 NP I IRIR YT >R B8 2 AT et
228 Ok
(U] SR, P, AR THE . b 28 B R DA 5 48 Bl b [l 5
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Mechanism of Transcranial Magnetic Stimulation Therapy for Neuropathic Pain
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ABSTRACT Neuropathic pain (NP) is a persistent and refractory chronic pain condition resulting from damage or disease of the
somatosensory nervous system. Its complex pathogenesis, coupled with low clinical remission rate, significantly impairs the physical
and mental well-being of the affected individuals. As a mature non-invasive neuromodulation technique, transcranial magnetic stimu-
lation (TMS) can generate transient magnetic pulses penetrating through the skull, induce changes in cortical neuronal potentials,
and affect the function and structure of the nervous system, which can not only alleviate NP-related symptoms, but also improve NP-
related emotional disorders. However, there is no consensus on the neurobiological mechanism of TMS-induced analgesia. This
study reviews the neurobiological mechanisms of TMS in alleviating NP from the aspects of regulation of synaptic plasticity, func-
tional reorganization of neural network (inducing cortical-cortical functional connectivity and subcortical brain region functional
connectivity), sensitivity of afferent nerve fibers, neurotransmitter levels and neuroimmunity based on the mechanism of TMS, in or-
der to provide a basis for the treatment of NP by TMS. However, there are still some shortcomings, such as insufficient in-depth
study of synaptic plasticity, the lack of further refinement in the research of the sensitivity of afferent nerve fibers, and the limitation
of neuroimmune research. It is necessary to carry out multi-center and large sample studies, explore the mechanism of TMS regula-
ting neural network by using new techniques such as cranial electroencephalogram, and promote the application of paired-pulse
TMS in clinical research related to NP, so as to provide more reliable evidence for the treatment of NP with TMS.

KEY WORDS neuropathic pain; transcranial magnetic stimulation; synaptic plasticity; neural network; neurobiological mecha-
nism

DOI:10.3724/SP.J.1329.2024.06014

(E#EH 610 W)

Item Response Theory Model for Functional Assessment of Spinal Muscular Atrophy
Based on the Hammersmith Functional Motor Scale Expanded
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ABSTRACT Objective To establish an item response theory (IRT) model for functional assessment of spinal muscular atrophy
based on the Hammersmith functional motor scale expanded (HFMSE). Methods A total of 23 patients with SMA treated with cor-
rective treatment in the Department of Geriatric Neurology and Pediatrics of the First Affiliated Hospital of Nanjing Medical Univer-
sity from February 2021 to June 2023 were included. Stack design was used to construct item response models (IRMs) for repeated
measurement data. The likelihood ratio was used to calculate the parameters of the discrimination degree, guessing degree, difficulty
and patient ability level (0) of the HFMSE items for the optimal model. Differential test functioning (DTF) was used to analyze
whether the scale was biased by rehabilitation treatment or gender. Monte Carlo simulation was used to prove that the difficulty dis-
tribution of the model items was not affected by the sampling process, a person-item plot was drawn according to the median expect-
ed difficulty, and the differences of the difficulty of each item in the HFMSE scale and the patient ability levels between the first as-
sessment and the follow-up assessment were also discussed. Results A total of 32 items were included in this study to construct
four alternative models, of which the 3 parameter logistic model (3PLM) had the best goodness of fit (P>0.05, M, statistic=479.75).
The caution degree of all items was 1 in 3PLM, and the discrimination degree, guessing degree and difficulty of the items were cal-
culated. The model had no significant evaluation bias on the factors of gender and rehabilitation treatment. The results showed high
reliability (Cronbach's a=0.955, LCRC=0.981) and validity [0 value was positively correlated with the original total score (r=0.99, P<
0.001)] of 3PLM, allowing conversion of the 6 value of the patient's ability to total score of the scale by binomial transformation. A
person-item plot showing the distribution of item parameters and individual parameters on the patient ability level (0) scale was used
to observe the relationship between 0 values and item difficulties. Conclusion IRT model based on HFMSE can provide sugges-
tions on functional assessment and decision-making in rehabilitation treatment for patients with SMA in different scenarios, but at-
tention should be paid to its item guessing degree.

KEY WORDS  spinal muscular atrophy; Hammersmith functional motor scale expanded; item response theory; functional analysis
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