2024 4E 5 34 % 45 5 http : //kfxb.publish.founderss.cn/

Rehabilitation Medicine

PIBRY )R a5 e B T A i 530

BREAME #EFHLE BLE B KLE MY
1 R R BB R 2= B 20N B g (RN T Sz BE e ) L TEo5 95 JH 215008 ;

2 B 5 ER R A — B I PR B FRE A2 B2 rpuls VIR M 5T 210029

3 PR — W E BE B, W RS AT FH 421001

#SAEVEH . £ ¥, E-mail : wanglong60621@163.com

Wk H41:2024-02-23; 3%% H 1. 2024-06-02
HEWH  EEHRPEREETE (82172541)
DOI:10.3724/SP.J.1329.2024.05012

FERRISE (R TEARSS ) RIRAS (OSID) : '

WE BB (SCHA G MBI KXEFREFFHAM LR ELRER, HEmI LT EHRAL.
EHB G EAYZARIERF, DRI A P ARAY 2 AR B R SR, ESCIP R AR E F £ F Rk
B, FHZSCIERT TAREZmeRE, Rk, 89 SCLE DR ity it T4, 3+ F A 289 SCI
TR ek A E B E L, EHF R, B W I E 7RI DR a0 R T A8 BOIR A5 VAR 3 SCI Ak Wk B89 BT R
B S, KX AT SCLE DR it it = TAL R 328 7 A DI R m et Br it e, § £ A 4h 3

78 J7 BE SCL I AE 1R AL B A 208978 97 Rk

KB AR DI an R AV & KR M TRIE T Ay Z R AR

HHE 173 (spinal cord injury, SCI) 4 i G475 | Jif
JoRAE B w1 A T 450 S S B —
P ) AR B2 RGN PR T 1B Bl R
FE FE ML aeRfg" . —TasE & B, 2Bk SCl
R B Rk 2 060 J7 22 AT, AR 29 90 T TR
B2 KR 2021 AE A TR AT 5T 2 B, P B 45 7
SCI B 2494 760 000 44 , 454745 357 14 95 191 2
66 000 f4]"*' . SCI#44 B #H K HR Ak TE R AE
BOOHMAF R JFAt SN LT AR TE
KBkl

JIN S S5 40 b B R A Hh R i 28 2R G Y e v A
Ji, 76 R A 2R G R P R D AE T . SCLA
A S5 7N TS A4 A T AR T SR TR EL R I
A, H R K AR, S A AR K, B IS A /N R
42 5 SCLG Ak 3T A2 /NI R4 i 2
55 SCIJm W B A 02 HA i 2 AR fb R o, B9 &
PR/ ST A A 2 SCI s shASAR Ak fe K A 4l g 28 78
PRI, B /N J S5 40 L 2 5 SCT s Bl A2 1) s 2548
b4 BhF R SCLIIAY T A H R MR A 8% . H Al
SCLJe % UL B9 ¥y BIG 7 A7 128 shill ke 07 v hi

RIBIPIESE . E LA UFTIEN Y LG T RE 8 1 i
PEFE /NS 5T AN R 035 SCLR W R 22 DI RE L 9K 11T, 4)
HHETT XF SCLJi /0N ot 2 i Fr) B A 42 HIL i e 7 2
HE— 2RI . AR SO SCL /N J5 4 it 17 Bsf 25 4% Ak
APy B Ty el ek 3 47 /0 5 40 it £ o o 2 T g
KIS BRI A T 4708

1 /MNERE R SCI I E R

NSRRI R GRS R
JINJE J5 A0 LA Ry S BE AR 2 43 A T R X A
LY, 2 TR AR 2 2R G A0 B0 10% , 2 4
LRGN E LB . FEEFREST, MR
21 Ak - SECDR S A JER RN W Iy 3 A 45 1 AR £k
TXFOIR S TR /0N 5 41 B A 2 R O 5 3 A5
i 2 55 il Em AR TEBRFE T ML on I EH
7N JBE J5T A4 L% T SC A VR FH B DA Sk 2 BT 9, /s
J S I AE SCI & A= I, 3l 3t 40 W RE IR - b
KHF e H 1, R EREINRES 5 SCLR BI%
FRFNA: B FES L R Ah, /N 5 4 A A5 T K 2 4 4
M 2R, 5ot BT TN IR 1 B A

SI AR RRIC AL, 05 R, 55 AT IR EE SRR N BT A R T e R (). e 27412, 2024, 34(5) : 523-528.
ZHAICY,WU Q,CAIL] L,et al. Review on regulation of microglia after spinal cord injury through physical therapy [J]. Rehabil Med,2024,34(5) : 523-528.

DOI:10.3724/SP.J.1329.2024.05012
O(FEE 24 ) i , FFIGRIL CC BY-NC-ND 4.0 Fpi%

© Rehabilitation Medicine, OA under the CC BY-NC-ND 4.0

523



FEE 2 2024 4F 34 % 5 S

AU Bz 4 i AH B4R 42 o sh 24 L £ 07 T B 45 4
}immo
2 SClIE/MERMEMmTZEN
2.1 AR

A HDIRZS TR /N IS S AN A AL T R BIRES
/NI 5 240 L ) 20 LT A A v R 0 S, Al R A A
AN GG SR o SCG /)N e Jo 200 0 % 385 7% 2 W
R, FEGGEE ML A 4R K, 2R
B D B RR R TR LR /N SR A A T
B -5 HL AN T A O, B Je S BT oK B AR 9 /N i
JO 40 S 8 0 T (5 R R e b 3 3 R A
FIVE B 40 LA B B8 6, DA I ke o3 Tl A 5%
ER: 1o B TR 140 /N 2 o 4 4 30 ek 4 s 48 0 TR
FIE AR DR 5% ot 20 4t ™ A s A D, DA T 2
BEAR & PRI . BR T AE AN A O A9 AR LR, /N
JE 5T A L AE SCIJ AN [R5 A B 467 oA 225 1) 22 S Pk
BIA3 A5 o /NI T 40 L AE SCI S S 46 B 43 A, B8 221
/NS J5T 240 B 7 T R A A g O I 7 L O HLBE R
SCI Ji s J5 968 IR A AS BT A1 B R 208, 8 384T i 18 /)N
JI2 J5 441 i BE % [ 2L T e J5 40 e A Ao 28 Je Jo 4 i 2
(glial antigen 2, NG2) 4 i —E 7E 5k J&] BRI i 80%
B FIE IR o BE Ak , 5 AL 6 I 200 it e HE 53 7 s A8
HC Z AN AL, /N S5 248 AL SF- B 22 b A7 T A
A H S — TR T & B, AR T AR R e I
IR HH S g /0N 5 200 A X A e s D O L
AT e SR OO BRI IR BRI /IR
J5T 248 WA 45005 J 725 ) 3 A 9 22 5 PR T g 5 400 00
Vi) RIS JB YL P TR A O, 4 407 T 2 B e Iy
PR IR A 5E 2T A, 453405 TP O B8 7N B S5 41 AR X5 T
A4 ] L ) 5 o/ R B SCI2 P I I e e
IR 1A A, TG 0 YIS 25 T Il 0 38 o I 9 1 97 2 20 i
1R L2 Ml B A L[] Bkt ] DLk 5 A7 7E T IR
JOT e IR SR 198 /0N I 440 Y 2 - 0 5 P g 58 AR A1
il 2, R i BRI SCT A #h 22 T REMR &, iX A
LTl 5 JE JE X F SCIL Y AT ¥ . BELLVER-
LANDETE %5 % B8 /JN J5¢ J50 240 Jfd A1 2 (8 o i oft 28
ST R T 8 1) H B A R 43 o SCLE , ik 2 /NS T
4 i 2 BUR ORI IE BRI REIR , DT 5 i fo 32 15
T, AR AV 20 400 6 ) 305 401 5 32 sh D BB &2
I, FR A /N T 240 i 43 A 7 B S ], B 7E SCL B
1 AR A A T BE SR AN R A9, A T 3 2 A 5% /N i
Y AE SCLJE 1945 18] A28 Ak I 5 8 1] 805 AH R X
/NS S5 AR BT B, AT 3 2o 3 1 2 T A
7 ) A2 A 18 1 /0N S5 A0 I, AT T SCI ) 9 B

524

S, ek SCI SR 2
2.2 WfAsfE

IS TR 22 6 2 SC ()98 BRPE AR ) BRR i 1Y)
Ak, I HoZ SCIH 3h A AR fb i R A A i 20 . SCI
Jei o /0N T 40 L 8 0 S 2 TG B A ik, KRR
T B4 /0N G2 o A4 5 n a4 493 0 ) R 28 R, FF HL/N
2 S5 200 140 K0 AR SCI i K st [ Ay 08 Ak o A X6 5 e
K, B R4S 1 N TS8R 2 B S v T O i
IR, X e B SCIJ 1 BB 1 28 9 0E 2 R K iif
6], 7T sh Py oE Fh & PR, /0N 0 o 41 50 AE /N
FUSCIJG 23 3 2 /NI AE, — /IR o 40 M i 7
W e AW BT 5 7 R A A IR B i o — A IR
FE SCI 14 d J5 23 H B0/ e BT 40 i i P VR B0 A /NG
T gl ot BeAh, 5/ E T A A A 1 AR Ak
AEABL, SCL G B /I8 J J5 491 e 7 J J5 240 fi w1 A % 4
AL TER G EEE 7 AN 14 K H B2 YA X0
IR . X AT REFHH , 76 SCLJE R fig 2 HBH 2 IR AR AE
TR RS G o X R 8 3 AE SCTF A+ T/ i
JO AN B B4 3 AR 25 T L G b 4 e 2405 ) 4k Ok
PEMNZ RAE FIER P IR AP A e 2L . [RIB, /NS I
i B IR AR fR S b T HAE S 5 SCHR B 2 rh &
TEA [R5} 8] BEARFHAS [R] (0 T 8 , PR I 2 At /)N Jg S5t 4
IAE SCI R B st [i) A% £ 23 B 4y b 5 FR R 45 /N e B 20
i SCIPR A Y37 Bsf T 7 o
2.3 A

SCIF B /N A Y D i 5 HR A . /I
JI2 S5 440 it e DA R ELAT 2 A [ 400 Bl e 50, B0 M1 LA
M2 A M /N 5 20 i SRR 9% 76 /N e 5 40 i
AL L 2 VAT 5& o M2 BRI /IN I i 441 i
INKRPLR BN A, T2 5HLBE R
PNy A< DL I ERR (S = (10 iR =0 AN D1 DR
IR, AT S0 bR /S 5 200 B 4 oA M1 RS R M2 78
BTN R IEA SR SE AR R A, PR R A [R] 40 it 36
YRR DG LA BR 0 25 78 S 2 I v sy B R R A L X
A REAR 2 5 /NI J5 20 it 3 A7 e i PR AR Ak, 17T X
Tl 3¢ 78 114 % 2 MR AR Ak R BB H 453405 19 2 1] s (]
PR 28 LA R g 407 7 T R B sl A5 e

BRENNAN 25073 /N SCLE H B0 11 R AR [R]
FER /N A M, I HL T LAE 3 2 5 1 A
BRI AR M e AR L G RO | A
FUEeS 5 SCIM B . JFHAESCIEH 7R
FIER 28 K5 1 23K 1Y /NS o 40 i R T AFAE 25 5%
TESCLGE 58 7 KA, 53458 AENG IS A WA g o T
AH 5 2 A (1) /)N T8 5 40 i S 35 34, T 7E SC1 R 58



FURIUAE Yy T P BB 5 /B A BT 5 3

28 KB, AN A W W e g oin T Aot ERACig
A O & TR 1) /0N JBE T A4 e e BBOAR, o X AR B T /N S
Y TE SCLJE BT REAE Ak, 78 SCI T B S 4l 4L 527
51 A K A B A ST, 7N 200 it 5 B R e 1 g LA T
X (A BB, PR i R 32 0 L 2L RBE T
FI AN, 7E2E A SCIHE M R i & 3 Wik Thase
/NG J5 240 i, % i 1) A3 DT A A DG ) R LA A
BLAI 76 SCI 5 7 S g i Ak B 38 428 R0 JE A4 75 0 A
FE B /0N 8 T 240 Ji 6 PR 45 7 SCLR 58 7 K RIS 28 KAH
B IER TSN R EA B LT, X RN B
Jita ] R 2> 3m 2 B B A A WA T RREE S 5 B SCL Y
g B AR R S — TR 9T R R B 0N I 40
Y F R AR b 53 7 ) i s [RIAE G, #6405 f5 4 h N, /D
JIE 5 240 e T LT #40 h e Bk B Ak R, AT AR 8 7 5
LRI RE R . EB 1 dJe 2 R FHL/N
2 S5 4 20 8 o e, O FLFE AR — Bt ] Y i
RAFFU/INEE AN AR SRR 3k . X U8B /NI B
A X A5 PR S R S, 2 T S AR R AL A1
PEAN L2 5 SCLIG M RR 28 G e I, FF FL/IN I 5t 4
i 190 R 52 A7 AE A T BB S R 43 F ) B 48 AR
[ I, 9% & BRAE SCI 35 d i B /N 0 o 240 i = 8 vy
Fik 5 AD M OC Y 3 A 4 BE , 40 APOE , Sppl F1
Apocl , 3X A] fE 2 I 4k % 11 SCI 3 i A 1 43 475 1 10
FEFE S BoRT B 5T & BR80T AE /DN BRI /0 e S5 44
BA — o my 4 o 7 A VR DS 98 78 AR /N B
SCIJii , 2 1 7 A8 AH 2 35 IR G /0N Jie I 40 it =% 70 7
SCUGHE 7 RA TR B . Heah, i 98 & BRI R ik
CD68 H =1 3235 P2ry 12 FE K 1% /N e ot 41 e 5 SCLJE
B P 28 P AR A ST B AE SCR /NS 5 240 JfL 1)
CD68 ft e ik 18 N 51 HL P2ry 12 Y 26 I B , 25 W 4
193 i 70N S5 A4 A 0 A 1 BE 0 32 20

PRI, /708 JB2 o 400 it 6k 1 SCIK & 18 i & 2 05
T, T TR B 2ok it i e B Gl R R
TR IT 7 R /N S5 40 i B 22 Wb ) A5 R SCHR &R
DL Ko kb A 1) 36 UG AR 0/ B 8 T AT A5 M i
SCI T RE , (H 23X 75 ZEFRATTHE 1 Mt /DN I Jo 4 i 7
SCI Ay ik 25 AR AL WA, 4k 22 R AR R B 67 T
JIN B T 40 B ek SCT A ML, S48 T Al IR YT
N
3 YERTIRENNRAERNHRERE
3.1 isahilg

iz s Gt SCHR B 3 A7 o B sl 2 s &
SCAET-AR N S T ReE R A B RO 4 LA
NF R B I 25 L 40U B2 U1 25 Lo ol 14 12 sl Il 225

ERARC L WHIEA AT DL e SCT 3 Ay T REK
AZ00), HAILH T i a1 A e B IR A, £ 0t
BhoS FAE R A RE R S A KR TR
DL R 0 458405 5 4 e 0 T 45 R 4R 0 SCI R 1Y B E
AVX/E[ZI]D

1B BB AE K — P SCI S0 58 P35 VA T 7 1,
1z B 2 RE % 52 0 /)N S T A0 it () Th e A4k, A2 2k /N
U2 S5 441 1) M2 % AR A - 300 ) 22 AR 2 4 it PR -
B2k, I IL-1B . IL-6 . IL-18 . TNF-o %5 , iz 5l ll 5
W BEAE I NPT R A A T 1L-4 . IL~10 . TGF-B )3
IR R, A SR LA D SCLS 30 i /1N i
O 240 e P 0, AT ) R RE A i A b 5 5T K
TR SR R O o A, — T Sl 52 5
M, iz BN A i AKT/mTOR 3848 1458 /N I 5 41 o
I, DT A o 2 BRI . 9 — T 98 &
B, A Bl T0E R 6 JE AT LA B 5 iR ) BRI
A wEVE A, N E /N R DD RE IR &R 2 . d28)
YINZRBR T 0T LS M /)N J5e 5 40 it [ B R 3 A0 5 A
Ab AT DUGE HE /)N B J5 240 it 5 H b A 28 200 i =2 ] 11
FRPIE, 0 T S5 A0 R A 22 0T, DA iR b 8 ] 9
PE= DRI, 32 Sl 2R /8 B 5 41 A 0 8 4 02 4
Y[R, 32 shill Zhit ] 5 |y =UAR P 5 B
8RR (H RS T SCI i WA i 9T BE RS 1 R 7R AT 4
Bf () A5 B2 T A9 32 Il 2R RE 0% B8 4 i35 SCTER S
BEIMAITIRE . B, /N AN B AR SCLIE sh &
AR A S5 R ) A0 LR | 228 /0N B T 440 i 1) s 23 AR Ak
DL ok 4E S5 AL Az sl 254k 77 1 i s34 T LA
B G- e 3 SCLER & 112 sl 4 D) RE
3.2 oYk

T e R T SCI R E IRy s, |
OB UE B AE SCLE 3 i HoA e s e 2R K s
HATRE ) (R AE AR E v D) RE K 2 LA I 2% fif
PR RO e YR R SCLHR A R AR % T
12, WL 7 AL S T B R R L R UL PR R
25 7 F ) A R L 2R R R SR . R
IS B, A S A/ e of) 354 8 4080 30 o R AR i 42T
() T B i 35 238 SCLS B 2B AT DI RED , 3X T S8 A F)
T H I A A SCLATUS R N FH o — T sh ¥t 5% &
PR, A1 ) AR A SCLR RUB B 5 I A &5
/NG T 240 R L S A0 A ) 9 2 SR T A A
F ) S 5 B A% A Ao A Y /)N B 5 4 R S B T R
AT 5 Wil SCI A By BV &2 1% A 15 21 4 5 B4 .
I, SR AT BE T B — A5 AR5 SR R 5 i A A1 v 3]
PO A R BB AL 52 /IS S5 40 B 503 SCI I RE IR 2 o
BEAN , HAHM 452 % 81 i A 28 B ik Hh fofr 28 ) 35 od

525



FEE 2 2024 4F 34 % 5 S

80 355 A 1) /0N T J5T 200 0 5 O B s e 2
[l F, CHEN 4550 30 H B 1 3 2o 521 CMPK2 114
FE IR AN NLRP3 (83005 1835 /)5 I8¢ 5 240 Jifd 1) 4% Ak
FIYSAE SCUR I RAE N o 73— IS4 5296 vt
B, AT AR /N e o 240 A M1 A M2 e B i SCT
PR, B ETHINET AR SCI O s rh T 2
i T D6 A 22 T I B e T H IO /N S B
L ) BIF I T 22 S A T ARAE AR B T/ i
JoT 240} 2 RE AAIL AR S i — 2B i BF SR . RN T
3 Aok R A /N o A 1 A DR A A 1 SCT Ry BIL
Al AR EE G TT 0]
3.3 YL

e RN ]y — R AR AR TR E &9
Z T SCIRY RS , 32 B 240 45 1 52 28 il h AL
(repetitive transcranial magnetic stimulation, rTMS) |
Theta J & 7\ 28 fii 187 3] 1% (Theta burst stimulation,
TBS) F1 58 XF ¢ K 1 4] 384 (paired associative stimula-
tion, PAS) o il % O 9 uF WA AT 32 2 SCITR &2, &
FIE 8% 20 2 Y oy Ve A1 2 ol 228 40 L 2 RNV 5
Az T SIS ZE AR A I 2 R AE , ATIAS [ R
s SCLE BB 3l 0 28 (H I RE R fG >

i R R BN O BB 05 A B i o 22 R e g
B RAE SN o WFFE A, ' TMS RE % 38 1 9 /D>
7INJBE T 4 i 43 i 40 A K -6 (interleukin—6, IL-
6) . F1 4/ % - 1B (interleukin—1B , IL-1@ ) i1 /I J¢
IR L A T — o (tumor necrosis factor—a, TNF—o) 28 4
i PR 19 43 06 SFe i i e 1R BR P R A il
FHATBS #] L4 i 410 ] TLR4/NFxB/NLRP3 {5 58
AR A R 10D B0 T 240 i 1) M2 BROAR AR
T A SCI b i 1 HI AR 5 B 22 10 46 P 7 1 T-
MS, I HAEIG R A S o8 th il © 2 UE W] T 28 fi il
BRI SCLIDIRE . +TMS X T SCIIiA
I T 22 b2 3 a5 e R RN AT B AR A Y 3%
A TR ] 422 52 W 453 495 Ak 17%) it 2 13- A 0 28 1) B K
52 . BOATO %1% B, HF—TMS g #5 3803% 22 & 1R/
I R AR U B-RAF B RN o3+ 22 )
T G AR O R 1/2, R F /N BRL SCLS B2 I 4 i
W M A MW &k o oy —IaF 98 & 9L, 8 Ji 1Y
25 Hz vTMS fEAZ I /D SCI R B2 30% 4 /)N I o 4
B, JF Hsig SCI AP o {HUZ TMS X T SCI
TG AR VR T2 A R Y, B 32 BR T SCL A [ 7 iy BR
il , R ER T R R SR R B SCLHL o KT
AR Y, S 1 LISl W S5 58 e B B
YEHIAE SCI Ak RE % A 28 3% SCLA B T REIK & -

526

CHALFOUH %557 % 314 FH 10 Hz rTMS fE#S{E #F SCI
JE 2 TTAT G B T FE B D) BEVK E . LEYDE-
KER 258 98 & B0, 42 4 JE 1Y 15 Hz i rTSMS IR YT
FIE 008 3 2o 12 v TSR FH AN Ak 2 Ay P o 2 8 o
BRATRER I D- KA R R KA 2 SCT KRR
R o X LIRS 5% R 3807 v 7 SCTAY
N FSRAE T — A B n AR . B N E SR &
J& | 225 B W Rl T LAAE kg — i 00 3 0 1
A S5 BE ORI BT BB S 78 $8 1a) Ml 45 351405
Ab B /NS AR L D 6 SRk SCT T REIR & 3 il #eh
2 JRE RN S A543 5 T R 0 A e %) 1o T T 5
34 @BEPYIL

AR U AE 1958 4 1 A FRAE 08 I 1 40 IR 8 5 &
HL AL, I B R 75 38 BB A8 U T R 2 T RE IS B, & R F)
MERLC LR NEE R ME T, Bird
22 0 BRAVR 8 B TR AR 75 mT DA o 30 A B A 4 )
% B in b 28 5T K—CL Pp ] % 32 1R KCC2 1) ik >k
i SCI T IR ZE . BRIk 2 Ah , #E 7 J thm] DL
I R A /NS S5 200 1 T R IR A B Bl 48 RNE
LI A 5 BRUER 7 AT LR T /0N 8 S5 40 B A4 Bt R Wk 1k
RITBRIMPE Zs TP /N B, CHANG 2592 % 30 Ry F ARG
55t J3E Jok foRE 7R R 8 A AL T 22 S T 0 /NS T
Y ;= TNF-a  IL-18 , IL-6, # il i 22 #1755 10
Toll FESZ iR —4 363k . CHEN 2519 % IR 5% BF Jok e
TR 7 A1 ] BT % 0 R /N B R TNF - TL—18
1L-6 19 2 17K F, IF B3 g 2 8l 75 5 19 TLR4/
NF-kB 4 5E15 5 B 1 CREB/BDNF 13 15 i 11
A 28 R E ML SR . JFH, CHU S8 & B
YTMS 45 4 #8736 97 AT LA 1 /0N e S5 40 B 7 0 3 A9
FERR B I AD /R B E 2 X s Z R
PR F-367 1R 4 A 0T DL S G b o 458 /0N J T 440 e 1Y)
Ihfie , IR e 4 2R Ge e PR &

DL B 4 SRR A IR YT R I —Fh e
fEHE Y B BEA YT T BAE SCI A5 /1N B 5 248
DigeJr i HoA B RS il i TRAWEIEE A
BIAILI AN, BEAE T & H B8 RS A TR YT R
W,k SCI AR 7 R HAF IR B L2 .

4 B =2

SCI 435 BEAIL 1 52 B 3 B s 23 R AE |, AN TR
MU 2 (B A B DG EE AR H 52 . MR RGHE
SCI Y ik 2 b & 7 5 ZEAE ), R 01 2 /0N J Jo 441 A
FE VR e RN T T RO AR /NI R
il J& SC1JR sh 2528 fh e KA AE TR A T it /N
AR R 4 B 2 AR A AT B T E 1 24 IR YT IR, ok



BT WG R RS

NI [ 2R AT 5 2

AL MR IR T 7 3 i SRS HE BRSO

R Hf 153455 A [ e B il 2 AN [R) 0 P BRI 7 O 6
SRS INTHE RNy

NUSE

Jo 240 i ) e R A R SR Y REAE

RS Bl A 25 (2 BE SCTRY RS . KT, HRTSC T8
PG e 38 i 9 /)N 24 SR k2 ik SCTR A Y

B 1 AN 58 G 2 3 T BEAE AR LR SR

RARRY)

£/ A3 SCTA LB 2 11
037 5N
5% it

(1]

[2]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

MCDONALD J W, SADOWSKY C. Spinal-cord injury [J]. Lan-
cet,2002,359(9304) : 417-425.

COLLABORATORS G S C I. Global, regional, and national bur-
den of spinal cord injury, 1990-2019: a systematic analysis for
the global burden of disease study 2019 [J]. Lancet Neurol,
2023,22(11):1026-1047.

JIANG B,SUN D L, SUN H X, et al. Prevalence, incidence, and
external causes of traumatic spinal cord injury in China: a na-
tionally representative cross—sectional survey [J]. Front Neurol,
2021,12:784647.

HU X, XU W, REN Y L, et al. Spinal cord injury: molecular
mechanisms and therapeutic interventions [J]. Signal Transduct
Target Ther,2023,8(1) :245.

GINHOUX F, GRETER M, LEBOEUF M, et al. Fate mapping
analysis reveals that adult microglia derive from primitive macro-
phages [J]. Science,2010,330(6005) : 841-845.

LI C,WU Z R,ZHOU L Q, et al. Temporal and spatial cellular
and molecular pathological alterations with single—cell resolution
in the adult spinal cord after injury [J]. Signal Transduct Target
Ther,2022,7(1):65.

VIDAL-ITRIAGO A,RADFORD R A W,ARAMIDEH J A, et al.
Microglia morphophysiological diversity and its implications for
the CNS [J]. Front Immunol ,2022,13:997786.

XU L T,WANG J Y,DING Y M, et al. Current knowledge of
microglia in traumatic spinal cord injury [J]. Front Neurol, 2021,
12:796704.

BROCKIE S, HONG J, FEHLINGS M G. The role of microglia in
modulating neuroinflammation after spinal cord injury [J]. Int J
Mol Sci,2021,22(18) :9706.

LING E A, WONG W C. The origin and nature of ramified and
amoeboid microglia: a historical review and current concepts [J].
Glia, 1993,7(1):9-18.

WANG X, CAO K, SUN X, et al. Macrophages in spinal cord
injury : phenotypic and functional change from exposure to myelin
debris [J]. Glia,2015,63(4):635-651.

BRADBURY E J, BURNSIDE E R. Moving beyond the glial scar
for spinal cord repair [J]. Nat Commun,2019,10(1):3879.
ZHANG Y, YANG S H, LIU C, et al. Deciphering glial scar after
spinal cord injury [J . Burns Trauma,2021,9:tkab035.
BELLVER-LANDETE V,BRETHEAU F,MAILHOT B, et al. Mi-
croglia are an essential component of the neuroprotective scar that
forms after spinal cord injury [J]. Nat Commun,2019,10(1):518.
KIGERL K A,GENSEL J C,ANKENY D P, et al. Identification of

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

two distinct macrophage subsets with divergent effects causing
either neurotoxicity or regeneration in the injured mouse spinal
cord [J]. J Neurosci, 2009,29(43) : 13435-13444.

RANSOHOFF R M. A polarizing question:do M1 and M2 microg-
lia exist? [ J]. Nat Neurosci,2016,19(8):987-991.

BRENNAN F H, LI Y, WANG C K, et al. Microglia coordinate
cellular interactions during spinal cord repair in mice [J]. Nat
Commun,2022,13(1) :4096.

LI Y, HE X L, KAWAGUCHI R, et al. Microglia—organized
scar—free spinal cord repair in neonatal mice [J]. Nature, 2020,
587(7835):613-618.

SCHAFER D P, LEHRMAN E K, KAUTZMAN A G, et al. Mi-
croglia sculpt postnatal neural circuits in an activity and comple-
ment—dependent manner [J]. Neuron,2012,74(4) :691-705.
FIY A0 I8 S R S R S m L A [ AT
BURLT ). A e 2k, 2017,32(12) 1 1322-1325.
WANG T, LI X Z. Current situation of domestic research on the
influence mechanism of exercise on functional recovery of spinal
cord injury [J]. Chin J Rehabil Med,2017,32(12) :1322-1325.
T R f;%ﬂ”b S BN 05 I REIK
BU R BFFE e L) ], o B AZ PR 2 7% 8, 2020, 35(12) : 1537
1541.

PANL,TAN BT,YU L H, et al. Research progress on the mecha-
nism of exercise training affecting functional recovery after
spinal cord injury [J]. Chin J Rehabil Med,2020,35(12):1537-
1541.

WALSH C M, GULL K, DOOLEY D. Motor rehabilitation as a
therapeutic tool for spinal cord injury: new perspectives in immu-
nomodulation [ J]. Cytokine Growth Factor Rev,2023,69:80-89.
BAI J,GENG B, WANG X W, et al. Exercise facilitates the M1-
to—M2 polarization of microglia by enhancing autophagy via the
BDNF/AKT/mTOR pathway in neuropathic pain [J]. Pain Physi-
cian,2022,25(7) :E1137-E1151.

KINOSHITA K,HAMANAKA G,OHTOMO R, et al. Mature adult
mice with exercise—preconditioning show better recovery after
intracerebral hemorrhage [J]. Stroke,2021,52(5) : 1861-1865.
LI C Q,WANG Y, XING Y, et al. Regulation of microglia phago-
cytosis and potential involvement of exercise [J]. Front Cell Neu-
rosci,2022,16:953534.

SRIEAE , [R5, 2D, S L R O R R T RIS ik
J&LT]). e fi524ik,2019,35(11) : 1044-1050.

ZHANG Y J, WANG G Q, AN Z C, et al. Research progress of
electrical stimulation therapy for spinal cord injury [J]. Chin J
Orthop Trauma,2019,35(11) :1044-1050.

KATHE C, SKINNIDER M A, HUTSON T H, et al. The neurons
that restore walking after paralysis [J]. Nature,2022,611(7936) :
540-547.

WANG S,ZHANG L C,FU H T, et al. Epidural electrical stimula-
tion effectively restores locomotion function in rats with complete
spinal cord injury [J]. Neural Regen Res,2021,16(3):573-579.
HAHM S C,YOON Y W, KIM J. High—frequency transcutaneous
electrical nerve stimulation alleviates spasticity after spinal contu-
sion by inhibiting activated microglia in rats [J]. Neurorehabil

Neural Repair,2015,29(4) :370-381.

527



FEE 2 2024 4F 34 % 5 S

[30] CHEN Y,WU L,SHI M T, et al. Electroacupuncture inhibits NL- injury : mechanisms and pathways underlying the effect [J]. Neu-
RP3 activation by regulating CMPK2 after spinal cord injury [J]. rotherapeutics, 2020, 17(4) : 2069-2088.

Front Immunol ,2022,13:788556. [38] LEYDEKER M,DELVA S,TSERLYUK I, et al. The effects of 15

[31] ZHAO J G, WANG L K, LI Y H. Electroacupuncture alleviates Hz trans—spinal magnetic stimulation on locomotor control in mice
the inflammatory response via effects on M1 and M2 macrophages with chronic contusive spinal cord injury [J]. Electromagn Biol
after spinal cord injury [Jl. Acupunct Med,2017,35(3) :224-230. Med,2013,32(2):155-164.

(32] w7, ok 7B . G R A5 B R YA T b I g [39] RABUT C,YOO S,HURT R C,et al. Ultrasound technologies for
JEL)]. A E B2 22, 2020,37(12) : 1566-1572. imaging and modulating neural activity [J]. Neuron,2020,108(1):
FENG S N,ZHANG L X. Application progress of magnetic stimu- 93-110.
lation in spinal cord rehabilitation [J]. Chin J Med Phys, 2020, [40] LIAO Y H,CHEN M X, CHEN S C, et al. Low—intensity focused
37(12):1566-1572. ultrasound alleviates spasticity and increases expression of the

[33] LUO J,FENG Y,LI M Y, et al. Repetitive transcranial magnetic neuronal K—Cl cotransporter in the L,~Lg sections of rats follow-
stimulation improves neurological function and promotes the anti— ing spinal cord injury [J]. Front Cell Neurosci,2022,16:882127.
inflammatory polarization of microglia in ischemic rats [J]. Front [41] LIY J,TENG X C,YANG C R, et al. Ultrasound controlled anti—
Cell Neurosci, 2022, 16:878345. inflammatory polarization of platelet decorated microglia for tar-

[34] LUO L,LIUM X,FAN Y H,et al. Intermittent Theta—burst stimu- geted ischemic stroke therapy [J]. Angew Chem Int Ed, 2021,
lation improves motor function by inhibiting neuronal pyroptosis 60(10) :5083-5090.
and regulating microglial polarization via TLR4/NFkB/NLRP3 sig- [42] CHANG J W, WU M T,SONG W S, et al. Ultrasound stimulation
naling pathway in cerebral ischemic mice [J]. J Neuroinflamma- suppresses LPS—induced proinflammatory responses by regulating
tion,2022,19(1):141. NF-kB and CREB activation in microglial cells [J]. Cereb Cor-

[35] BOATO F,GUAN X F,ZHU Y J, et al. Activation of MAP2K sig- tex, 2020,30(8) :4597-4606.
naling by genetic engineering or HF=rTMS promotes corticospinal [43] CHEN T T, LAN T H, YANG F Y. Low—intensity pulsed ultra-
axon sprouting and functional regeneration [J]. Sci Transl Med, sound attenuates LPS—induced neuroinflammation and memory
2023,15(677) : eabq6885. impairment by modulation of TLR4/NF-«B signaling and CREB/

[36] KIMJY,CHOI GS,CHO Y W, et al. Attenuation of spinal cord BDNF expression [J]. Cereb Cortex,2019,29(4) : 1430-1438.
injury—induced astroglial and microglial activation by repetitive [44] CHU F X, TAN R X, WANG X, et al. Transcranial magneto—
transcranial magnetic stimulation in rats [J]. J Korean Med Sci, acoustic stimulation attenuates synaptic plasticity impairment
2013,28(2):295-299. through the activation of Piezol in Alzheimer’s disease mouse

[37] CHALFOUH C,GUILLOU C,HARDOUIN J, et al. The regenera- model [J]. Research,2023,6:130.

tive effect of trans—spinal magnetic stimulation after spinal cord

Review on Regulation of Microglia after Spinal Cord Injury through Physical Therapy

ZHAI Chenyuan'?, WU Qi’, CAI Jili*, WANG Yu*>, WANG Zun?, FANG Lu?>, WANG Tong”

" The Affiliated Suzhou Hospital of Nanjing Medical University (Suzhou Municipal Hospital), Suzhou, Jiangsu 215008, China;
* The First Affiliated Hospital of Nanjing Medical University, Nanjing, Jiangsu 210029, China;

? The First Affiliated Hospital, University of South China, Hengyang, Hunan 421001, China;

*Correspondence: WANG Tong, E-mail: wangtong60621@163.com.

ABSTRACT Spinal cord injury (SCI) is a devastating central nervous system condition caused by factors such as trauma, tumors,
or inflammation that lead to the destruction of the integrity and continuity of the spinal cord, resulting in severe sensory, motor, and
autonomic dysfunction. Microglia, as inherent immune cells in the central nervous system, play an extremely important role in neu-
roimmune responses after SCI and are the most significantly changing cell population in terms of space and time after SCI. There-
fore, clarifying the spatiotemporal changes of microglia after spinal cord injury has great significance for finding effective interven-
tion strategies for spinal cord injury rehabilitation. In recent years, studies on regulating the function and state of microglia through
physiotherapy to promote functional recovery after SCI have been gradually increasing. This paper reviews the spatial and temporal
changes of microglia after SCI and the research progress of physiotherapy in regulating microglia, aiming to provide a more effec-
tive therapeutic strategy for physiotherapy to improve the function of SCI.
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