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[ Abstract] Objective To compare the effects of repetitive transcranial magnetic stimulation (TMS) at three
different relatively high frequencies on neuropathic pain so as to find the best frequency. Methods One hundred
Sprague-Dawley rats were randomly divided into a sham operation group, a model group, a TMS group and a control
stimulation group. The TMS group was further divided into a SHz group, a 10Hz group, and a 20Hz group. The rats in
the model, control stimulation and TMS groups received constriction injury of the sciatic nerve, while the rats in the
sham group were given a sham version of the operation. On the third day after the operation the rats in the TMS group
and the control stimulation group began to receive TMS treatment. Neuropatic pain was evaluated on the day before the
operation, and on the 3rd, 5th, 7th, 10th and 12th days after the operation. The evaluations included the paw with-
drawal thermal latency ( PWTL) and the paw withdrawal mechanical threshold (PWMT). Results The average
PWTLs and PWMTs in all of the TMS groups increased with the TMS treatment. Those of the 10Hz and 20Hz groups
were significantly higher than the SHz group’s average, while there were no significant differences between the 10Hz
group and 20Hz group. Conclusions High-frequency TMS at different frequencies has different effects on neuro-
pathic pain, at least in rats. The treatment efficacy at 10 and 20Hz is superior to that at SHz.

[ Key words] Neuropathic pain; Pain; Transcranial magnetic stimulation; High frequency irradiation

DOI:10.3760/ cma.j.issn.0254-1424.2021.03.002

T 2255 LR A 2 48 PR K R B 2R B 451 405 B H AT T4 20 BV B IR T I 2 AR £, A3 B
AHESEAEE E— AR R RN AR BDRERAARES  H2yWia i AR, A
6.9% ~10.0% , LA KR i Frgem A IR RIZL &R 3 R ™ 510 W VE 24 ) i e A5 () R g %
3 B R SRR = ) 200 o710 1= R 10 2| o o 2 R



AR PR A S R 2k 2021 4F 3 H A5 43 549 3 Chin J Phys Med Rehabil, March 2021, Vol. 43, No.3 - 201 -

UTAER BRI 22 1 IE 25 097 125 4 7 4 42 3
PEPRRIRYT AR HOR S RS, Hoh e
P BRI A /N TE A | BIAE A S R 32 3
TRVl A i 2 T B R A i B B
FH i34 (electrical motor cortex stimulation, EMCS) | H
52 22 F 0 R 4% ( repetitive transcranial magnetic stimula-
tion, rTMS) FIZE M ELIE HL JI#4 ( transcranial direct cur-
rent stimulation, tDCS) 4%, EMCS 2% H T Ik R
B B HAE T M1 XA A 85003 il 22
o PR AT | TR X — S 24 W 3 o7 O A 1% ot [ A 9%
g {H EMCS JB T ANAYT , 7 4 AT A 1S i R
# o rTMS J& % F g EMCS ffiit T2 ' EMCS
FARMERE K R R S B S T
eI PR H B A2 B

HAT TMS E 832 T RIA YT, 45 #f 200
HEPR IR AARSE . 5 EMCS MIEE v TMS BA .
A TR AR IR BRAE TR B AR L3, i M TS A
FHT XN M1 XA 7 0 2890 BRSO T ks —
BOEFET AR ECE R T R U
i 'TMS AT I S AR AR AR S 120 240 R ) A 6
() *TMS VR Y7 88CR AT REAFAE 22 5%, A A S8 B AR T
22 5 200 HATAHDCAIF ST 50 ' TMS TR YT M 205
PR M R AEIR PR M o

AT Y 6 WAL pl 28 18 1 R 0 i A A T
(chronic constriction injury of sciatic nerve, CCI) K
PERBFFER Rtk H AT IR R e FH B 3 i v TMS
IR B S Hz 10 Hz A1 20 Hz %tk U 172
SRR, O S A ' TMS 36 T 4 28 95 B S 0
) B AT

PR S

— SEE B N oy

T I B RS AF IEPE SD ( Sprague-Dawley ) K L 100
40 3 R 30 o S5 3k S B A BR A W] [ SCXK
(1#1)2016-0002] , A5 (210+30) g, I TRl
ARG = 2 BE B [ 5% B2 e 52 58 3 9 vl SPF 2%
PEE, iR (2342)C B 12 h~12 h, BFNER
W 50% ~60% , AL T JE A W RIK . R B AL
FRPEH 60 H SD KA TARA(10 H) FAIL
(10 H) . rTMS 4 (30 H) fBAEd (10 H), Hh
TMSZH430 5 Hz 21 (10 ) (10 Hz 41 (10 ) .20 Hz
(10 H) .

Stk — 25 H S 10 Hz A1 20 Hz HIRITRICR , 28K
ML A, K 40 HSD K RUBE ML 4> R B F R 4l
(10 H) BRI (10 H) TMS 41(20 H), Hi TS
ZH530 10 Hz ZH(10 ) 20 Hz 41(10 H)

= AR A

A2 B R ZH A0 Y TMS A K R S R
1988 4F Bennett %52 41 H i) CCI 4 50 J5 vk 4 8 f 22
R FRPEPIRAAY ] 4-0 B I ZE (1L 2R 7)) 45404k
MET B 4 DNHFEZ 1 mm S5, S5 AR
(ERuR DG NN AR 6 B R (o o N
(LR R E ML AL &+, AR E RIS
WL 1 2,

B2 CClARJGRRUEMIT B S ML 0t 5 o 2 ), A2 )G
A E R

= K512 8 [/ {f (resting motor threshold , RMT)
i 5E

T 5 AR B (B9 00 J M1 X, A
SE SRR, BIVRE FH d5c /)N R S8oim 32 7% 5 7 00 ik o ML
77 A B MR 432 315 & FBL AL ( motorevoked  potential ,
MEP) (IO L, B CCY-TV BURERIEAX (2 BUK
TN, 87 IR I F R B 2 30%
R SR, DARG R 2 IR 1) Sk R A S



- 202 - A R 22 5 B A 2 2021 4F 3 A4S 43 %55 3] Chin J Phys Med Rehabil, March 2021, Vol. 43, No.3

NIRRT L R F] TMS B s S i, LS
S R R 2

BEMLIZEEL 10 HARAEAE M SD KR, B
il K BSUORF ROz B 22 B0 K BRI E b, e F AR F
e, 057 AR R T 2 O HE B LLAE , Hb 26 32 T U
UL, 5% B IR T AR R Y R Oy, G i 4k
Bl v B T R R s, £R B S Sk B AR YT, 5 O R i
A5 R TR . DU/ I B (R
L, NI A MEP ) Ry 9 46 800 B2, M\ 8 % f5c K i
S BEE T4 IR R R IR B N 2% BRI AR
PEAT 10 WA, R R B AR/ F 7 s 10 WO rh
/S PG MEP =15 WV 5/ il i g
BI-AiZ K B A9 RMT, i+ 90% RMT fH, 10 H KB
909% RMT 1143 ¥ B oA A= 52 565 33 7 T FH o) 5o 32

PY *TMS VA7

TR G 3 RIFLG, A 5 d 5t 10 d
(i) 'TMS JR97 . IR 77 B ) 3 2k Bl 5 K RSk J AR T,
FR M SR T 5 4500 2Rl bl A0 M1 X
T AR B s TSR A 90% RMT (24 M % AL 2% 1Y
16%MOI) , A4 525640 20, rTMS 45 30 B0 543 1)
5 Hz .10 Hz F120 Hz, 80 A~k i A —H3 | ik op 2 (]
RIE30 s, 1 YWIRYTALEE 20 A Fkip R 35 1800 4Nk of
TRYT IR R BT &, PR AR A R k1 7
AEAR] 100, (BRI B 2R 17 0 B, 26 18 45 1 A 4%
fiilt, RO %k 20 Hz , FHAx[A] rTMS 41

. IEIRAT N F VRS

ST ARRAMAG3d.5d.7d.10d,12 d7' 3544
R FAATEIRAT N F V5, VRO, 2R N AR5 2F
e VE L IRE R (23+2)C, BRI 1E FA
9:00 =R 4: 00 FEA7, PR e R (the
paw withdrawal thermal latency, PWTL) FIHL IR 85 46
J& B {H ( the paw withdrawal mechanical threshold,
PWMT) 435I FH AL S B A (TITC, SE &) Fe 7
Von Frey MY (1ITC, S ) Ml . 4 H KB A 0

3,3 R A R B B AR K R BT M2
PEEER R ITA T R F ANt 1 4485203
T RN S50 5152 A,

N GEEEITIE

K H SPSS 23.0 WRGE 2= 4k F 17 84k ab 3 B
ABIEIR A (2+s) B TR, KRBT I 2# 508
KM 225007 5 4 18] F R BRI &R O 24%
B, IR EE 3R H B/ .35 22 5735 51 Dunnett T3 K255,
P<0.05 FRZEFAGITFE L,

# X

— ANFEFFE ' TMS 3397 5 d XKL PWTL #5200

AT, B HKFIAIT S d 19 PWTL {E He 8, 27T
Gt X (P>0.05) . (97 SIKGBIARNE 7 d, S5 F
RA, HAKHA KR PWIL ¥ KK (P<
0.05) SEBIH ARG 7 d Hﬁﬁ,5 Hz #2H .10 Hz 4 .
20 HzZH KB PWTL B Y% 5 (P<0.05) , 5 5 Hz
20 .10 Hz 20 .20 Hz A ARJ5 7 d L&, 1Bl i 4 iy
PWTL {HEAR (P<0.05), 55 Hz HARJ5 7 d HEL,
10 Hz41 .20 Hz41 ) PWTL {H48 5 (P<0.05) . 510 Hz
HARJGT dEbEE,20 Hz 4% PWTL (H B H2ER T
Gt R L (P>0.05), LK 1,

= RNFEER ' TMS IR YT S d X R B PWMT A9
AL

ARHT,AHKBIAIT S d B PWMT {H 4, 2270
Gt L (P>0.05) . IGY7 5 WG RIR)E 7 d, SR T
RA i, A% H KRB PWMT HH K (P<
0.05), SHIMAARNG 7 d HE,5 Hz 240,10 Hz 4,
20 Hz41 KBS PWMT (%85 (P<0.05) . 5 5 Hz
20,10 Hz #H .20 Hz AR5 7 d beAs, B 0 A iy
PWMT {HEAK (P<0.05), 55 Hz ARG 7 d lL#K,
10 Hz#H 20 Hz 41 PWMT A% (P<0.05) . 20 Hz
H510 H24H AR5 7 d PWMT {H 104, 2 F L8 =
X (P>0.05), FEWFE 2,

F1 HBHKREIEIT 5 dH PWTL {H (s,kx4s)

41 51 %k A AJF3d RIES5d ARG 7d
BFARH 10 10.56+0.10 10.50+0.04 10.52+0.03 10.61+0.02
TR 10 10.63+0.09 7.10£0.15 4.63+0.32 3.94+0.12°
5 Hz 41 10 10.58+0.05 7.02£0.22 7.48+0.38 7.95£0.12%
10 Hz 4 10 10.53+0.49 7.09+0.89 7.64£0.26 8.73+0.11%
20 Hz 4 10 10.51+0.04 7.12£0.08 8.37+0.17 8.90+0.13%°
BRI 2R 10 10.57£0.02 7.17£0.04 5.23+0.06 4.29+0.19%%

W SIERTAREAARE 7 d HLE,*P<0.05; SHEAEIHARIT 7 d lL#,"P<0.05;5 5 Hz AARJF 7 d H#R,°P<0.05;5 10 Hz ZH AR5 7 d [L4F, 1P<0.05;

520 Hz AAR)5 7 d H#,©P<0.05



A PR A 5 R I A

2021 4F 3 A% 43 %% 3] Chin J Phys Med Rehabil, March 2021, Vol. 43, No.3

- 203 -

£2 KA KREIAIT S5 d 0 PWMT {8 (g,x=s)

20531 145 NGl AJF3d RiE5d RIE7d
BFRL 10 55.93+0.43 56.57+0.29 56.40+0.33 56.78+0.20
FERIZ 10 55.4120.16 32.13+0.77 22.74+0.43 22.16+0.23°
5 Hz 41 10 55.60+0.21 32.52+0.44 31.78+0.59 35.31+0.38""
10 Hz 4 10 56.15£0.31 31.85+0.50 33.53+0.50 39.68+0.47"
20 Hz 41 10 55.80+0.28 32.54+0.18 35.56+1.40 39.99+0.21%¢
BRI 2R 10 56.22+1.58 32.25+0.35 22.20+0.47 22.20+0.247%

SR FARAARE 7 d HE,*P<0.05; SHEEIHAARIE 7 d lL#H,"P<0.05;5 5 Hz ARJ5 7 d H#,°P<0.05;5 10 Hz ZH AR5 7 d L4, 1P<0.05;

520 Hz AR JE 7 d HL#,°P<0.05

= AFEE TS 3697 10 d XK PWTL 52
|

ARAT, A HKEBIEIT 10 d B PWTL {88, 22 5
TGt #E L (P>0.05), GI7T 10 d, IR 12d, 5
BFEARAARE 12 d ek, B4 K B PWTL {H 81K
(P<0.05) , S ARG 12 d Fb#,10 Hz 4 .20 Hz
ZH PWTL {H%5 % (P<0.05) ., 20 Hz 415 10 Hz AR5
12 d PWTL { Hbi, 2R T4 T2 X (P>0.05) , ¥
W3,

DY ASTRIATR Y TMS 3677 10 d X5 KB PWMT A5
M)

ARG, A KREIGIT 10 d B9 PWMT {4 i, 2% 57
TGt L (P>0.05), {67 10 d, BPARE 12d, 5
BRFRAARNG 12 d Hig, BRI KR PWMT {H 1K
(P<0.05), SHERHARIG 12 d FL#, 10 Hz 41 .20 Hz
ZH PWMT {E %585 (P<0.05) ., 20 Hz 2405 10 Hz ARG
12 d PWMT {H b, 22 7 RS # 3 L (P>0.05) , ¥
Wk 4,

i

ABFSEARDT T F A vTMS i e rh VA 7 i 4

o B PE ACO I e AR IR KL I R IF 5% R s A
TS R A 35500 38 Al 28 5 B O, A T 96 9 ol
M1 XA st A BRUAG pf s BEE S5 R ° , AR IR 9
P& CCI BRI Ny Sz g AR R A R IR I . AR
U AEPEAT IR AT N R VRN B T PWTL AN
PWMT PHIIHE b , 5 11 R et 28 9 3Lk 2 0 B 1
DI PR——Fg D 3= BBORD S5 B R IR, 2 H
Bl b A R RS T o 2 g B TR R 9 A i FE R 7
T bR R UE H Bk R R, PWTL Al
PWMT B FE AR B AT — i P, EAR R I B
FMR S SR v RBAFAE 22 57, AN A R 1) Lg%
YN Z 0] SEMPEIRAT MF AR b M LASRIE . A & PEK
oA R P 2 I PR At 22 Bk 9 BB 1 L 3%
B AE HETHEAT A & MR AR S 1o B A
e, MG — e AR R I

AR RBRIEARE 1 d BVE B 84T k2
1k, Ml T ARG O R KRG 3, TR AT b2
PEPEE I ARSI TR 2 d IR 1R g 2 4, AR
J5 3 d TR AT AR TG IR AT 2= 43 A TMS 3697
TBIT IR R B IR] R 75 2 500 ' TMS BRI SR I8 4 7
i —2L I

R3 KHAKREIEIT 10 d 1) PWTL {H (s,%+s)

25 %5 AT KRG 3d RJG5d RJG7d ARJG 10 d ARG 12 d
BFARA 10 10.57+0.02 10.62+0.10 10.49+0.01 10.58+0.04 10.53+0.11 10.51+0.06
B2 10 10.53+0.07 7.18+0.23 4.98+0.06 4.00+0.04 4.43+0.37 4.43+0.64*
10 Hz 4 10 10.56+0.05 7.26+0.25 7.67+0.14 8.54+0.14 9.17£0.10 9.39£0.14
20 Hz 41 10 10.55+0.07 7.13£0.09 7.77£0.18 9.14+0.22 9.42+0.25 9.33+0.05

F: SHRTFEARAARIE 12 d L, *P<0.05; SEBIHARE 12 d 3L, P<0.05
F4 BHAKBIAIT 10 d B PWMT {H(g,x+s)

215 ik AT RJG3d RJG5d RJG 74d ARJ5 10 d ARJF12d
BFARA 10 56.50+0.00 56.100.14 56.30+0.28 55.90+0.14 56.15+0.21 55.95+0.07
R 2H 10 55.97+0.21 32.70+0.52 24.70+0.36 21.43+0.15 21.40+0.60 21.47+0.90*
10 Hz 41 10 55.83+0.50 33.40+1.14 36.93+2.32 41.13+0.46 41.93+0.58 43.67+0.47*
20 Hz 41 10 55.83+0.55 33.20+0.44 39.70+0.66 40.07+0.61 42.07+1.44 45.07+3.20*

T SERTFARAARS 12 d bHE,*P<0.05; SRAA RS 12 d [b#E,"P<0.05



. 204 -

AR A S A 4 2021 4F 3 A4 43 55 3 8] Chin J Phys Med Rehabil, March 2021, Vol. 43, No.3

ARSI 45 R W B A 'TMS T D il 38 i 285 11
PRI K B PWTL A1 PWMT, #3025 450 rTMS
REA R0 I PR foh 2 BEAE 0 BB 3 B DUEIR:, T
FH It R 2896 B 50 3R 9T, H. 10 Hz 20 Hz iR
SPRRATF RO 2, YT 5 He, 1697 B R A5 % &
10 Hz 8% 20 Hz,

JR4E 10 Hz 120 Hz B3R TT BCR A2, (HA B 5T

B IEAT K CTMS 387, SRR R A L, %5 v A
AR SR R T REMEE Y L RAE TS T BUBUE A&
A AR R B , (EATS 2 yTMS T8 Y7 I 52 61 1 B AR
Mz~ 8% 8,5 Hz 10 Hz 20 Hz 3 FhE FIIY
L YTMS VAT % 10 Hz ¢TMS 7] fiE 218y A &
9 BRI 0 B AR

TR ZE VB 38 2 22 1) A 47 Sk 2 5 R TG I f 22
S, U5 B el 2 B A A A Y BRI A e S A
YTMSH [, 175 ¢TMS JAYT I 4 75 25 T 38 400 o i g
T, A AR L Y 15 T, A S e 3 A ok
B TS5 2R P [l | LAk S SRV 330, ok i 7 A
SN, H R BB BB 5 3k B 4 M isf 1) fis o | ik b
AR AR R S, i BN A R, FERFSE
25 SEIRZH R R R A 1, LR K R
W AR O BR 5 2 A, R BRI , SIE BT o TMS % 4
HRL,

H AT *TMS FH T 20 B 5 1A )T I e EE O 36
WMICE S, 1 TMS IRTT SER BRI, iR 55 |k
B IR RS | X e SR T TER R 2 i S A
WS ARSI  TMS BRI IR A 17 L, LU
Y RAE A A RE— R R T 1, AR v TMS B4
FHMLI M AT 2 T ZE A T R Z R BT, AR R H
YERMLEI

ZE b, B0 'TMS IR T 1 20 PRI R 6 A 3L,
VEFH T 2595 BRSO I 10 Hz #1120 Hz ¢TMS AY4E
AT 255 HIE 5 Hz (E5 . % IETTREREIVE
S Z G IR R rTMS YA YT #2805 351 20 B
10 Hzfefk

2 % x #t

[1] Baron R, Binder A, Wasner G. Neuropathic pain; diagnosis, patho-
physiological mechanisms, and treatment[ J]. Lancet Neurol, 2010, 9
(8): 807-819. DOIL; 10.1016/51474-4422(10)70143-5.

[2] van Hecke O, Austin SK, Khan RA, et al. Neuropathic pain in the
general population; a systematic review of epidemiological studies[ J].
Pain, 2014, 155(4) : 654-662. DOI: 10.1016/j.pain.2013.11.013.

[3] Breivik H, Collett B, Ventafridda V, et al. Survey of chronic pain in
europe: prevalence, impact on daily life, and treatment [ J]. Eur J
Pain, 2006, 10(4) : 287-333. DOI; 10.1016/j.ejpain.2005.06.009.

[4] Scholz J, Finnerup NB, Attal N, et al. The IASP classification of
chronic pain for ICD-11; chronic neuropathic pain [ J]. Pain, 2019,

(5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

160( 1) : 53-59. DOI; 10.1097/j.pain.0000000000001365.

Attal N, Lanteri-Minet M, Laurent B, et al. The specific disease bur-
den of neuropathic pain; results of a French nationwide survey [ J].
Pain, 2011, 152(12) . 2836-2843. DOI; 10.1016/j.pain.2011.09.
014.

Alles SR, Smith PA. Etiology and pharmacology of neuropathic pain
[J]. Pharmacol Rev, 2018, 70(2): 315-347. DOI; 10.1124/pr.
117.014399.

Attal N, Cruccu G, Baron R, et al. EFNS guidelines on the pharma-
cological treatment of neuropathic pain: 2010 revision [ J]. Eur J
Neurol, 2010, 17 (9). 1113-1188. DOI. 10. 1111/j. 1468-1331.
2010.02999.x.

Moulin D, Boulanger A, Clark AJ, et al. Pharmacological manage-
ment of chronic neuropathic pain; revised consensus statement from
the Canadian pain society [ J]. Pain Res Manag, 2014, 19(6) ; 328-
335. DOI; 10.1155/2014/754693.

Coderre TJ. Topical drug therapeutics for neuropathic pain [ J]. Expert
Opin Pharmacother, 2018, 19 ( 11). 1211-1220. DOI; 10. 1080/
14656566.2018.1501026.

Walia KS, Khan EA, Ko DH, et al. Side effects of antiepileptics-a re-
view[ J]. Pain Pract, 2004,4(3):194-203. DOI: 10.1111/j.1533-
2500.2004.04304..x.

Gustavsson A, Bjorkman J, Ljungcrantz C, et al. Pharmacological
treatment patterns in neuropathic pain--lessons from Swedish adminis-
trative registries[ J]. Pain Med, 2013,14(7) :1072-1080. DOI. 10.
1111/pme.12095.

Moisset X, Lefaucheur JP. Non pharmacological treatment for neuro-
pathic pain; invasive and non-invasive cortical stimulation [ J]. Rev
Neurol ( Paris), 2019, 175(1-2): 51-58. DOI; 10.1016/j.neurol.
2018.09.014.

Cruccu G, Garcia-Larrea L., Hansson P, et al. Ean guidelines on cen-
tral neurostimulation therapy in chronic pain conditions [ J]. Eur J
Neurol, 2016, 23(10) : 1489-1499. DOI. 10.1111/ene.13103.
Klein MM, Treister R, Raij T, et al. Transcranial magnetic stimula-
tion of the brain: guidelines for pain treatment research [ J]. Pain,
2015, 156 (9 ). 1601-1614. DOI. 10. 1097/j.
0000000000000210.

pain.

Lefaucheur JP, Ménard-Lefaucheur I, Goujon C, et al. Predictive val-
ue of r'TMS in the identification of responders to epidural motor cortex
stimulation therapy for pain [ J]. J Pain, 2011, 12(10) ; 1102-1111.
DOI:; 10.1016/j.jpain.2011.05.004.

Pommier B, Quesada C, Fauchon C, et al. Added value of multiple
versus single sessions of repetitive transcranial magnetic stimulation in
predicting motor cortex stimulation efficacy for refractory neuropathic
pain [J]. J Neurosurg, 2019, 130:1750-1761. DOI. 10.3171/2017.
12.JNS171333. 1-12.

Fontaine D, Hamani C, Lozano A. Efficacy and safety of motor cortex
stimulation for chronic neuropathic pain: critical review of the litera-
ture [ J]. J Neurosurg, 2009, 110(2) . 251-256. DOI. 10.3171/
2008.6.17602.

Perez-Borrego YA, Campolo M, Soto-Ledn V, et al. Pain treatment u-
sing tDCS in a single patient: tele-medicine approach in non-invasive
brain simulation [ J]. Brain Stimul, 2014, 7(2) : 334-335. DOI: 10.
1016/j.brs.2013.11.008.

Antal A, Alekseichuk I, Bikson M, et al. Low intensity transcranial



PR PR A4 5 A 4 2021 4F 3 A 43 55 3 8] Chin J Phys Med Rehabil, March 2021, Vol. 43, No.3

- 205 -

[20]

[21]

[25]

[26]

electric stimulation: safety, ethical, legal regulatory and application
guidelines [ J]. Clin Neurophysiol, 2017, 128 (9). 1774-1809.
DOI: 10.1016/].clinph.2017.06.001.

Lefaucheur JP, Antal A, Ahdab R, et al. The use of repetitive tran-
scranial magnetic stimulation (¥TMS) and transcranial direct current
stimulation (tDCS) to relieve pain [ J]. Brain Stimul, 2008, 1(4) .
337-344. DOI. 10.1016/j.brs.2008.07.003.

Lefaucheur JP, Ayache SS, Sorel M, et al. Analgesic effects of repeti-
tive transcranial magnetic stimulation of the motor cortex in neuropath-
ic pain: influence of theta burst stimulation priming [ J]. Eur J Pain,
2012, 16(10) : 1403-1413. DOI.10.1002/j.1532-2149.2012.00150.
X.

Moisset X, Goudeau S, Poindessous-Jazat F, et al. Prolonged conti-
nuous theta-burst stimulation is more analgesic than ‘ classical’ high
frequency repetitive transcranial magnetic stimulation [ J]. Brain
Stimul, 2015, 8(1): 135-141. DOI. 10.1016/j.brs.2014.10.006.
VB, 253k, WINLOC, 55, A AR RIHOR T LR IR T].
fRBE2: 2835, 2018,7 (1) :4-9. DOI: 10.3969/j. issn. 2095-3097.
2018.01.002.

Rossi S, Hallett M, Rossini PM, et al. Safety, ethical considerations,
and application guidelines for the use of transcranial magnetic stimula-
tion in clinical practice and research [ J]. Clin Neurophysiol, 2009,
120(12) : 2008-2039. DOI: 10.1016/]j.clinph.2009.08.016.

Naro A, Milardi D, Russo M, et al. Non-invasive brain stimulation, a
tool to revert maladaptive plasticity in neuropathic pain [ J]. Front
Hum Neurosci, 2016, 7 (1) 376. DOI. 10. 3389/fnhum. 2016.
00376.

Saitoh Y, Hirayama A, Kishima H, et al. Reduction of intractable
deafferentation pain due to spinal cord or peripheral lesion by high-fre-
quency repetitive transcranial magnetic stimulation of the primary mo-
tor cortex [ J]. J Neurosurgery, 2007, 107(3) : 555-559. DOI. 10.
3171/JNS-07/09/0555.

Jin Y, Xing G, Li G, et al. High frequency repetitive transcranial
magnetic stimulation therapy for chronic neuropathic pain: a meta-a-
nalysis [ J]. Pain Physician, 2015, 18(6) : 1029-1046.

VIR, SRB. T 4 RE BAEAS PR VR YT T IR [T ]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

PEFRA, 2010,25(2) ;147-149. DOI; 10.3870/zgkf.2010.02.031.
Bennett GJ, Xie YK. A peripheral mononeuropathy in rat that pro-
duces disorders of pain sensation like those seen in man[J]. Pain,
1988,33( 1) :87-107. DOI; 10.1016/0304-3959( 88)90209-6.

Li SS, Tu WZ, Jia CQ, et al. KCC2-GABAA pathway correlates with
the analgesic effect of electro-acupuncture in CCI rats [ J]. Mol Med
Rep, 2018, 17(5) : 6961-6968. DOI: 10.3892/mmr.2018.8766.
Bennett GJ, Chung JM, Honore M, et al. Models of neuropathic pain
in the rat[ J]. Curr Protoc Neurosci, 2003,12(1): 9-14. DOI. 10.
1002/0471141755.ph0532s21.

André-Obadia N, Mertens P, Gueguen A, et al. Pain relief by rTMS:
differential effect of current flow but no specific action on pain sub-
types [ J]. Neurology, 2008, 71(11): 833-840. DOI. 10.1212/01.
wnl.0000325481.61471.10.

Yang L, Wang SH, Hu Y, et al. Effects of repetitive transcranial
magnetic stimulation on astrocytes proliferation and nNos expression in
neuropathic pain rats [ J]. Curr Med Sci, 2018, 38(3); 482-490.
DOI: 10.1007/511596-018-1904-3.

Jaggi AS, Jain V, Singh N. Animal models of neuropathic pain [J].
Fundam Clin Pharmacol, 2011, 25(1). 1-28. DOI. 10.1111/j.
1472-8206.2009.00801.x.

Mohari¢ M, Vidmar G, Burger H. Sensitivity and specificity of von
Frey's hairs for the diagnosis of peripheral neuropathy in patients with
type 2 diabetes mellitus [ J]. J Diabetes Complications, 2012, 26
(4): 319-322. DOI:10.1016/].jdiacomp.2012.04.008.
Tappe-Theodor A, Kuner R. Studying ongoing and spontaneous pain
in rodents-challenges and opportunities [ J]. Eur J Neurosci, 2014,
39(11): 1881-1890. DOI; 10.1111/ejn.12643.

Zhao BS, Song XR, Hu PY, et al. Hyperbaric oxygen treatment at va-
rious stages following chronic constriction injury produces different an-
tinociceptive effects via regulation of P2X4R expression and apoptosis
[J]. PLoS One, 2015, 10(3): 0120122. DOI. 10.1371/journal.
pone.0120122.

(&6 H 197 :2020-12-28)
(A% %)



