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Abstract

Objective: To comprehensively evaluate the effectiveness of noninvasive brain stimulations on
pain symptoms of patients with neuropathic pain. Methods: A literature retrieval was performed
on MEDLINE, Embase, PsycINFO, PEDro, and Cochrane library from the establishment of the data-
bases to March 2022. Two independent researchers screened the articles and extracted data ac-
cording to the inclusion and exclusion criteria, STATA software was used for meta-analysis. Re-
sults: A total of thirteen trials comprising 498 participants met the inclusion criteria. The pooled
analysis found a significant effect on the improvement of pain scores at post-treatment, favoring
NIBS over sham stimulation (SMD = -0.60; 95% CI: -1.00 to -0.20; p = 0.004). Subgroup analysis
showed that only transcranial direct current stimulation (tDCS) (SMD = -0.38; 95% CI: -0.71 to
-0.04; p = 0.030) and high-frequency repetitive transcranial magnetic stimulation (H-rTMS) (SMD
=-0.95; 95% CI: -1.85 to —0.04; p = 0.040) had positive effects on pain reduction among all types
of NIBS. The favorable effects of NIBS remained significant at follow-up visit (SMD = -0.51; 95% CI:
-0.79 to -0.23; p = 0.000), while only H-rTMS was found in subgroup analyses to significantly im-
prove pain scales of the patients (SMD = -0.54; 95% CI: -0.85 to -0.24; p = 0.000). Conclusions:
This meta-analysis revealed the analgesic effect of NIBS on patients with NP, which needed to be
further verified through conducting more high-quality RCTs with large sample.
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1. 518

i1 223 FL 4 P (neuropathic pain, NP)/& BT X BRAM R G 22 R e 7 i 51 R 47 A AE 1] .
Z PP RGN AT R NP, Fldn: HX FEES % (spinal cord injury, SCI). BRI HZ NI &
Jii\ 2 R MHEREALSE (multiple sclerosis, MS)&5 . #1255 H 4 2 7 35 8 AN B 10 R\ R 29 3%~18% [2], H
FRAEPE I R R IR o I . B R PRI AN Al 75 A 45 3] [4]. NP HIRREEAFAEAMN 20 3 1) 2 i
B VE A S [5], b R EURF IR MRS, Qi AR R AR R[]

YT NP FIE &R B, iy, Julm2s5E[7], A —F L Er NP R kA
29V 5 A RIS B A AR [8]. 1, KA RAYI TR FEERE. (TR, 2990 A B R M
RREIEIN[9]. FEIXFRIEILR, 4% 5 2 4 iR 1 i (repetitive transcranial magnetic stimulation, rTMS). £
i FEL V7% HA, 1) 384 (transcranial direct current stimulation, tDCS). i F i ¥ (cranial electrotherapy stimulation,
CES)7E N A2 N1 i i (noninvasive brain stimulation, NIBS) il skt 22 b w7 B b 22955 BV P
HIVRTT -

BLZ0ERZALERVAN T NIBS X E S5 B AT R, (AR E— B —mARKET
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2020 M RGLRAILIAN T 8 RIS LS, Hoh Ay 6 it 7Tl 0y NIBS W23 [k NP B (17
PE[10]. T Yu 58 AT meta 20T 45 R EIR, NIBS JEANRECE SCI 3 H LA #h 20 BEPE SR AEIR[11] o
A — B8 (R AT e BT P A SR Z R s R 57 o P, O 173t — 2D ERT NIBS Va7 filiae i B
PEPOIR A RE, AW FCi% I Cochrane RETIHAN 55, XEAFE G ANFRHERIREALIS TERTE T 3EAT Bt $R
Al meta 78T, DUHIDN NIBS £ERRZE 55 B AR (411 AR B T3 Bt AT SE M5 o

2. EREH&E
2.1, XEKRFERE

BT HE A ZE MEDLINE. Embase. PsycINFO. PEDro. Cochrane library Ze8E 28, R E MRS
(5] A ESHE PR N 31 2022 4 3 H o BB R SIS A T

1# noninvasive brain stimulation OR NIBS

2# repetitive transcranial magnetic stimulation OR rTMS OR transcranial direct current stimulation OR
tDCS OR cranial electrotherapy stimulation OR CES

3#tneuropathic pain OR NP

4#randomized controlled trail OR RCT

5#1# AND 2# AND 3# AND4#

2.2. ZRHHRIE

INFRAE: 1) PEBARR NN A SR BRI 1 00 sl 55 REATLG ke s 2) e 2T 57 I N (1
BB EVEAR; 3) diRfRls: BE IR,

HEBRbRAE: 1) CLBRIA RSB M ARR AVE RIS 2) REEHLELBOA BB AL s BRI 4L, 3)
WEAAL, TR IR -

2.3. XHATHE S EAERE

HH 2 AR T AT o (] SCHRAR R 22, DAY HEBRAS A R I 8 o AR i 00V 78 SCRadE AT 4% SC IR i3k
HF BR O 58 AN HEPR HE I B B A TP B R SCHR . SRELCL R AR Bkl BB —1E# . KBS R
it FEARE. S 5ERFE NP 288, BEVIISE. NIBS TPISE(HR .. SR 7 FE BRI 3E A% ik
B) AR TT RN FR AL VT 2 G L (B VR YT 4 R BRI Rt S — IR V) o S A71E 43 5 (1 STk
A S EE R A 3 BWF A T B I R e
2.4, XHKREITM

H 2 AT N B L OISO ] “Cochrane XU 25 W45 T B 7 AT BT BRI [12]. TEAY
WA T BEAFERENL D ELINE . SRR Bk, SREWE M8t miE R R LA w255l
RPN AR UER 23 AR « CORERERT R R AR W A [ S SR B 3 A4 B U
R
25. GtERZE

AW FAEH STATAL2.0 AR IANEAR AT Gt 730 S FCR AR IR T B3R, IR
FA bR e 4% % (standardized mean difference, SMD)F1 95% & {5 [X [a](confidence interval, CI)$R 5 20N &
HRAE p A2 B g A FE 2 T R S i, 5 p > 0.1, 12 < 50%% 4% T 7 18] [ B v R4, DU ade 39 ] 5 3%
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RERI[13]; % p<0.1, 12>50%% B &0 50 RIFE/E v, TR BEBENLACRR, FE4— 45 SR F P 4
Sy MRS 43 M7 48 S R MR [14] . BT p B3R AU 36T, p <0.05 W HZE R AH G255
.

3. &R

3.1. XHEkiFixLER

o3 B R BRI D 3R AN 425 e SCHR, AN 13 TR A HEGN R AR AE I BE AL R G [15]-[27], 3¢
R AR A 1 1 TR

WL A 2 R A SR FAEARIAT ik
(n=425) (n=0)

BRI SCHR ISR AR SR

(n=265)
B4 A 22 ,| RS
(0=265) (n=227)
B SR APl ;?;
(0=38) o KHIHBEHNP (1=7)
o 2HHAETFUEHE (0=
4)
o PRI =
£ Ameta MR e
(n=13) NIBS (n=5)

Figure 1. Flow chart of literature screening
1. XHERTHiERIZE

3.2. MAWSRHERFHE

1R TN ASHE . GO 13 T RCT AF 3L 4 489 & B, Hrh K Huba 401
IR ECH REAL A 40 R IR BRI P . AR AR A 32 % 31 85 & AN, LR s T T

29 NHIF 5T TS FH B9 NIBS 43 rTMS (n = 8), tDCS (n=4), 1 CES (n=1). 5t 3 H i rTMS i
f14% 1 Hz. 10 Hz #1 20 Hz, tDCS HI3EE 4% 1.4 mA A1 2 mA, CES {# FH 132 % 7y 100~500 uA. NIBS
SR A B BT 2 ) B2 5 (ML) N AMU A K2 5 (DLPFC) . ~F34BE VBT [R) A 4.5 i (4~12 J).

Table 1. Characteristics of included studies

® L AR BRI

1B () v ans ININSE FEEAL NIBS THUTvE 45=48tn  BEVII A
Francis O’neill UL RS R I fﬁﬁQN :ﬂgﬁiiﬁ tDCS:1.4 mf\;
etal (2018) D PDCS (N=21) Vs 140 i30m M1 X o.osemr?r%r;r; 120 NRS FAfiE

tDCS ELRIFAN = 23) \p 0, % bk,
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UE BE ML AR 5T 5
A% tDCS (n = 15) vs
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XU BEALX HEATE 5K 5
rTMS (n=19) vs
rTMS B (n = 19)

BUE FENLTHEAIT AL
ITMS (n = 14) vs
rTMS 5413 (n = 15)

XUE BN HEHTE AT
ITMS (n=15) vs
rTMS {1 (n = 15)

XU BEALT TRATF 5T 5
CES (n = 45) or CES
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tDCS (n = 24) vs
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BUE FENLTHRAIT AL
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(10 Hz) (n=5) vs
TMS il (n = 5)

XUE BEALT HRATF 7 5
rTMS (n=13) vs
rTMS il (n = 12)

BUE BEAIA T 5
tDCS (n = 8) vs tDCS
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N =30
kY. 49.87 (12.9)
PESHI: 12F/18M
NP 8. 2 Kk PEfEL

N =38
fERE: 50.16 (11.34)
PERI: 17F/I19M
NP 5. A5
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PEH: 6F/23M

NP 2584: fixidMi o
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R Rids
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NP K7, AHE145
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NP KT, 24k
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PEHI: 40F/OM

PBAY. AN

N =15
fER%: 51.3(6.2)
PE): 15F/OM

NP 35281, £ 4ELI%

N =25
WS 45.25 (9.33)
PE5): 25F/OM
NP 2871, 241

N=16
E#S: 48.9(10.0)
HH: 13F/3M
NP 2854 2 Kk PEREL

M1 X

M1 X

DLPFC [X

M1 X

RifiE

M1 X

M1 X

DLPFC/M
1IX

M1 X

DLPFC [X

tDCS: 2 mA;
0.057 mA/cm?; 20
min/day

rTMS: 10 Hz;
80%~100% RMT;
1500
pulses/session

rTMS: 10 Hz; 80%
RMT; 2000
pulses/session

rTMS: 20 Hz; 80%
RMT; 2000
pulses/session; ITI
=30s

CES: 100 uA,
1 hour/session

tDCS: 2 mA,;
0.057 mA/cm?; 20
min/day

rTMS: 10 Hz; 80%
RMT; 1500
pulses/session; ITI
=50s

rTMS: (1) 1 Hz;
110% RMT; 1600
pulses/session; ITI

=60s; 10
sessions; (2) 10
Hz; 80% RMT;
2000

pulses/session; ITI
=10s; 10 sessions

rTMS: 1Hz; 90%
RMT; 1200
pulses/session; ITI
=40 s; 10 sessions

tDCS: 2 mA; 0.06
mA/cm?; 20
min/day; 3

sessions

VAS

NRS

NRS

VAS

BPI

NRS

NRS

VAS

VAS

VAS

AARIE

ARiiE

47

1H

ARIRIE

1H

1H

1H
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3.3. XkREFM

NN TE R 1o USSP A 25 R N 8] 2 s . KZEWEFE(10 )i 1 BENLF SR RROTE, T H ARt
FORAIE o 7 T FTIR AL T RO HARR) 7 BCATBSGERSE 7V 10 53 4 6 It ST Rfifid o JL-F-Fr A it 7T (12
FE)XE T AN LSl T, MR LI AR B . IR I, 9 TR S AR E A MR
i o UL, 1T 273 4 4 TR FORRIARS . T AT AW TR se Bt 1 45 R Mol
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Albert Leung (2017)

Alejandra Malavera (2016)
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~ |~ . =~ | Selective reporting (reporting bias)

Chen-Guang Zhao (2021)

-~

E. Baron Short (2011)

~

E.M. Khedr (2014)

~

Francis O’neill (2018)

Gabriel Tan (2011)

~ D D ~ D D D ®| @ |Alocation concealment (selection bias)

-~

ilker YAGCI (2014)

-~

Jamie Young (2020)

~

Lee 5) 2012)

~ @ VD~ D D D D @D ®|® |Random sequence generation (selection bias)

Samar S. Ayache (2016)

DO OO DD PO D ® ® ®| ®|slndingof participants and personnel (performance bias)

D -~ 0P DD DD D ~|®| ®| @ slindingof outcome assessment (detection bias)

D OO DD DD D D ®| @ |ncomplete outcome data (attrition bias)

®DOODO DD DD DD D D D |Othernias

Figure 2. Summary of risk of bias

2. NIRRT

i) 5 P B R %

DOI: 10.12677/acm.2022.1291212

8408

Wi PR = 73 Ji


https://doi.org/10.12677/acm.2022.1291212

3.4. Meta SHTER

T BTN BT 50 B F A () B 3 0] B8 3 R R IEA TV 43, DR A 76 R FH b AL 35 02 (SMID) 3k
PSRN B RN . S5 11 B 7 NIBS WRJT 455 NP B R SGEEIL, Meta 73 Hr 45 R W]
NIBS 7E 22/ NP 3 498 J7 TH i 2 00T NIBS B #(SMD = —0.60; 95% CI: —1.00~—0.20; p = 0.004;
3(A)). A 7 THFFLHR T T NIBS %F NP B8 P o K 2, Meta 23 #2855 3R B NIBS X i 7%

I P R 841 Y B 4 2 A0 T BUR) (SMID = —0.51;  95% Cl: —0.79~-0.23; p =0.000; 4] 3(B)).

A

Study
D SMD (95% Ci) Weight
i
AsbjornJ (2015) ——t -0.35 (093, 0.22) 10.16
Jarmie Young (2020) —o—%— -0.79 (154, -0.05) 887
Francis O'eill 2018) i—o— -0.07 (066, 0.52) 10.00
i
Samar S. Ayache (2016) _— 0,56 (-1.56, 0.44) 71
'
Alaa Mhalla (2011) —_— 067 (1.40,0.07) 802
]
Ghen-Guang Zhao (2021) —o—:— 118 (1.8, -0.4) 026
E. Baron Short (2011) —«:—— -0.72(1.62,0.19) 778
EM. Khedr (2014) _— 276 (378, -1.74) 702
iiker YAGCI (2014) —:o—— 0,58 (-1.38, 0.22) 846
Lee 8J1(2012) —— 083048, 2.13) 544
Lee 8J2(2012) —_ 048 (-1.75, 0.78) 565
j
Gabriel Tan (2011) | —— 0.05(:0.35,0.44) 11.38
i
Overall (isquared = 70.5%, p =0.000) <> 060 (-1.00, -0.20) 10000
i
NOTE: Weights are from random effects analysis H
T T
378 0 378
Sty "
0 SMD (95% O1) Weight
Aaa Mnalla (01 —o—%—- 065139, 008) 12
Abert Loung (2017) —o—%—- 069 (1.44,000) 177
EM. Knedr (2014) —o—%— 088 (163, 0.13) 1074
Iker YAGC (2014) —4:—0—— 015099, 064) 1250
Lee sy 1(2012) 055 (072, 182) I
Lea sy 22012) 091 (220,041) 440
€ Baron Short (2011 —o—%—— 064 (154,026) as7
o 015 =01 <> omiamom o
A
i
NOTE Weights ars flom random sffects analyss
T T

22 0

Figure 3. Meta-analysis of pain improvement between NIBS versus control in patients

223

with neuropathic pain at post-treatment (A) and at follow-up (B)
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3.5. LA HT

NE— B AE NIBS 77 RHNATTRCR, FATHAT T sl 4 Fos, 1689785 K570 2
FIREA R E T 3252 tDCS (SMD = —0.38; 95% Cl: —0.71~—0.04; p=0.030; [%] 4(A))F1 H-rTMS (SMD =
—0.95; 95% Cl: —1.85~—0.04; p = 0.040; %] 4(A))¥5J7 1) NP 5%, 4% L-rTMS (SMD = -0.55; 95% Cl:
-1.23~0.13; p=0.111; [ 4(A))FI CES (SMD = —-0.05; 95% Cl: —0.35~0.05; p =0.812; [ 4(A))iHJT &
B HIPIRREIR A WL 535 G o 72 BE VT AR, DUR I H-rTMS BERFSEME NP 53 (IR REIR (SMD = —0.54;
95% Cl: —0.85~-0.24; p=0.000; [ 4(B)).

A

Study %
D SMD (95% ClI) Weight
tDCS |
AsbjornJ (2015) —— -0.35(-0.93,022) 10.16
Jamie Young (2020) —— -0.79 (-1.54,-0.05) 8.87
Francis O’neill (2018) Jl—o— -0.07 (-0.66, 0.52)  10.00
Samar S. Ayache (2016) —_—— -0.56 (-1.56,0.44) 7.1
Subtotal (I-squared = 0.0%, p = 0.499) O -0.38 (-0.71,-0.04) 36.15
: '
'
H-rTMS 1
|
Alaa Mhalla (2011) —_— -0.67 (-1.40,0.07) 8.92
Chen-Guang Zhao (2021) —_— -1.18(-1.88,-0.49) 9.26
E. Baron Short (2011) —_— 0.72(-162,0.19) 773
E.M. Khedr (2014) —_— | 276 (-3.78,-1.74) 7.02
Lee SJ 1 (2012) —_— 0.83(-0.48,2.13) 544
Subtotal (I-squared = 80.5%, p = 0.000) O -0.95(-1.85,-0.04) 38.37
: !
L+TMS !
ilker YAGCI (2014) — -0.58(-1.38,0.22) 8.46
Lee SJ 2 (2012) —_— -0.48(-1.75,0.78)  5.65
Subtotal (I-squared = 0.0%, p = 0.901) <>- -0.55(-1.23,0.13) 14.11
. '
'
CES '
Gabriel Tan (2011) C—— 0.05 (-0.35,0.44)  11.38
Subtotal (I-squared = .%, p =) <> 0.05(-0.35,0.44)  11.38
I
- |
Overall (l-squared = 70.5%, p = 0.000) < -0.60 (-1.00, -0.20) 100.00
1
NOTE: Weights are from random effects analysis :
T T
-3.78 0 3.78
Study %
D SMD (95% CI) Weight
T
H-rTMS :
I
Alaa Mhalla (2011) —_— -0.65 (-1.39, 0.08) 1428
j
Albert Leung (2017) _0:_- -0.69 (-1.44, 0.06) 1377
i
E.M. Khedr (2014) —_— 0,88 (-1.63,-0.13) 1374
\
Lee SJ 1(2012) n 0.55(-0.72,1.82) 483
E. Baron Short (2011) —4-:-—— 0,64 (-154,0.26) 957
Alejandra Malavera (2016) +— -0.40 (-0.94,0.14) 2674
i
Subtotal (-squared = 0.0%, p = 0.526) <> 0,54 (:0.85,-0.24) 8294
i
L1TMS '
iiker YAGCI (2014) —_— -0.15(:0.93, 0.64) 1258
Lee SJ 2(2012) : -0.91(-2.23,0.41) 448
Subtotal (l-squared = 0.0%, p = 0.330) <3> -0.35(-1.02, 0.33) 17.06
j
.
Overall (l-squared = 0.0%, p = 0.613) Q -051(-0.79, -0.23) 100.00
i
NOTE: Weights are from random effects analysis H
T * T

223 0 223

Figure 4. Subgroup analyses of different types of NIBS for pain reduction at post-treatment (A) and at follow-up (B)
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4. g

N RGN ARAR N R A ST R A VPR A R, ARBF RN T 13 TUBE AL RS . FRATTY)
meta 73BT I, NIBS FELE M 35 P 7 W35 A0 TR0 SRR RN TT 7 ST WA 2 Hr, 2505
7~ A tDCS Al H-rTMS B R ERUR . BEVI R, NIBS 5 00 17 224 1 5 35 00 B0, i —
WA R, R H-ITMS T RFEEMGE NP R R ED -

H A 2 M NIBS £ R T # 2 i BEM R VG YT, Hord rTMS HiT tDCS s I PR 5 FH i AT T
FB, RECENIERBRIMEE— B4 BN meta 75 HT45 R R rTMS I tDCS FEARE 2%
O BE R 1 B B AR 20 B PR R IR [11], (B Z A S AN RERf . NIBS X oA 287 NP 4 2R
AN TAFRIER NP B3 (R, FEMEsn. BuEinm), B ndras LR NIBS 7R/
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