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Te BRI ORI R P2 JE AP 2 AR Tt

Ko ORMES
(7 BRI R R R B Im AR, g 200040)

B E WAL E AR (postherpetic neuralgia, PHN) /& i K& - 1 Ik /8 2% 5 (varicella-zoster virus,
VZV) BES| KN 5 B Z Z SR B TR BN R ERER, RERESRE LN
FEE, HAMEMFREKEENT. RE 60 5 DL EPHNFA & b 65%, KHFLELL 1 F4
% 30%, RFERIPEHFCAHEKHSEFRK. BEMAWETERAR, EARRNEE, AHEXLSF
TAF, WERKEENZR. T4k, TAWERAEEARELEL THRAEER-FREMNE, RIALE
FH N R R 77, R ER B N R . R X R A% PHN B &R ALE . T8l 4 F #H5
AR, HREHFABAGEMA R, U AMREOR & 2 R o 10 fh 3R (R 35
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Research advances in non-invasive neuromodulation techniques for postherpetic neuralgia

HE Ting, ZHENG Yong-jun *

(Department of Pain Medicine, Huadong Hospital Affiliated to Fudan University, Shanghai 200040, China)
Abstract Postherpetic neuralgia (PHN), the most common complication of herpes zoster, is a chronic neuropathic
pain condition resulting from pathological remodeling of both peripheral and central nervous systems following
reactivation of varicella-zoster virus (VZV). Its incidence increases markedly with advancing age. In China, more
than 65% of patients with PHN over 60 years old have pain, and 30% of patients have pain that lasts for more
than 1 year, resulting in serious physical and mental burden and socio-economic losses. At present, the effect
of drugs treatment is limited, and the side effects are significant, especially in elderly patients, and the clinical
benefit is more limited. In recent years, non-invasive neuromodulation technology has shown significant
potential for clinical application by regulating the pain-affective network through targeted intervention, and has
become a research hotspot in the field of chronic pain. This article systematically reviews the pathogenesis of
PHN and the application of non-invasive neuromodulation techniques, and looks forward to the transformation
prospects of new technologies, in order to provide a theoretical basis for the optimization of individualized pain
management strategies.

Keywords postherpetic neuralgia; non-invasive neuromodulation techniques; repetitive transcranial magnetic

stimulation; transcranial direct current stimulation; neuroplasticity

WOIRJEIZ JG 44298 (postherpetic neuralgia, PHN) eI S, o 20%~30% K JEN PHN P, F
T — LR 18 A 2 B O, RIS 60 % LL I PHN Ji A (5 LGB 65%, HIZJmHEE:E
WL RIE, A 9%~ 34% BRI E A 2K 1L 30%, FEU™E SO AE A 2R
JERPAN Y, HRBERFFHBMKEET . FA Ko RYE CHERIEE JG 21297 o Bl & Z R P,
FIZ WA i SR 9s - w7 IR T2 i 75 (varicella-zoster PHN [Ji2 Wr 2 ST R yR0 2 0 s AIm R R B, —
virus, VZV) RG-SV, PHN 2 BREUH B PR 75 R R B S 0 s A A el A A B A . PHN
St #8 WHO Seit, 43Kk% 13 N —4A g DARFEEIE B R MR i o I BORT S 5 MR R0 9 R
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fiEo SRR [RILE 1A H BAA, stk B0 s
R I TR G 1 AN H A PHN, 3 28 % M 8] 4 42
(53%). FMZ (20%). = XHE (15%) SRR
2 (11%) 55 Mo 0 NH 8 AT B RS JRR B B R IR 1,
FPEE RGP E. HAT— 225 Canm s T,
W H EARD B SRR, (BAE ST A TR

(L 30%~50% i N &R 22 i = 50%) « AR
MR (WA GEERG FERE) 5508, JLHX T2
RN, BT HAYIm S, P R TR
e Mo Rk, WRLEERMALYRIT T
PHN & B 18 ) 7K.

EER, LAIML IR AR (non-invasive neu-
romodulation, NIN) [A] H #E i) = F1i 74 95 Jak a1 - 1 J
B, OB YRR T FIRE TSRO B TR
N, BRI (repetitive transcranial magnetic
stimulation, rTMS) 1 £ fill B it H 41 ¥4 (transcranial
direct current stimulation, tDCS) 25 3 A 1] i i g 3
HORRERAL . YT 2 ] B MR SE ML R 2 2 2GS PHN
95 NI B G 4 dR s SR, A 4iih 2 R e
—HR, BRZX NIN /AL 5 PHN J BELAL 2
RGRHE, B AR IS R DB BRI N 77
AL ETEEE S PHN i BEHLH] 5 NIN FTseng, Jf
XFEETE O 5 A AR, ¥ i B R (spinal cord

= Activation
" Reduction
\ Ectopic discharge

/ e e LN
~ N\
- ‘.
&

5 I' ‘l Macrophages

?f\#’

Skin
1 PHN EERHHLHIE (KK B biorender 4]

——

Spinal cord

* 537 -

stimulation, SCS) HJ7 R ZE 57, NI PR v 26 £ it 4R
s B WG TT RS PR LS R NG R, Al “R
AERR S KRR ETTIA, AN P & B
PRALEIR SCFF.

—. PHN KJwHLi

PHN 55 BEAIL I 2 B4 R B 1) Hhoiix B 1) 2%
AR 2 (I D

1. VZV F30E 524

VZV TE & J5 AR T 5 MR 2797 (dorsal root
ganglion, DRG), 4144 52 F 2 01 l] =l S S0i iU
TEAR (0998 B OB L O, WY PR AR 4 ) A L2
AV P B CE I R S S T TP D R
05 e 2 60% [f1995 ANAE 52 B IX 32 LB 22
& T B AR IR B RER, X I R R R
NAHZBH I, ATRES VZV X P e i g e Y,

2. 5 E A

A JE AL R I 9 4] T I 2 M 7 M AT . Zhang
2 UL A 28 45 403 fik R 502 410 iR 32 7] DRG, {2 A
WM GEHIKEE RIEN BRI, JEid ik N CCL
T 9k I 52 4 HL A7 B BETR VY 1 (transient receptor
potential vanilloid 1, TRPV1) £ {5 5 1 52 1k, &KX
P TO AT B . Ak, B 1 I8 I 2 R
Z—. HEITE8EE (Navl.8/1.7) K T B85 8 IE

Anxiety
Depression

Gene
GABA Gly |

!

Descending
suppression
pain pathways

Ascending ' Brain
pain pathways

!

BDNF Glu T

Central sensitization

(T

Jo3EE PR IUR 51 R I 2 SORE B A% — J7 T 51 AP & e i 24k, AT 3 B o b e #h 22 BOCE Rl XS AIRES . 53— 71l
7E DRG B o 5 K S 08O, PR8I T 2k 1 SR A5 A B A A N 2 5 A A i sed . ok, RIT
ATIRImAM G BRI « 8L DR 3 SO B 3 R PR

Skin: JZJik; Spinal cord: ##%; Brain: KJfiXi; Peripheral sensitization: 4 #&{k; Central sensitization: FHHXES L
Descending suppression pain pathways: 79 NTHIHE R Ascending pain pathways: I AT Anxiety: 48
[&; Depression: Ifif; Gene: :[X; Macrophages: EWEIE; DRG: THRMLTT; Hype-excitability: 3%
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(Cav3.2) Rk AT S BALRR G, 51 KA E
%éﬂiﬁﬁﬁiiiﬁ?{iﬁﬁﬁi X PR A JE #2280 AL T B
H R PP 5 ks R P
3. X Ak
X B A2 FR 457 A JORE B 4545 5| IS V) i
IR PR UESVIAS ¥ Eib) TP o -3 Sl e U S8 U
FPRE TR A B S5 1 ) 2 ﬁﬁ(iaOLé[m ?ﬁ‘ i,
FRELIE AR SN 51 R BE TS A R fmT
AP AR HEE C ARV T RiERE, £
G E PR e b€ A7 LY K R ik b ]
AEHIFH 2 P BVEAE AS LT YEM C LT YA N HETS A
T BT S I R TR B T D A 1 P 4 3 BT A AR
(glutamate, Glu). Glu /EF T Z il 5 40 B 1) o- 22 253~
FRdk-5- L -4- IR T R %2 44 (0-amino-3-hydroxy-
5-methyl-4-isoxazolepropionate receptor, AMPAR) 5%}
N-FJE-D- R A2 R % 14 (N-methyl-D-aspartate receptor,
NMDAR) #8354k . [H] I 4 28 52455 5] i 6 6 1
E A N S B 2SS TR W S = S E I G S
iy &2 T R (gamma-aminobutyric acid, GABA) #ll
HEZ R (glycine, Gly) Jli/b, I8 47 $0 i 18 2% 1F
Wk M, A2 )E, BT R
JoT 41 5 R T o A P v A R TR R TR T, e
PEPEM 48 7 AT (brain-derived neurotrophic factor,
BDNF) 3 i i v U2 Devor 58 M H ) “ 57
R sy ” #E— PR 1 DRG A i s i
YERPERETP XL, T RBRIRRREL 1 IR SRS

Bk i35

VA

HERRL

REERETFHL
EFRERE

2 TMS EH#MLEI (A E B biorender A& WPS Z:iil])

——

i /‘@%

BT T 14
g 37 2 e 3
EEEEys | e—) 2 E R EY

(T
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4%@!%
T A SR A DR 25 000 B AR 45 0 THI M 2 F 9T 2 o
vE. 43 K ZH 0 704 7 HLA-B*44:03 45 i1 5 K 5
PHN 5 BPEMI ¢, P2RXT £ [H rs7958311 £ fi 48 57
T ATP )45 58 138 0 R o g 1, X
Se R IO AARIRI T IR AL TR AL A, HEEA
HPEH, AR IR A I I A R R 5 Ak R 9
Btk . ThEehi LR Bom PHN J% AR S X (dn
NERD 5B R, TR A X AR TS B Az 4
L AR RRE PHN R
1. R &GRSR PHN ¢ 8
rTMS 2T B A8 W 3% 75 f 3 4 5 il [X 375 S5 Jak B
LI, 38 I AR R 37 8 P P R o i DX A B LA
R IE IO BRI EIRBEA ME (LE 2) .
HAEFPLEN & 2 B AV FR08: O 5 h
Rk RE, FEITREIRAES GABA fE R4 ' @k
2 JR G MR s ORI RIS TR CRLFE N
PEPERT k. 2 EU% K& BDNE) M7 @i j2 i -
- A BRI EE L S " B (= 10 Hz) 33
W) 38 B % i (primary motor cortex, M1) 1] i 2 [&
ﬁﬁm S, AT A 1) A e 3 B A A
B, RO N AT g
I W Pei 25 M 1) B L R G 56 R, 10 Hz
fTMS J697 2 J8 J5, 3303 2 P 8 2 fift 2R T B B
HPEE 40%, HITBEFsE 3 ANABE VI, WAt
TR REE A CGEREARFEAS,  [RIA M O 7 9 %

BTHRH — REAHSSE

/
\

B ERIB — FEERA

|

|

RIS

rTMS S8 37 51 R RN F AR A, HETTTOE I SO A T B MR B R B s MR B TR

JERER E MR 1] %t
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R ) TR 48 A S TR S T B FIR TR R G . M
AR F AT E N, PHN Ji N 42 i T BE % 42 N 4% ik
FAR: RIS N LT RUSCR IR, W RS A
OGN EnEE] CRUA ) Rl iz AE %
ilX Gl W5 SRR As B = . ek,
M1 5 & 4 7 %1 i (dorsolateral prefrontal cortex,
DLPFC) LI feiE 2 M Y 58 F2 B2 15 VAS S BU% R i)
il 5 %% (Hamilton depression Scale, HAMD) ¥ 43 i{ 3
RRZIEMIE, $R TMS AT fe i 2 156 X 1[5
5 SR - 1 SRR IR I 2 M . 6 T I RS
2020 FFE WM AR Z 2 i B O M1 s 3 ' TMS 4104
PR ELE PR 1 A Gty B

2. A HIEAE PHN AR

2% [ # 28 H I3 (transcutaneous electrical nerve
stimulation, TENS) 38 i il S0 I T AT $0 ) 38 12 LA Je
i 3k Py HERK 2, R EVEURRCR BV —IEE NN R
Il R 48 A 7T T 8 B B AR IR & TENS 897 PHN )
fi500 B, 4% 30 ) PHN 35 ABEAL 5 A8 5 2 4R/ TENS
20 By H SRR /BRI B AR, R B AR A B B R R T
PHN [ 5:60_E NN TENS 697 73RS 5 4 7 ik
Ing % V¥ 20 B BEA: 72 W PHN HL At 76 97 i
25 2R E BENL 0 BC A TENS B ised, 255
FH, KEZHIEZZ /D 3 IR TENS 16972 iR FH KR
WEREE, FH] TENS 7E7677 PHN J7 H2 A R

3. 2 B FURIEE PHN HR R R

tDCS 38 I AR 58 B FLUR L (1~2 mA) 7B T 45
SE X, F5 T FH AR R 2 B Ak 2508 5 B AR SR
T A A 200 7 e 73 i EL A7 52 i) % i A 368 R 3 I A I
FEI 55 (long-term potentiation, LTP)/##l| (long-term
depression, LTD) i #8, MM 5 5 5 % a5 14 Je w22
AR P (WL 3) . 7E PHN JRITH, tDCS A fE
o = PR R BB AN ORI iR A S
fEi% s QBB X M1 X5tk @ T4
T BRI K BUE BB S A #9122 70 NMDA 2 ARk,
POt RE AR AL PO

B EE %% PR M1-DLPEC XUHE 15 48 # i 0y
ZEVRYT SR PHN Ji A 40 7], VG974 R ML 5
DLPFC XL i 22 B, o MR AL B2 s2 (BRI iR97
SEORIN K 1 AN HEEVTE, V6974 VAS 1¥5) . HAMD
PP I UG 2% £ B FIR 77 72 48 2 (Pittsburgh sleep quality
index, PSQI) ¥ W EFFK. WHHHTERY, HfE<2
A HBRNE RS R 2, $En BT min i
JT 2. %M FCIUE L, MI1-DLPFC XUAE 55 tDCS 1] i
ORI IRV E B ) B e < S s /U2 3 AN = 2 4
AR 2 4k i3, ki s PHN ) AMAAL 16 97 S fit

. 539 -
- -~
1A N2
B BiNE o
A
A =l
LTP LTD
AT BT = _ _
VN P
b v
[ weRsRsEtEE | )
i o5

B3 tDCS {EFHLH] 2
tDCS I8 12 A 58 55 (9 % 1 93 AR B 9 b ) i e i 4
TR R AL, AT 5] D 2 i r] 38 AR A SR T K
I DX 285 R 32 3 1 e A

THOEYE . 1Tk TIE S P RGVEE TS &
Jiff (paravertebral block, PVB) Bt & tDCS %} PHN %
NI S A g R P R T sk s @Y. 4 SR E0R,
tDCS Bk PVB B —if )7 B & E K BRACR,
TR SIS AT AT -0 G R ThREER: (WIEsRTY
M Ay nads B S5 &N DR &), WrE PVB 1)
ARG E ARSI . AR, PR TE=
FHE AR S M, Rk 75 8 I 25 5L i D) 4% 4 A ik
— [ BRI T TR ) A 22 T SB PR

=. LIS H A REER AR

A Hi6 FL R (spinal cord stimulation, SCS) J& H
AT I PR YG 97 PHN i AT 72 B FH A 6 42 0 4%,
i HE N H AR R O BE S R, W S 50% ~70%
PHN Ji5 N & Ui, (HAFETE G, HA A A7 55 XU o
—IZEA M R, rTMS BRI T &R 2% ff R0k
58%, 5 SCSHENJG 1 TR (62%) 2R TGiiT
FE O, HAEA MR SCS MY, {H SCS &g
RSN 12% P, 3R e AR TS T 24 R IF
RE v AU N

V9. HrHoRE R KA

1. 8 Fil 5 £ 7 R

2% il 55 BE 68 75 00 (transcranial focused ultrasound
stimulation, tFUS) 21 MRI 5| S KL X 2 AL,
JE S P U S X A R iR v B, HLAS (A 4y
PR BEMTHRAEMHE A (TMSADCS). AL
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WL, (FUS 38 WU 7 80E HU U 1l
WAL S, FIN S SRR AR SR
Zom] PR EEAR, / T BE I B A A
RN, RREHEZCR B B LR KR

W AR BT 78 27, tFUS 7 S8 Ik P i A rh iy
EA B H/E . Min 25 B 3 1 5h ) 52 56 36 30F
tFUS J38505 0/ A 5% 1 22 30 % 1] 56 3 e A8 KT AT N
%R, Badran [ BAFF JE f fe e 52 K BE AL G R
R (72 = 19) K, FEMWETH (FUS 70 A] FRAK A
P AU B S e 4 A AR ) TS
WEFL (72 = 20) W, HUHIHT R BUEE [A) tFUS Y597 AT A8
PEI BT 4> P AF 4370 (numerical rating scale, NRS) ¥
53 B ZI T B 60.0£33.1 43, 60% 2\ # 1E 24 /N
J 7 RWIE B > 30% K SE AR, 55% T N SEBL >
50% FEEZEfR P2, %45 BN tFUS B T ] 4 7%
SR T EIE SR

H AT 78 A7 REAS B/ . MIRT M0 PR A 1
SEN AR MR K V69T S P A S o f
ZRGEWFERIR, KK FHRFEA BT ARG
KA e Ak, RIS S e LB AR S, # T MA
WGBTS 5k F, HEZ) FUS 1545 W B 7 16 R e .«

2. I E

i 38 -0 FE I 3 (transcranial temporal interfer-
ence stimulation, tTIS) & — F A1 87 1 I A1 3 35 Hisi 3
B A . %A H Boyden HIBAT 2017 4E 1 IR H,
SR 0 JE B 5 5t S B AT RS AR S (R 2
AbF AR 2IE S BUBIRED IS T35 BN AR IR
B X P A AR 2% 37, AT SEEx B brA% 11
2N TG A B M T AE S DCS, (TIS %
WP BHBUR A, 454 MRI 5| 5] ik B2 K 2% 45 6]
PRI, BERTIN W PR A SR R 4
FIRIBE M . Liu 25 B9 8 39 Se30E 5L ¢TIS Al
SV N R D X2t LR AL S
FFEARTE 3 5L b HE— B HLEIRT LR, (TIS i@
LR R )4 B A R R S e A M, R
Pk s M 98, AT SB35 B /N BRIE 3h 2 ST R
1o Wi PRI R PERE SR W, /7005 52 5 $E 7] ¢TIS
RN R IR, PRARINECRE RS A F
VPO, BN L 1R - A9 ML I 14 9 E T T
e Y

BT I AR I B G PR 0 = 0 AR T 3L
BAE A R RIS S B iA R, KRR ARF S
& Z RSB MNT TIS [ER 2 AR ML,
8L A A AL T TR R 56 B i E ko o 0 Bk
I R e PR AEAN A
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Fi. MeE 5 RS

ININ G sk i 775 #0485 ko nT 8V, 8 PHN [ 84
JRIRITHRAE TR M. TR R, ZE AT
TIATFSER L 50 F A P AR X 50 8 2 B0 5 %
TS B A 2, RSB TYS AT E S
FEIh L YT - R S A B e 15 4 i 7 A A
TR o IX 3 T4 20 0 5% B YR IRV T SR, SR
TSGR S — R, v PHN MIALEIL R
ST IFRE T Bva e SR, B H A B AR AT T
I P RAZ OB R 55—, SR @ AR AN 2 il 40 9%
AR AR At G T Iy G2 S O (Y SR
PIRER, BT BUMANE A BB S E R
B RIR R AR T EET 2 SRR
A (T ReT 2L A6 1% - i H [7] 20 &2 4t INIRS-EEG)
fiE AT PHN 55 N\ P08 X 25 6 40 b B AR AIE s[RI 2
FTATEERRES SR (RWEE. R
P2, MRS , WEBEURT AR, L
HHHEZh PHN YA J7 M\ 20 56 P~ T 170 15 11 K 7 5 2 4
A

A @b RER: AFEFRAILH ZF R,
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