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Abstract

Post-stroke shoulder pain (PSSP), a common complication following a stroke, impedes the normal
implementation of rehabilitation treatment plans and leads to post-stroke depression and a decline
in the quality of life. This article aims to systematically review recent advances in non-invasive tech-
nologies for post-stroke shoulder pain (PSSP) and their clinical efficacy, and to conduct a detailed
comparative analysis of each technology’s advantages and optimal indications. Based on these
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findings and integrating patients’ clinical stages and core pathological characteristics, we propose
a comprehensive individualized clinical decision-making pathway, thereby providing an opera-
tional framework for the precise application of these emerging technologies in future clinical prac-
tice. Furthermore, this review emphasizes that more rigorous clinical trials are still needed to verify
the effectiveness of the aforementioned technologies and to explore the optimal integration strate-
gies for them in individualized rehabilitation programs, thereby providing a more solid scientific
basis for the improvement of clinical decision-making pathways.
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i 26 e A EREURASE T BB R R 2 —, W& IR AP iR m, AT B AW, Bl i
SR I & T 5 10 B B 8 B2 O L[] [2]. Hedb, A S A J (post-stroke shoulder pain, PSSP) (1) & A= 28 ik
30%~65% [3]-[5]. FHARBIMLEITTRES L HAREL . FIBIsh BT 8T 50l JoR 2 S 8 MIA &
H55[6] [7]o PSSP AW B b Mg Zh D R A H W AE, 162 PRARREIR I & R AE G T, U R
ZIIGR[4] [8] [9]. Ak, Bl REFATHAMBAKE, JHRNETFBLE PSSP iGy7 HEUR T RE
J&o FMBARTER SN RN ERThREH T VRN TSR AR, R T IR T HERE. AXE
TER GBI R T PSSP I EZARRNMERAR, MER HMGPRTT 20 38 RGBSRl E A~k
IR TT SRBS AR AL R B RS 5% .

2. PSSP HiaTE =

IR _F PSSP [R136 T 75 AR5 R £ AH B 7 5[ 7] [10]. AR IME IR 2500, i, #hefd
SR e I S e K2 | I 57 | e DN e o = O 72 R B U =)= 4
RIFBEURIEF[11]-[14]. BT EFRRIRE L R EREAEES, AR 2 EREE. 2T
75 A [F - T0[4] [15] [16]. JTAEsK, HEELMUBRIE. P NGB REAOL/ G I S K m] 2R S Ak B2 SR
BARBL M T AN RE, ERIANGSSE, SEETh6e & ERRT A RIS, IHAES M
WIZRIRHE T 22 4 . RIS, 1X R Ak Ge M ASE I [17] o 1X Sk e 4R 2R B s 8. AMAAL ) PSSP
1R SRS BE | Rl
3. FERAMBARE PSSP AT HAIR F#R
3.1. EELMmuRI# (Repetitive Transcranial Magnetic Stimulation, rTMS)

B ZFRRIAE R —F IO To0 . RRRR K B JE M m PR, FE IR o RS BhiGT 75
2, LAIESE PSSP (1357 BUR[18]-[20] (W& 1). rTMS X2 o 5 & 0m B R AT T 208, HaBUm T
RO 0,458 53R R J5 % oy VRN S AT 2R 4, YA A S 2233 o AR TR, DA SR R 2 5 2 Ak JE R 90 15 114
R X3 1 45 W R T e 2 [21]-[23] . WFSCR B, rTMS St i A R K AR 1R B R Tl sh ey
TN RE IR R B IE B ThRE[19] - SRt A B 78 R rTMS o (58 8 22 M A H 5 A T a Bl e 0 1Y)
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PR AT H Bh[24]. PR ESR A S IAETE W rTMS 78 PSSP (3T RO EAEER R ME 2R, ]
RES B A R AL WRRHE . MR8 B A A NI T REVK B3 0 25 VAR 9% [25] -

WU P-1h7 — VKRR SRR A R JE THREVK IO, $RH T “45iMft&” X —M&. ZfEs
F0 AR Y P RE SR SR i 2 AT S BR (0 A P DR E D Re K 5 T 45 A il 48 50/ 1D R 638 DU gt vt ]
BRI TIRE[26]-[28]. IR E, rTMS [RI6 T 77 58 P AR 0T Bz J2 % A M 1R s e 43 VA 288 (1 ik 2 sl o)
B, JE I 28 PR R R 008 3 K B AL(MEPYIR A IX — AR Wrbr 4, AT LAV i) £ 5 5 B 1) 2 o i o 1)
Thee, RS X P B8 SR 9T 7 R IIEFE[29] [30]. AR, HATERXT PSSP i) rTMS Ak e
BITRT A, B, KRN G — DR R WA AR B MR ZE R, WO 3R kA B R A4 7
FRPE, BTN rTMS BEYT 7 5, DASEIIEE kg ik (0 fR 52 1 1 [31].

Table 1. The basic characteristics of the study on repetitive transcranial magnetic stimulation for PSSP treatment
= 1. ERZMERIFIATT PSSP A B EARHHE
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s it HEZH 20 151 B 50s, A 20 min, FﬁugI-MeyerrAJ:B)‘( S 1R R
R GH1Y BHS  Emiee. L et
Yo SEARH@EOY), M Bartnel fiE [ b DR
XHRA: 2 TMS (% g Jﬁ; P)’
TR BT + bt
KL + R 05)-
523677 (R Se %)
ST s
(ESWT)+ HEEZ T
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SEIRAH . 5 Hz midieh
N 24 S S 4 T
”%ig%f WETMS), EHIT5 SRR, 5
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Pl X HEZH 11 1) W, H 1K, A - o, FE(NRS)H &3
g amur gy MEONRS> O gemmiEs s stsEas  Loone M goonm
Aydin, 2024 b ABE ) R 5. FORIEIIONRS) g2 ey s i
ﬁﬁﬁﬁg %) AL 2 rTMS (% Ao ST
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& B R 3 3 LA 2
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_ N K o 2 (SFC): FBMK il iR
Jingchun A ~H, gk B I 1) 2 Ao ) faionin
S liwoots  TF BB gt 1em 11-64 A(TH20s 0 IR(CST)  MLML it
5 BT, J - AR T MgRREC AU OST Bt
Fugl- Xﬂﬁgﬂjj@g%tﬂf (fA): M1-M1fi# 15, 1EitEshThie
Meyer > % AL B HER(Z IR A W
90/100) ’ e LT4E) FA
SEUSAH . 1 Hz (&40
rTMS (6 M1 X,
SRR 120%5% 5183
T e A ff, 20 435h1K) + A VAT IR 4 FMA
o MRGEEWGI g p o AOMFT SR
e GHFwHE k20 TS EHE, BEA
g JunSoo Noh, 5 b, R SEIGHE 11 s YRRy, 810 T (FMA). T3 rTMS 5@1@}%%3
2019 fflE, BE XL 11 b fEH. SR MET) ] % A A
AL ) ST M2 50 ““}ﬁ Y EGEIhAE, (|
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3.2. {9 T % (Extracorporeal Shockwave Therapy, ESWT)

P A BT V2 3R B T P UL PRI B 1 RE A o A S A B e 1 0 X ORI R R R I
Bk, (R R MBAEA, RMALUEE, AMsScB i A M. PR ABERIECR, EN—FMIERA
PEIGIT B, V2 N T ARRR B PO [32] [33]. X T AR A S BUREHA R SR, ESWT & 15 o4 B 771
BIT EPRIBTT . BEPTIERCTASIRICH, R PRRE LK ), SRS s ThRERIRIG, TR
A R ThRE Bl ST M [34]-[38] (W7 2). IR _E S E PSSP fJ5 A 35 B Jig 55 A LA A 24545 . Kb
E, JARIERE ML, LA G B 3, PIE X ST R ESWT JRYT, HEFERIIE
J7 BH BINIRIT #RE 2.0~3.5 bar, SR 4~11 Hz, 677 lkiF % 2000~3000 ¥k LA K G977 50F 1.8~3.0 bar,
A% 8~13 Hz, JAJT k% 2000~3000 ¥X[39] [40].

L4 ESWT TEAR YA M98 77 T (1 24CR CAE IR RIS BT V2 A AT, AR PEREATL T RE G 8 o TovExt
ESWT It HE2H 152 438 R s A STt B V23, E b 5 1N FRD S it fv e 000 2 3 2 S MRV 7 465 148 1) P 3T R P2 [41]
[42]. PHLE, ARoRTERE Z W™, RARW TR AR 7T, DL — D FAE PSSP R &
A S EE T 28 SHER, SRR EN. BRERE. NS E IR 5 ARG
THBIRIT B, SEIU RS SRS HE ARG 0T8T, A2 AR EWST R IIIETE 7 H[39] .
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Table 2. The basic characteristics of the study on extracorporeal shockwave therapy for PSSP treatment

5 2. RONRTERTTAIBTT PSSP R B9 E A FHIE
B OB—EER AR TR _
2 ey BE OPRENR grommms)  (eRES) sk EERI
SR, B
AT e s ST
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i) ) e MRS . 4 e TR
SHRAE L ik %)
LR T (F9cse)
SEUGAH . THE ESWT
@B, ALK, &
£1000 Tkl REREE PP AME 4
R J 0.2~0.3 miymm?, 4 (%’;;f#%gi JEIAN 8 I
Shila i (HSP) Hz) + 42 ESWT (5 R Fugl- CATE N (el
T o 1 T . E/SE S eneite A
2023 . VAss  MHEAL20 4] 1500 fikirh, - filhek 25 5 THAE T (FMA- #o TEEE ESWT Ik
;1/} - 0.3~1.8 mimm?, 15 UE). 55k G2 ESWT 1H
Z M)« MRS, el (D AR
XHER4: {H ESWT (% " S«
ALl + BRI
(RISE34)
U RO RIS B
T L fff%;ggj #30.99%, T
T (tDCS): [ E T i VIJJ% = VP44 50%) Al
ol ARG mML BEE T P s
] v o MiniBESTest ~F-if gt
Ghite, 7 L plcemme O 2MA 2000 e gy o RIS
JessicaP. S. o 1‘%2/!‘)37 e B @ HTEshER Wiié(mi% - ZEMEP > 0.05).
Lima, 2023 5k %H ’ 1) O ImELEE C(MI-BCI) p é@éﬁ EEG &% Mu. i
i ’ + EERBSVR) + W’/*_)‘t_ e g beta. i beta (i
o NEEMP)IIZ: 20 LEET T R (5% ERD 1A
) MR, RE 5 K, ﬁ;é‘i%ﬁ;i* W, ERTEE S
$3 . WHRA: £ (ER*D”)’ T AR AR
(1 53 AR B

3.3. Hl3§ A KR (Robotics)

HLES NBARAE N A 58 3 12 3 Dh R R R P K I PR SE S A3 20 SR IR R][17] [43]. ML ABRE4E W]
FRAIINE R, AT DU FIE IR AR S 1 B %, 33 s A B A 3 I L R 3 R i Rk
REEENSEE, KIAMEGYT, JF HREW IR B issh 28 R BG Tl S, X “E%S
VL RF R A B IR R ERN LS 5, IS AR TS6)T oS8 [44]-[47]. HET, HLESA
FERE MW 2R T 8E LT RGEsith MW E L, JFHOA VL B W 3223 [46] [48] (L4 3)if
B A rp s e A PSSP [ EALRE L AKHR T, HLEs NEORTE PSSP 677 i O /) thiZ i 52 2115 7E [49]
Kim S5 N 18T A BB AR bz 28 AT R iE S A I 30, 677 A BUAL a8 N A B B
SRTT RS AT Rk R #8981 482 B8 ™ E R SR T BR AR [50] . AENLES NG BB G T IR OL T
ITAMLRE R AR PR R, R E R ZE . LA AN 83 336 6 B A 9 8 5 [49].

HAT, HTHLSABEEZER, PSRBT PSSP B MORA G I DRSS RfF AR B
Ast. I, WRTIFREEZH, UITRENE RGN, R fE E R R A @ sl
WNREIISEBE, FT XA RS MR RROR AT IR, RERBIRTHATT IR HEVERT 24[51] - XMt
FORAT B THESINLAS ABORAE PSSP R AN 2 N, IFif ORILAE IR AR SE B (1 — B hEATAT Sk . X T
JRORIEI X AN T BRI E X 3, HLAs NSO 51 RTRTGES AR T e BR 1 2 M Y IS R 3R
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Table 3. The basic characteristics of the research on robot technology for the treatment of PSSP

= 3. HBRALAIATT PSSP Mt BOEA4HIE
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Sl R el
S s T
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Rl 8 (1 . fﬂJ; ] = llzh,:‘j?ﬂ +‘\i‘)yﬁ>($)h IR
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R i, EHEIR TR SR (@B T I
il o AN 7 B
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SEIGAH: H LA
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3.4. ERIMIERIPSE (Virtual Reality and Augmented Reality)
B2 GRS M EF TR, ISRt FE o B JE RN T3 A Sh A M 2 e IR RIS Bl 1Rl (1 32 22
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WNZRTRI 0 52 B2 T 150 B8 4 I PR 25 BR[17] [52] [53] (L3 4) o 3KAKEE AT H R 3001 SHAR 3031 255 Bh
A R AT BhEh I 2R, FLAZEME PSSP, 45K, JAI7 3 i) VR T B #H R AR . JH T
TEBNE K Wolf PF5E &5 i T A T 4 [54] . 45 W REE NI RAUIR A VR 456 R IR IRTT
REAT BB R PR, SR EE TGN, o B ThRRTE 2, JRIEHE X WUV B 52 [55]. BRI
MIBE G IT 4b, Funao 258 ANFR S T — 1 A H i 5 35 7 H B 5 1 P D002 30 VR R Lm0 R R 5281,
26 v B8 L B JE 46 5 X R E AR e PSSP ] R A1 18T ) R [56] -

SESR I (AR) B AR AT H - Ge 6 15 01 SN LAE 1 i) kg 4070 A B St A AR AT AC B, 558 AT
BEREEILL(VR)AHE, AR B LR E/RE. BEEFHL. TR B AR RS %, HEMEE
BN b, A P R SR R AN KRR [52] . AR 5 —AME A2 BE S L8 & 78 38 24 (1 3R o
AHAT ORI BRI 2R, W BRIEIL S35 T AT Be TG 1 SE bR AU [17] [57]. H AT AR HAR C
TR M1 G A G B3 8 RGN A E R ThRERIEYT[58] [59]. HAT, AR 1E PSSP 43 ¥ B H:AT 7
UEFE /D, (B HOURR O 350 HLAE R vk PSSP M S IIZ s ] . A B RN Th REME G 307 T B oA 5 KW /7.

FERK, AR B B ALK S B Y PSSP fif iR EZ BT IR ST 75 5 -

Table 4. The basic characteristics of the research on virtual and augmented reality therapy for PSSP
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3.5. B&##EO(Brain-Computer Interface, BCI)

A LH22 1 (BCI)#2 il (1) D et LI (FES) T R M R E HR, 2R 3 2dEid BCI Wl K
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Table 5. The basic characteristics of the research on brain-computer interface for PSSP
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Table 6. Comparison of non-invasive techniques for treating PSSP
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Table 7. The PSSP treatment plan under the sequential integration model
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