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Abstract

Objective: This study aimed to evaluate the effect of conventional rehabilitation combined with Me-
chanical Digitorum Sensory Stimulator (MDSS) on upper limb motor function and cerebral cortex
activation in stroke patients with hemiplegia, and to analyze the blood oxygen metabolism charac-
teristics of relevant brain regions by functional near-infrared spectroscopy (fNIRS). Methods: A to-
tal of 40 eligible stroke patients with hemiplegia were enrolled and randomly divided into the ex-
perimental group (conventional rehabilitation + MDSS) and the control group (conventional reha-
bilitation alone), with intervention for 2 weeks. The Fugl-Meyer Assessment-Upper Extremities (FMA-
UE) and Modified Barthel Index (MBI) were used for efficacy evaluation. Meanwhile, fNIRS was ap-
plied to monitor the hemodynamic changes in key brain regions, including contralesional Prefron-
tal Mo-tor Cortex (cPF(C), ipsilesional Primary Motor Cortex (iM1) and ipsilesional Prefrontal Cortex
(iPFC). Results: After intervention, the FMA-UE and MBI scores of both groups were significantly in-
creased compared with those before intervention (P < 0.05), and the scores of the experimental group
were significantly higher than those of the control group (all P < 0.05). fNIRS detection showed that
there were no statistical differences in blood oxygen concentration in iM1, cPFC and iPFC between
the two groups before intervention (P > 0.05); after treatment, the blood oxygen concentration in
the above brain regions of the experimental group all increased significantly (P < 0.05), while in the
control group, the blood oxygen concentration in iM1 and cPFC increased significantly (P < 0.05),
and the blood oxygen concentration in iPFC increased compared with that before treatment but had
no statistical significance (P > 0.05); inter-group comparison showed that the post-treatment blood
oxygen concentration in the three brain regions of the experimental group was significantly supe-
rior to that of the control group (P < 0.05). Conclusion: MDSS combined with conventional rehabili-
tation may improve some aspects of upper limb function as measured by the FMA-UE score and the
MBI score, and affect hemodynamic activity in relevant brain regions in stroke patients. However,
given the limitations of this study, including the short intervention duration and the single stim-
ulation site, the long-term efficacy and underlying mechanisms of MDSS require further investi-
gation.
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GRS« TGRSR R I R R [3] 0 IR AR FH (i ) 1 12 89770 . Bobath VA E AR FB, EAE
HWoUeE S shuife, B EERMNES ZEATE . 78R 2 F 5 OR S 1A i[4] [5].

R BIRITRREE NI ARG SN 72, HA Rood HiAEI £ AUt N #1230 Th
RE, ONIGPRIZHE 7 EZEE[6] [7]. ANURRRLLOT R ML 5 0 H I R (MDSS), 37 P i o o) 48
FF ATl A T 12 A ATUARE 3347 T . 5 Rood 5 AR FI] i v iy A A i35 2l 3 il (0 B AHALL, MDSS 75
T AR R A XA R TE S, T 2R R R Y R T PR B 8]

ThAREVE R LR A% (FMR 1) A IE FL 7 5 W7 2 4138 (PET) S B AR AE I 26 p e A R R N DT 32, (HARAE
WARE, WREORE . 5283 TS m 8, M DAY SN2 S 70 b S 4 i % 3 2240 [9] . AH
Fbz R, DOREPEIT 20N B R (INIRS) SEME L AITE . PLBsh THRRE 758 MHIBVELE . B BR S 3,
AT 3 A I A2 A 4T B 1 (HbO) 5 i 480 21 2 1 (HbR) MR FE AR Ak, 7 20U i Jiz J2 i A 2% s R 25 [10],
RIS FR RE AT R 2 PR SR AR T AT ) T [11]. AR, ENIRS JRAELE [ 47 J= BR 1, A FE IR B AT PR
23 (B 43 HE AT MR JCy2: BB R G X (R 35 3« 27 6 25 et 90 B 15 1 RS 55, AN 03 INIRS
HAR, RGIUEE MDSS 101 i 2% A 5 38 K i g 2 DG DX S i A 2, LI PR B F A o 40 2 3 2
WA

2. ZINEH*E
2.1, —REER

K G*Power ¥fF(v3.L9.2) M HREAR[12]. L) FMA-UE N H4E Rikhs, 50 i M AT R
N 36 i, HEEL 2024 4E 5 H % 2025 4 5 A ki 43 Bk A b, o 3 6 RIAC & R R ARSI R VR
S 40 19 5E BT TLAINGE 0T

2.1.1. SHRFRE
Fr AT g YA (P G 2R P BB VAT R (2011 52 4R) ) R A T AH SE 2 bR uE[13], HL& Sk CT
oY, MRI A8 2 4E S A i H i s A A 5E

2.1.2. PANERE

(1) 4% 40~80 % (2) WifE < 14, BRAETEMAAH L (3) TOHEMI . JMAIREEMNEME R
G s (4) INEIZKFIER (MMSE 43 >21 43) [14], Ret BRI FPATAES 184 (B) RN, (g0 4
TIEgh fE g (6) & T &R FHRGSHELART; (7) BE AHFERESS5RK I E 51
FaH; (8) 43k CT 8t MRI BIRfAS th 2R K bk Air B o

2.1.3. HEB&HRIfE
(1) I JE B A g5 A ml A rP AR R 628 s (2) AR . S5A% . T T 3T 45 AT BE e B RUR B
N B, 3) AEESFENERRPE.

2.1.4. BIBRSHREE

(1) BETHURMEZ(GERZE <80%); (2) T U AR H IS AW « S Y25 ™ B I ROE: (3) Ttk
NE, LikeS 5,

BF LB TR 5t AR IR 2, R4 20 o WP IEAT AN IR 7 SRR T 7, AL R N
HRTREHIEIE D, EFERMEME R LG SR PEA. RRE. s s . W PRI e ) Sy A
¥ 7 Mini-mental State Examination (MMSE), P41k BERlL iR 2 R LG it24 2 (P > 0.05), EA At
PEo WL 1,
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Table 1. Comparison of general data of two groups of patients
1 MEBE—MRERLR

febr RIS (n = 20) R (n = 20) it P A
RN (24 8/12 14/6 %% =13.636 0.057
(%) 55.75 + 11.83 61.85 +10.29 t=-1.675 0.102
PR (H %) 15/5 13/7 7 =0.317 0.573
FRR(R) 35.5 (18.50~82.00) 26.5 (12.25~67.75) Z=-1.124 0.261

m L S, %) 14 (70%) 11 (55%) £ =0.784 0.376
BEIRIE S (H, %) 8 (40%) 6 (30%) 72=0.286 0.592
MMSE 24.05+1.54 24.60 +1.73 t=-1.025 0.311

T PARMEO /eI L AT, BENLIRZ PTG SEPR INIRS Hiodfs Ab BN O s 72 4 BR AR v £ 2 AT Be (R B G

22. MIRF*

PRI R 3 WU NG, k56 20 AE SRRl B3 m MDSS +75, AN 2 )4, £/ 6d,
BR 1R

22.1. BRREINL

(1) EEIT: © PR, @ #YTik@T 45°C~52°C); @ RINEHEINLE; @ A%,
(2) 1ENIRYT: B g el ARG aniae N Zr. UL EIIZs, S HEET T, SR 120 mine P4 H
Al —24LiET7 (>3 L) AT H R SR . I Ak — 5.

2.2.2. MDSS F&

(1) RIBLEBAL: PRIN/NEAE ST X FLhEE A BT fNIRS & 67 H 5 RN & iR TR ¢, szt
M SZPELT, ORI A B 2 v S /N R RAR

(2) MRIEARE (PVAS %): TTRT 1K, HIRERIRTT TR FH 8 AL 5 BEAUL - 23 (D AS) Hf 7 B v 2 3 1)
FIBE Ty BIE . MDSS £R3k B T /NG HRAR R, LIRS 38 3 77 Ut n e ) G 1Y 8 2 25 0.5 Nis),
W £ R R R, LS B E IR A B 3~4 43 (R EEFER) , 1035 1% K S B AR bR vt 9 (PR
A, N)o ZBELEEL TS —EH. FHTHREN, 8RB BRI EAE, &
MHEE R S AYERE 3~4 4y .

(3) TS : 2R RHLEHRALL, B EJEYERFDL R AT M. JERTTAME O°fERTE 15°~30°,
Jif G5 e il 70°~90°,  JiSGATHISAAL, IR -

(4) TFRFE: HWCR T Block 04T, A4 Block 4 10 s MDSS fE4575(TS, it hin 7 &
BT BN FIRAR) S 15s #EA(RS, 15 1I01#) . SR, JGI7ITRHA MDSS Xf AU/ FHIRAR
Tt TS A FINUAORIE, FF4E 10's; # RS BRI, B IR . AR TR B S8R 5
A Block fE¥r, 484 125s.

TRIT AR M i B T R A X R IRAZ, e 2 4 Block 10— K2 B AR EANE .. &8
HRE TR (PVAS > 2 0 BUR LR O 48 S B R N, WISZRPEE, FEARE JME (R R IN) S
HHFFUE 2401 Blocks SR AR TIAT %2, WLk HF .

2.3. WEEHE
AFRRE W, PP A BIRE T IHNLER >3 F)MSL 5, XTI HAE S . FMA-
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UE 5 MBI P2 — B )5, PP IMEIE N &4 2R

2.3.1. FEIERNIHRETTERE
K Fugl-Meyer EJRGZBhThAETE2[16], % B £ S JE 0152 5h ) T3 Th eSS 9 iR
WH, B33t 66 9, HAMEBMNE LEEsREKERERIE, WorlEitn ERsshshRg s .

2.3.2. BE4EBFEEDEDTE
K R Barthel $85(MBI), MA/MERH]. NN BAEL BEE. YRS o NEEVEAL B H o AE
REFy, BEEREI 100 70[17], W5 B ML A TEAE DR AE L, B R s HE AR S E AL SR

2.3.3. fNIRS &l 5 Hig b 12

AW TR £ 3818 fNIRS B4 5 % NirSmart (NirScan-6000A, FHHILGIEEST 2 iAT IR AR, FRE)F
EMDIREIE SN IE T . W R LA =FANE 3K (730 nm. 808 nm A1 850 nm), RAEHIH Ny
10 Hz, ] AG i 2 23 454 i 41 8 1 (HbO) Al 480 ML 21 28 14 (HDR) AR XTI A8 Ak . fNIRS SR AR Sk 3L T
10/20 [ Frbrie S L R 48 %11, ROI X 7043 Brodmann ik B¢ 2 Th g 5 7 M BEAE 25 thiz 51 JE 2 4 2% FNIRS
BT HEHAT i E[18]. S2IK ] 32 il fNIRS R45(16 N RSk, 16 MEUR:L), H4E Epr 10/20 £4;
BRI F 2 A T5 H b DX B Sk B X 3k [19] o AR AL B AR I 70 A7 BRI B84 X, K A6 00 X 45k
%7374 10 4~ ROL, BLFEXUN PFC, 14 Mid@iE . XU Pre-SMA (RiTig sl f J2 K& AfiBhig g [X), 4 MdiE. W
i M1, 4 ANEIE. XU ST (FIZARA R SE K2 ), 6 ANIE3E LA SMG (2 L[HT), 4 /MidiE.

BT MR IITE 22 B R R 2 56 B g = e e 82 R O P 228 s B0 30 AT . 7EIESRSEBRTT 4R AT, MDSS 41
2 5E S HUAR BOR B(MDSS) TREE G, ¥R 97 I e 5238 BRI G 48 2 58 U AT S5 . AlAT 1 K,
SR A2 R e il DR SR N I EARAIE 78 L BEAR . FNIRS B AR FE 2% . TR 22°C~25°CHEE FithfT. %R
HFE ENIRS KAk o 1E A AT, 3230 IR S 5 min J5 R4 3 min # 5 8%dE . b5 #4755 MDSS
T-FiAH F ) Block (5 MEFF, TS: 10s, RS: 1558), iCFAESSMIEEIEL. WE 1.

Figure 1. Implementation of mechanical digitorum sensory stimulator (MDSS)
B 1. SEhe R R (MDSS) R EE
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JE 46 fNIRS %45 K H NirSpark #H#-A7T HUALHE, B S ShrdE2E R{E 6. V&MY 0.5, B FE&IH(E
RS AN AR (0B, FEIR)Z 0.01~0.1 Hz H5 s sEs 225, TR Homer2 B i & iF
Beer-Lambert 4, Bt a S SN HOO IRIEH . NG MrksuE, A2 MIEERAN 2 b 28 L 80
BT B GRS DA BROH LE 247 )5 8243 1 [20]

24. GHEHE

K H] SPSS 26.0 5 NirSpark #cf41p 7] 73 #7 o 2L 38 B 42 Shapiro-Wilk IEAPERL: IES D A# L X 5
HEIR, AN TR ELBCR O AR 56, ZH0R] bL R MO REA t 1656 AFIES 04 LA M (Pas, P7s) 3
7~ PN e A Wilcoxon 575 BkA6: 56, ZH 8] B A Mann-Whitney U 16596 . 72878 & DUATBL (R B EL) R om
[21]. 5 FE S (i JWE 00 52 S0 7 J2 e B A% TR 24 IR R, P AL RN 23 A ER TC S8 it 25 52 (P = 0.057),
BT LA AR BN 5 42 INIRS HbO W Je AT N6 R 11 5 22 73 BT (ANCOVA) - DURZ IE4H 1) R
AT e R A o A A6 525 M BUE o = 0.05.

3. &R
3.1. FMA-UE #4458

T-FRT, Mgl FMA-UE $£4 lLEE B 3 1 2 7(P > 0.05). T-Hi)5, M4l FMA-UE ¥F7r %) 82 2 0565% (P
<0.05), HikmAm T, =5 BEA%i5 8 (P <0.05), W% 2.

Table 2. Changes of FMA-UE scores before and after intervention in two groups
Fz 2. P FMA-UE i EE R THETMH (X £s)

215 B1%(n) WRITHT RIT IR tfH P1H
I ZH 20 39.5 + 3.804 47.4 + 4,946 -12.418 <0.001
it B2 20 41.1+3.878 42.9 + 4,506 —2.932 0.009

t{H -1.675 2.252

P {H 0.102 0.030

3.2. MR Barthel 38(MB)&R

THAT, DI MBI W7 JE4E T 52 573 (P > 0.05) . T- 15, P41 MBI PF/r P 26 B 2 42 T1(P < 0.01);
HAREA MBI PP T IRAL, 257 B Giit =2 (P < 0.05). W& 3.

Table 3. Changes of MBI scores before and after intervention in two groups
= 3. MR Barthel #s B FFRATE T (X £5)

5 B1%(n) WRIT AT RIT IR tfH PH
I ZH 20 53.75 + 7.048 62.25+7.34 -8.794 <0.001
S HEAH 20 54.25 + 5.684 58.05 + 4.673 -4.914 <0.001
t{H -0.247 1.536
P {H 0.806 0.040
3.3. fNIRS

fNIRS A )48 A ML A1 8 (AR FE(AHDO,  Fifz: mmol/L)4s BB R, THipr, P4l iM1. cPFC.
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iPFC i [X AHDO ELi 70 B EMEZE T (8 P > 0.05). 6975, 364l cPFC. iM1. iPFC fi[X AHbO #5iA
ST AT B N3 P < 0.05); XTHEZ iM1. cPFC X AHbO %697 1 .3 3 hn(iM1: P = 0.041; cPFC: P

=0.044), iPFC i[X AHbO HG Y7 i A ¥ IME IS 5 5 (P > 0.05); ZH 81X b {7, 38 4H cPFC. iM1,
iPFC il X697 5 AHDO WL T X MEZH (3% P < 0.05). LK 2. % 4.

HRE: (A) RIS TR HbO ¥k AE: (B) RIZH TS HbO ik fE: (C) X MRALTTiAT HbO ¥KEE: (D) MR TS
HbO K. BUEMIR LR HDO WS (M2 Bai 14 58), PR 7R HbO R BEBAR (P 22 B Ik 55) -

Figure 2. Brain activation of two groups pre- and post-treatment (top view)

E 2. WLBIATT AN RAE R E R 2 E (R LE)

Table 4. Comparison of relative concentration of oxyhemoglobin (AHbO) between the two groups before and after treatment

(unit: mmol/L, X+5s)

4. FHBTTRAIE S 6 M EBAXRE (AHbO)ELEL (B : mmol/L, X+s)
i X 5 B (n) YRTTHT RIT)E tfH P1E
iM1 R 20 0.053+0.029  0.058 +0.044 2.937 0.008
Sof HEZH 20 0.031+0.033  0.040 +0.045 2.193 0.041
t{H -1.345 —-2.136
P 1 0.187 0.039
cPFC R 20 0.038 +0.029 0.057 +0.02 2.872 0.01
S HEZH 20 0.032+0.030  0.037 £0.019 2.152 0.044
t{H -0.591 -2.396
P{H 0.558 0.022
iPFC RIEH 20 0.039£0.038  0.049 +0.035 3.108 0.006
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it B2 20 0.030+0.036  0.037 +0.051 1.139 0.269
tfH —0.668 -2.099
P1H 0.508 0.043
T: AHbO TS A AHNT T # B R M A & L0 IR B AR, Sy mmol/L. HUE N IE R AT 55 A s 3 5L
HbO & & Tt 1
4. g

MDSS BX & KR 52 55 5l R 2 W] gk — A0 s i 25 b 38 FMA-UE D143 i & 138 40 B R D)
fie, [FIRF fNIRS 45 5 B Rik364 iM1. cPFC J% iPFC i [X HoO K RH BT+, #2275 MDSS 1] g 1 5%
R IZ ARG X TGS . 5 2R A2, HbO M BEARAY, 32 B S AT 25 25 Jmy i ML 48030 ) 2 e, =g
TSN GR I AR, ANRE RS [F] T4 ] A A B ) e R 5

ROl JEFE T A 518 3k R FE b Bt - 128 M 4% S B8 . M1 (Brodmann 4 [X) 24T H 3183
P X, HIIgekE S FOEahEe e % UIAHoS; S1 (Brodmann 3. 1. 2 [X) 4 51 4h i &
WS BB G, R R BT IZ S E LT . Pre-SMA 251281, B EAER K123 5
B, eI REEEEM: PFC WS S5E sl Bis AT AL & E R SEsH
M EHREE . A, SMG 25 B RRIE, Bt a KBNS, Bk, Fid ROl BEHEREmS 4
T Hh 2 B MDSS 175 5 R G NGB — 38 B X 28 J% 1 G0 B TR 28 IR 245 TR VS A 5 T

EREFH, IPFC XIS H B2 HbO 284k, 275 MDSS ] REAMY LM ) Bt iz ) [X bk, i8] Rl
I RTA N 2% 2 g3k S I R, i IR X B s E M E R IR B ST e L. iPFC 251
R BRI RS B A A d R . R s S ] YRS, AR )RR KR T E
HE ., FERrEr M AR DR EH . ABFFHEN, MDSS it gs T B0 F ks AU s fli, ]
R H S RRCBE S TR N N s JOE SR AR, A2t IPFC 2 5B 8 S AR LR AT . SR, IZHLEIT TR 4
B UIREIETE T TMS S5 4 A B R — D IGHIE .

MIERTF TSR E , W3 H FMA-UE PP & 0 T XA ZH, $&7k MDSS w] GeH A & MR E 2 A4
BIER o« S8R0 3 B S S R T I8 B R AE PR3l B firh 5 e e A ) v i N« rELR i
PN A TE, MDSS Sl MU T J 0 4 e 48 0 s X i AT RS e, BAA RIS EOTiR ., #AE
i, Jofs BHF F SN ERE S Bk, MDSS Hid&/F A N AT AR E AR, 54451187)
WG RCE AR, AR AR RS

TEE R A, X IR AL 52 AR S R AR B FMA-UE. MBI 143 A 3840 i X HbO Ty, XAl fig
HEMKE SR, BB E RS T 1 EBOE A K. K, MDSS 4L ARECT X HEZH 145
Ahieat, T BEARIILE L IO R A A L R 25 N, T IESE 4 B MDSS BBl AE

AWFFAEE LT R — AR RER/NE 20 ). Bl THUE %, LikiEE MDSS Kz
W73k =2 TNIRS 23 (B 0 HER AR MIR AT R, A2 2 2250 B HbO B4k, RkRighA HbR. ThRkidE
P X Z AP SR PR — P ) B MDSS {2 ki 4 R S e ML = AR /N8 FRAR
[18], ZieANRe B BTA Foa: MR AR T REEZ & v B 48 bR, SRR v B eI . ARk
AR R KBV, JF8E 2SI E AR EREE—B5IE MDSS 197 RS L .

5. &

AT fNIRS HiARYIP ML 2], MDSS Bt A i B &= ] 58 LG8 i 26 i % FMA-UE V173 B il &
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M8 EIBCDIRERT MBI PP 73, HRF B RS 38 B A ORIl XA 55 25 ML 4880 0 22 224K, iIPFC I W iE S 55 MDSS
THAR SR AP LA o RIS T R (. e atE R, BHRBRZERS . T AR
BT TURIA IR, A 500T RO T 5 3 — D I8k .

BA
KRG TR M E R AR B (5 . YX2022-089)
=

AT FE 2O SRR JE AAREARE ORI E | T H 28K (G T D RETEL LA BOR(FNIRS)
I HUBEAR B I8 58 R (MDSS) I fek e SN RO X 2% IR 3 E HTY « BTH 25 - 2024AH050032 3B

SE
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