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Evaluation of the feasibility of 4-channel functional electrical stimulation for treating sequelae

of cerebral ischemic stroke using magnetic resonance diffusion tensor imaging

PAN Tongliang, ZHANG Xianliang, WANG Yachao, HU Chuan, WANG Xin
Shandong Provincial Third Hospital, Ji'nan 250000, China

Abstract: Objective To evaluate the feasibility of 4-channel functional electrical stimulation (FES) in the treatment of
cerebral ischemic stroke sequelae using 3.0T magnetic resonance diffusion tensor imaging (DTI). Methods Patients with the
sequelae of cerebral ischemic stroke who were admitted to Shandong Provincial Third Hospital from February 2020 to
November 2022 (n=100) were enrolled and divided into two groups at a ratio of 1:1 according to random numbers generated
by Excel. Besides routine rehabilitation training, observation group was given 4-channel FES to stimulate the quadriceps
muscle, tibialis anterior muscle, gastrocnemius muscle and hamstring muscle of the affected lower extremity by simulating
the time series of muscle contraction of normal subjects when walking; while control group was treated with dual-channel
FES, with electrodes placed on the muscle points of the tibialis anterior muscle and peroneus longus and brevis muscles of the
affected lower extremity for stimulation. All patients received 3.0T MRI before and after treatment, and the relevant DTI
parameters were recorded and compared. Meanwhile, Berg balance scale (BBS) and Fugl-Meyer assessment scale for lower

extremity (FMA-LE) were used to evaluate the therapeutic efficacies in two groups of patients with the sequelae of cerebral
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ischemic stroke. The correlation of BBS/FMA-LE score with DTI parameters in observation group was also discussed.

Results After treatment, both FMA-LE and BBS scores of control group and observation group showed increasing trends,

and the increases in observation group were more obvious (P<0.05). After 2 weeks of treatment, compared with control

group, observation group had higher FMA-LE score, BBS score, fractional anisotropy (FA), average diffusion coefficient

(DCavg) and volume ratio anisotropy (VRA), but lower exponential attenuation (Exat) (all £<0.05). In observation group,

FMA-LE score was positively correlated with FA, DCavg and VRA, but negatively correlated with Exat; while BBS score

was positively correlated with FA and VRA, but negatively correlated with Exat, and had no significant correlation with

DCavg. Conclusion DTI can be used to evaluate the therapeutic efficacy of 4-channel FES on the sequelae of cerebral

ischemic stroke, and its parameters are significantly correlated with BBS score and FMA-LE score, suggesting that MRI can

assist doctors in understanding the correlation between neurological impairments and neuropathological changes, and provide

reference for accurate assessment of prognosis and formulation of individualized rehabilitation program.

Keywords: magnetic resonance; diffusion tensor imaging; 4-channel functional electrical stimulation; cerebral ischemic

stroke; sequelae; efficacy evaluation
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Table 1 Comparison of baseline date between two groups

215 n W% MR BT BUke-m? AR BRI [E]/d M
e A
XTHRA4L 50 60.55+4.52 33/17 21.55+1.85 38.44+5.85 19 31
WML 50 60.82+4.18 30/20 21.44+1.56 38.13+5.41 24 26
at 0.310 0.381 0.321 0.275 1.020
PAH 0.757 0.534 0.749 0.784 0.313




- 984 - o B A P A R R H 4185
1.2 A% Z I (VRA) B35 %0 (Exat) . UL FRTA S50

P BB e AAL)E B e iR AT 3k M MRLAS 4, 9
18 1 Berg “F-fif 1 £ (BBS ) 1 3¢ M Fugl-Meyer | 11
RETT A & % (FMA-LE) X T i Dy fig S - 7 647 W00
5. I T 2R G A N Sk, AL e AR 25 5 1)
r AR DIREIN R AR NIRYT ARG B TR YT 5E
HAUINZR R RO 25

MRER A AE I AR 25T U338 FESIRYT , BEHUR
D R NSy N N M S e R 7 A et
RO 2 YR LT 25 G A T X AR VEAR S
TR, ELARAS P Ak i R A5, TR S R RR T i, AR
oM 30 Hz, Pk e 58N 200 ps, 1778 RWE N 5 s, 2%
B T L A 8 B AR I KN 32 oM 1k o IR [E]
30 min/IK, 5 W/ RREE2 T 2 101K .

X HRZH 7R I LAl | 4257 5 UL % 4 [l — FES R YT
ASCRUH 8 FE e X, R BT RN A A R R
WL, T A Sk AL JHE Az UL T 23 L 3 e BT PR A A <2 gt ol
o 1097 2 A , FIREETT BBS M Fugl-Meyer T 1T
FE , Tl RE L IR N P AL VAT R A TP o
1.3 WZIEHR
1.3.1 MABRETHINERFEIEEILER TGS
i FMA-LE e R T IPAE i RE S 17400 H %
i 0~2 53, 4543 18 o I TA R Pk A2 R i), P4 1 g il
it BBS R HATIEAN , mRAT 1440 H |, 451 0~4
ey =N e S
1.3.2 MRIF$ R 3.0T SRR, VB 8 % B
i EM L, A7 8 R RS A, AL B Bl A7 L T, WL T,WI,
FLAR I LA KRR T T WL TSI . DTIAGEE : 3R
FH V1T 030 A3 34 04 3 A S T - i K AL
TSk SR A5 1L 4E, 280 E : TR=12 000 ms, TE=
87 ms, fLHT : 240 mm=240 mm, 4[4 : 128128, )2 E .
3 mm, 20 : 1.5 mm, JZ2 5044, 76 15407 10 D 25
HOR R SR SEAH 56 R 80, b AE A 800 s/mm? , 6 i s} 1] £
160 so EUGALBE 4 Fir 5 K A S 8015 3% 2 ADW TAE
v b, 2% DWI-BO K], U N 1) DT 51 244,
YL SR 45 ) SRR B (FA) SRR #0(DCavg)

M A Bg 270 3 44 TARAEBR 5 4F LA i B3R BRI g g
TEANIC S AP 19 FA \DCavg . VRA & Exat 25,
1.4 GitZEFHiE

i FH SPSS24.0 A {4 b #EEL I , 45 & IE A A Y
T GOR A B bR E 22 320K SR FH e K 30 5 AP R
PISTEL (n) V505 (%) T, R X2 K56, WLE 41
FMA-LE. BBS it 4> 5 DTI £ %t i 40 ¢ M, R
Pearson fHM 0. P<0.05 WESA G HFE XL,

2.1 F4HEE FMA-LE.BBSiE4 LL i

B 4H 5 WAL 2H IR T I 1) FMA-LE . BBS 1434
S E TR, FOWE AT B (P<0.05) 51377 2
JE G, WLEZ 20 £ (1 FMA-LE \BBS P43 5 T %t B4
(P<0.05). W#2.

#2 H4AEE FMA-LE.BBSiFH LR (75, 47)
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Table 3 Comparison of DTI parameters between two groups (Mean+SD)

FA DCavg VRA Exat
gﬁ%u n > VN > > VN > > SRV > > VN >
JRYT RIT 2 R E JRIT RIT 2 R A YRYT R RIT 2 JH A YRIT R YRIT 2 AR
XFHRZE 50 0.24+0.09 0.36+0.13 1.97+0.42 3.06+0.62 0.34+0.10 0.62+0.09 0.64+0.21 0.42+0.12
WE4 50 0.23+0.12 0.44+0.10 1.99+0.68 3.36+0.36 0.31+£0.13 0.74+0.13 0.65+0.13 0.39+0.17
i 0.471 3.449 0.177 2.959 1.293 6.367 0.286 1.019
P 0.638 0.001 0.860 0.004 0.199 0.001 0.775 0.311
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Table 4 Correlation of FMA—LE/BBS score with DTI parameters

FMA-LE BBS
215
r P r P
FA 0.556 0.016 0.567 0.015
DCavg 0.551 0.019 0.411 0.410
VRA 0.494 0.024 0.511 0.031
Exat -0.551 0.010 -0.498 0.030
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