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ABSTRACT Objective: To explore the effect of feedback functional electrical stimulation on motor function of upper limb in pa-
tients with cerebral infarction by functional magnetic resonance imaging (fMRI), and to provide the best treatment plan for patients with
cerebral infarction. Methods: Selected 42 cases of patients with cerebral infarction who were treated in our hospital from January 2010 to
December 2014, and were randomly divided into I, II, III group, with 14 cases of patients in each group, 3 groups of patients were treated
with conventional rehabilitation therapy and drug therapy, based on that, I group were treated with feedback functional electrical stimula-
tion, and II group were treated with simple functional electrical stimulation, the course of treatment was 28 days. Evaluated the upper
limb function by Fugl-Meyer motor scale and measured the degree of activity of the wrist, and checked the intensity of activation of M1
in the brain of patients by fMRI. Results: The motor function of the patients in 3 groups were improved than before treatment, Fugl-Mey-
er motor scale score and measurement results of wrist joint activity showed that the measurement results of I and II groups were signifi-
cantly better than the III group, and the I group was significantly better than the II group, the differences were statistically significant(P<0.
05). Compared the intensity of activation of M1 in the brain of patients, the I, II groups were significantly better than the III group, and
the I group was significantly better than the II group, the differences were statistically significant(P<0.05). Conclusion: Functional electri-
cal stimulation in the treatment of patients with cerebral infarction is helpful to the rehabilitation of impaired brain function, and the feed-
back of functional electrical stimulation of human subjectivity movement, which is better than simple electrical stimulation.
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Table 1 Comparison of the upper limb of the Fugl-Meyer motor scale of the patients before and after treatment (Score, Xt s)

Groups n Before treatment After treatment
Group I 14 50.32+ 5.32 58.44+ 3.55%
Group II 14 46.43+ 8.65 53.63+ 6.54™
Group 11T 14 48.53+ 2.66 51.67+ 5.77°
F 1.440 5.750
P 0.248 0.006

Note:Compared with before treatment, ‘P<0.05; Compared with the III group, °P <0.05; Compared with the II group, P <0.05.
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Table 2 Comparison of activities of wrist dorsal flexion of the patients before and after treatment (xt s)

Groups n Before treatment After treatment
Group I 14 3341+ 13.23 56.43+ 10.32%
Group II 14 26.43% 9.65 45.32+ 4.86™
Group III 14 35.46+ 11.87 38.65+ 13.64°
F 2.300 10.720
P 0.114 0.000

Note:Compared with before treatment, “P<0.05; Compared with the III group, *P <0.05; Compared with the II group, P <0.05.
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Table 3 Comparison of the activation intensity of the M1 region of the unilateral brain of patients before and after treatment (xt s)

Groups n Before treatment After treatment
Group I 14 7.43+ 0.94 12.58+ 0.78abc
Group II 14 7.66+ 0.92 8.94+ 1.46®
Group IIT 14 7.57+ 1.12 9.59+ 0.17°
F - 0.190 57.170
P - 0.829 0.000

Note: Compared with before treatment, P<0.05; Compared with the III group, P <0.05; Compared with the II group, °P <0.05.
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A:1 group of before treatment B: I group of after treatment
F: I group of after treatment

E: Il group of before treatment

C: 1 group of before treatment D: I group of after treatment
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Fig.1 The fMRI of brain activation area of patients in 3 groups

3 9Tt

DB Fh R B B 2 R 0 4 o A
36T 7 Bk, Kim JH BF 52 % B0 R S8 T LA e i 46 40
HEIRE T RGE SR, T LR G 5e HE R 7 AR L, AR
TAHRESEAL )32 B 25 B RSP E P, ELIR A e PR B 3 R
S B AT B2 PV PR o EMIRT A o e 132 137 FH %)
FRAEZE HB 50K 5 0 A G 2 S0 19 0 4 B P02, EMIRT B )
S R R T T TR B SR B S R T B

AR, R NI A Jey PR ERSE )78 A7 R EMIRTAG I 2K A
BT S E AR, T A s s, fha b 2
i L S AR AR AL AR A, IR S AR LS 5
(4728 Bl T FE S TG T R ™ A — N O 5 L R
ARSI, S AR P 25 1) B AN iz 3y B = 2 Al b
il BRI AR, R H ET R RIS S D RE LG B TR 1Y
K71k . Gibbons RS BFFEHERHE AR, IRHEAE ¥ _E iz 2l
DBETERIE K W) Gz 3l IX M1 X 32451, IMRI [ 60 vtk
ML XN BEIE B B0 o O 58 0936 77 7 X8 AT 55 -



58 - DREYES#HE www.shengwuyixueccom Progressin Modern Biomedicine Voll17 NO.1 JAN.2017

Chisholm AE #IF5¢ % 8 7, {509 -4 n] LIS £ 2 AEX
M1 HUR R IR T3 shiflis 2z s X, N FHE &R T T
#F 50%1i5 3l , U WFFE LIRHE X iz 3o 3.

ISR v T ZEUR I 2 4R TS RETE RO T L A TR,
BIT I 1410 11 4109 Fugl-Meyer iz 89 fig 2 1F40 5 iy i
KAV SR L T A AR R p s, i 1285 PP
I SR 5 T 104, SR 2 R st R v A e 2
SR L W S AR AT IS, R A S LR ZERE B
SR HEAT L SC A A4 ] Py B8 S8 2 AT 2 8l 8, RN 3z 3
FRXAY A . Wang T ABRIFFEAE" , 3 ad 64T D RE I H A T
VAR Sh U REZ AN I HESZ 1B . Hashimoto Y #F5E & BL™,
S A5t AR P H SR RT ATy A ) A o s a8 SRR T k.
7 b3t 2R vp iy B 45t X S RE A ri AR & A B RE ) A3
YT ShEE A AR E S LIEHGEARRT . Wang K AR5 A B,
I EMRT & SRR FE 82 (R X sk 2x B 4 2 S D RE Y
PR GR AR, S X R E 2 R o 3 5 IR S
fMRI LS R—5, IE 1 ATRLE T IATFRT, B T T
Tz S, s DXz, A b B Bk SO B4
AIREH I T MR, 1 R R G A S PR R A2 4 S
W T3z s YRR EER e T4l fe O BRI BRI RE T
WA ATRE R SR R P e T HAR A4 S o TR
I S NN K 22 M, 52404 TN e B2 PR A2 %
Y, PRI AEH R 22 TPRX DI RE , DT S 735 B80S DXt T B AR
Xof T, U0~ R A P L2 i

Zi bRk, HORPTFEIE I MRS INIE] B i etk i
SR T A 25T B AR AL 8 K S R 2 A5 138 Bl X M B
&, B B RGEshThRem R e . ATTERAESE R )z
o

& # 3L #k( References )

[1] Hotson G, McMullen DP, Fifer MS, et al. Individual finger control of a
modular prosthetic limb using high-density electrocorticography in a
human subject[J]. J Neural Eng, 2016, 13(2): 026017

[2] Zhang JS, Zhang BX, Du MM, et al. Chinese preparation Xuesaitong
promotes the mobilization of bone marrow mesenchymal stem cells in
rats with cerebral infarction [J]. Neural Regen Res, 2016, 11 (2):
292-297

[3] Naess H, Kurtz M, Thomassen L, et al. Serial NIHSS scores in patients
with acute cerebral infarction [J]. Acta Neurol Scand, 2016, 133(6):
415-420

[4] Tan DW, Schiefer MA, Keith MW, et al. Stability and selectivity of a
chronic, multi-contact cuff electrode for sensory stimulation in human
amputees[J]. J Neural Eng, 2015, 12(2): 026002

[5] Danner SM, Hofstoetter US, Freundl B, et al. Human spinal locomotor

control is based on flexibly organized burst generators [J]. Brain,

2015, 138(Pt3): 577-588

[6] Erkens M, Tanaka-Yamamoto K, Cheron G, et al. Protein tyrosine
phosphatase receptor type R is required for Purkinje cell responsive-
ness in cerebellar long-term depression[J]. Mol Brain, 2015, 8(1): 1-13

[7]1 Savi¢ AM, Malesevi ¢ NM, Popovi ¢ MB. Feasibility of a hybrid
brain-computer interface for advanced functional electrical therapy[J].
Scientific World Journal, 2014, 2014(6): 797128

[8] Christensen MS, Grey MJ. Modulation of proprioceptive feedback dur-
ing functional electrical stimulation: an fMRI study [J]. Eur J Neu-
rosci, 2013, 37(11): 1766-1778

[9] Chu JU, Song K, Shon A, et al. Feedback control of electrode offset
voltage during functional electrical stimulation [J]. J Neurosci Meth-
ods, 2013, 218(1): 55-71

[10] Vugkovi¢ A,Wallace L, Allan DB. Hybrid brain-computer interface
and functional electrical stimulation for sensorimotor training in par-
ticipants with tetraplegia:a proof-of-concept study [J]. J Neurol Phys
Ther, 2015, 39(1): 3-14

[11] Kim JH, Lee BH. Mirror therapy combined with biofeedback func-
tional electrical stimulation for motor recovery of upper extremities
after stroke: a pilot randomized controlled trial [J]. Occup Ther Int,
2015, 22(2): 51-60

[12] Buhmann H, Nocito A. Update on fecal incontinence[J]. Praxis(Bern
1994),2014, 103(22): 1313-1321

[13] Murphy JO, Audu ML, Lombardo LM, et al. Feasibility of closed-
loop controller for righting seated posture after spinal cord injury[J]. J
Rehabil Res Dev, 2014, 51(5): 747-760

[14] Grahn PJ, Mallory GW, Berry BM, et al. Restoration of motor func-
tion following spinal cord injury via optimal control of intraspinal mi-
crostimulation:toward a next generation closed-loop neural prosthesis
[J]. Front Neurosci, 2013, 8(3): 296

[15] Kartik M, Rao MS. Correlation of measurement of optic nerve sheath
diameter with ultrasound and magnetic resonance imaging[J]. Indian J
Crit Care Med, 2016, 20(2): 126

[16] Gibbons RS, Shave RE, Gall A, et al. FES-rowing in tetraplegia: a
preliminary report[J]. Spinal Cord, 2014, 52(12): 880-886

[17] Chisholm AE, Peters S, Borich MR, et al. Short-term cortical plasticity
associated with feedback-error learning after locomotor training in a
patient with incomplete spinal cord injury[J]. Phys Ther, 2015, 95(2):
257-266

[18] Wang J, Gao D, Li D, et al. Theta-gamma coupling reflectsthe inter-
action of bottom-up and top-down processes in speech perception in
children[J]. Neuroimage, 2014, 102(Pt2): 637-645

[19] Hashimoto Y, Ota T, Mukaino M, et al. Functional recovery from
chronic writer's cramp by brain-computer interface rehabilitation:a
case report[J]. BMC Neurosci, 2014, 15(1): 103

[20] Wang K, Terrar D, Gavaghan DJ, et al. Living cardiac tissue slices:
an organotypic pseudo two-dimensional model for cardiac biophysics

research[J]. Prog Biophys Mol Biol, 2014, 115(2-3): 314-327



