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Preliminary Study on Effect of Motor Imagery Combined
With Low-Frequency Pulsed Electrical Stimulation Therapy
on Upper Limb Function of Young Stroke Patients

Yufeng Wang?, Na Chen?, Jun Chen?, Xiang Li%, Li Sun?, Yi Bao®

Abstract

Background: To observe and explore the clinical effect of motor im-
agery therapy (MIT) combined with low-frequency pulsed electrical
stimulation therapy (LFPEST) on improving upper limb function in
young stroke patients.

Methods: Eighty-one young stroke patients with hemiplegia were di-
vided into MIT group, LFPEST group and combined treatment group.
Fugl-Meyer assessment (FMA), functional test hemiplegic upper ex-
tremity (FTHUE) and modified Barthel Index (MBI) were used to
evaluate the upper limb function and activities of daily living before
and 6 weeks after treatment.

Results: After treatment, the FMA score, FTHUE grading and MBI
score of the combined treatment group and the MIT group were sig-
nificantly higher than those of the LFPEST group (P < 0.05), and
the curative effect of the combined treatment group was significantly
higher than that of the MIT group (P < 0.05).

Conclusions: MIT combined with LFPEST has more obvious cura-
tive effect than LFPEST and MIT, which can significantly improve
the upper limb function, hand function and daily living ability of
young stroke patients with hemiplegia.
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Introduction

Stroke is a disease with high mortality and disability rate. With
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the continuous improvement of diagnosis and treatment tech-
nology, the mortality rate of cerebral infarction has decreased,
but the disability rate remains high [1-3]. In the process of limb
dysfunction recovery after stroke, hand function recovery is
slow, which directly affects the ability of daily life and quality
of life of patients; and long-term disuse will lead to muscle
atrophy of hands [4, 5]. In recent years, with the aggravation
of China’s aging population and the change of lifestyle, the
incidence of cerebral infarction is on the rise. To make matters
worse, there are more and more patients with younger age [6,
7]. Therefore, it is particularly important to actively seek treat-
ment means to promote the recovery of upper limb function in
stroke patients.

Motor imagery therapy (MIT) is an emerging and popu-
lar treatment method. Its principle is to consciously simulate
and train a hypothetical action through the brain, and activate
a specific area in the brain according to the motor memory,
so as to achieve the purpose of improving motor function [8,
9]. Studies have confirmed that motor imagery does not de-
pend on the residual function of patients, but is closely related
to active movement. With the development of rehabilitation
medicine, MIT has become an important strategy for exercise
function rehabilitation, and is gradually applied to the recovery
of upper limb function in stroke patients [10, 11]. Low-fre-
quency pulsed electrical stimulation therapy (LFPEST), also
known as neuromuscular electrical stimulation therapy, mainly
stimulates the relevant nerves and muscles by electric current
to produce passive contraction and promote the recovery of
damaged neuromuscular functions [12, 13].

In the past research, there are many reports on limb re-
habilitation treatment, but the hand rehabilitation treatment
always focuses on manipulation, and the clinical effect is not
good. In this study, motor imagery combined with LFPEST
was used to treat young stroke patients. The recovery of upper
limb function was observed and a certain curative effect was
achieved, which provided the basis for exploring new clinical
treatment approaches.

Materials and Methods

This is a clinical prospective study. No biological specimens
were used. The study was approved by the Taihe Hospital Eth-
ics Committee, and was conducted in compliance with the eth-
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ical standards of the responsible institution on human subjects,
as well as with the Helsinki Declaration.

Research object and grouping

Selection criteria included: 1) It is in accordance with the lat-
est diagnostic criteria of acute ischemic stroke [2], ischemic
stroke resulting in arm and hand weakness; 2) The age of on-
set was less than 50 years old; 3) Within 1 month, the disease
was relatively stable with clear consciousness and no cognitive
impairment; 4) There was hemiplegia of upper limbs; 5) The
modified Ashworth Scale (MAS) score of upper limb elbow
or wrist flexor was < 1 without taking antispasmodic drugs;
6) The revised version of kinesthetic and visual imagery ques-
tionnaire (KVIQ) score > 25; 7) National institutes of health
stroke scale (NIHSS) score > 4; 8) Mini Mental State Exami-
nation (MMSE) score > 18; 9) Informed consent of patients
was obtained.

Exclusion criteria included: 1) Severe heart, liver, kidney
dysfunction and other diseases; 2) Increased intracranial pres-
sure or acute large area cerebral infarction, bleeding tendency;
3) There are metal parts implanted in the body, such as cardiac
pacemaker; 4) Severe aphasia; 5) Hamilton Depression Scale
(HAMD) score > 7; 6) Pain and limitation of upper extrem-
ity joints caused by various diseases, such as contracture or
deformity of the upper extremity, subluxation of the shoulder.

From May 2017 to October 2019, a total of 81 stroke pa-
tients with hemiplegia who met the above criteria and were ad-
mitted to the Department of Neurological Rehabilitation, Taihe
Hospital affiliated to Hubei University of Medicine were se-
lected, all under the age of 50. According to the random num-
ber table, they were divided into MIT (27 cases), LFPEST (27
cases) and combination therapy group (27 cases).

Basic treatment methods

All patients received basic treatment: conventional drug thera-
py, routine rehabilitation training and traditional therapy (acu-
puncture, massage, etc.) twice a day for 45 min, 6 days a week
for 6 weeks.

Conventional drug treatment

Conventional drug treatment included anti-platelet aggrega-
tion, lowering blood lipid and stabilizing plaques, improving
blood circulation, nourishing nerve, scavenging oxygen free
radicals, promoting collateral circulation establishment, etc.

Routine rehabilitation training

The therapist selected the following rehabilitation training ac-
cording to the patient’s functional impairment: the placement
of good limbs on the bed in the early stage; passive movement
and stretching therapy of affected side limbs; the non-hemiple-
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gic side drives the hemiplegic side mainly with grinding board,
roller and inserting rod training from coarse to fine; daily liv-
ing ability training (including dressing and undressing, grasp-
ing, housework, eating with chopsticks, combing hair with
comb, etc.).

Group treatment methods

On the premise of basic treatment, the three groups were given
LFPEST, MIT and LFPEST combined with MIT respectively.

Treatment of LFPEST

Low-frequency pulse electrical stimulation was performed
with PHYSIOMED CEI275 low-frequency therapeutic appa-
ratus (Germany). In sitting or supine position, 75% medical
alcohol was used to degrease the local skin. Circular electrodes
with a diameter of 2 cm were placed on the abdomen of the
muscles related to the upper limbs of hemiplegic patients. The
positive electrodes were placed on the back of the wrist, and
the negative electrodes were placed on the extensor carpi radi-
alis longus and brevis, abductor pollicis brevis, flexor pollicis
brevis, opponens pollicis, and adductor pollicis. Treatment pa-
rameters: the waveform is a double symmetrical square wave,
frequency 40 - 80 Hz, pulse width 200 - 500 pS, intensity was
10 - 30 mA, continuous treatment for 3 - 15 S, resting time for
6 - 75 S, the intensity should cause wrist joint back extension,
and the patient can tolerate it. Low-frequency pulse electrical
stimulation was performed twice a day for 20 min for 6 weeks.

Treatment of MIT

The patient relaxed in a quiet environment, took the sitting posi-
tion, and the height of the table top was suitable for the patient’s
comfort. The occupational therapist explained and demonstrat-
ed the whole imaginary movement process, the exercise tasks
included fist holding extension, wrist joint back extension and
flexion, thumb and index finger opposition movement, thumbs
up, make the “OK” gesture, holding the pen, grasping the ball,
moving the wooden stick, pouring water from the cup, trans-
ferring the marbles with the spoon, etc. First, let the patient
complete the specified action with the healthy side upper limb,
so that the patient can master the correct movement mode and
repeatedly imagine the specified action process. Guide the pa-
tient to imagine the movement, and focus all attention on the
affected side of the body. After completing one exercise, relax,
and then the patients exercise again, repeat 10 - 20 times. Dur-
ing the treatment, pay attention to the patient’s safety, avoid high
tension and increased muscle tension; and the patients exercise
twice a day, 40 min each time, 6 days a week for 6 weeks. Dur-
ing the treatment, the therapist can gradually increase the diffi-
culty of the task according to the functional status of the patient.
If the patient has discomfort symptoms such as pain and fatigue,
which makes it impossible to carry out normal exercise training,
the training must be terminated immediately.

www.neurores.org 55



Effect of MIT With LFPEST on Stroke Patients

J Neurol Res. 2021;11(3-4):54-59

Table 1. Comparison of General Data of Patients in the Three Groups When Enrolled

MIT group LFPEST group Combination therapy group

Number of cases (n) 27 27
Gender (n)

Male 15 15

Female 12 12
Age, mean + SD (years) 44,74 £ 9.25 4548 £7.93 44.96 +8.32
Course, mean + SD (days) 4.11+2.08 3.67+1.92 3.55+1.89
Hemiplegia (n)

Left 11 12

Right 16 15

There was no significant difference among the three groups. MIT: motor imagery therapy; LFPEST: low-frequency pulsed electrical stimulation

therapy; SD: standard deviation.

Combination therapy

On the basis of MIT combined with LFPEST, the treatment
method and duration were the same as those in the MIT group.

Evaluation method and index

The upper limb function and activities of daily living (ADL)
were assessed by the same professional trained rehabilitation
assessor before and 6 weeks after treatment with Fugl-Mey-
er assessment (FMA), Hong Kong version of functional test
hemiplegic upper extremity (FTHUE) and modified Barthel
Index (MBI).

FMA score

The Fugl-Meyer scale upper part (FMA-UE) was used to evalu-
ate the motor function of the patient’s upper limb, including re-
flex activity, flexor joint movement, extensor joint movement,
activity with joint movement, separation movement, reflex activ-
ity detection, wrist stability, hand movement, hand coordination
and speed detection, a total of 33 evaluation indicators. Each item
is scored according to three levels (0 - 2 points: 0 points means
that cannot be completed, 1 point means partial completion, 2
points means complete); the full score is 66 points, the higher the
score, the better the motor function of the patient’s upper limbs.

FTHUE grading

Hong Kong version of FTHUE classification is divided into
seven levels; each level has two activities to test; each activ-
ity is completed within 3 min; and there are three attempts.
According to the requirements of each grade, the physician
determined whether the patient has completed the level test.
The result is that the upper limb function of the patient is at a
certain level. The higher the level is, the better the upper limb
function of the patient.
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MBI score

The MBI rating scale includes 10 activities of daily living,
with a minimum score of 0, a maximum score of 5 - 15; and a
full score of 10 - 20 points were classified as extremely serious
functional defects, 25 - 45 points as severe functional defects,
50 - 70 points as moderate functional defects, 75 - 95 points
as mild functional defects, and 100 points as being able to take
care of themselves, according to the completion of patients and
self-care ability to score.

Statistical methods

SPSS 20.0 statistical software was used to analyze and process
the data. The measurement data were expressed by (mean +
standard deviation (SD)), the analysis of variance was used for
intergroup comparison, paired ¢-test was used for intragroup
comparison, rank sum test was used for non-normal distribu-
tion data, Chi-square test was used for counting data, and rank
sum test was used for grade data. P <0.05 means the difference
is statistically significant.

Results

There was no significant difference in the number of cases,
gender, age, average course of disease, MMSE score, NIHSS
score, stroke type and hemiplegic side among the three groups
(P> 0.05, Table 1).

The result of FMA score

Before treatment, there was no significant difference in FMA
scores among the three groups (F =0.679, P> 0.05); the FMA
scores of the three groups after treatment were significantly
higher than those before the treatment in the group (P <0.01);
after treatment, the FMA scores of the combined treatment
group were significantly higher than those of the MIT group,
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Table 2. Comparison of FMA Scores of Right Upper Limb Function Among Three Groups Before and After Treatment

FMA score (mean = SD)
Group Number of cases (n)
Before treatment After treatment
MIT 27 18.29 £ 11.57 29.85+12.41
LFPEST 27 17.96 +£10.43 25.33+11.29
Combined group 27 17.92 £9.36 32.18+10.83

The score after treatment of combined treatment group compared with that before treatment, P < 0.001; compared with LFPEST group, P < 0.001;
compared with MIT group, P < 0.001. MIT: motor imagery therapy; LFPEST: low-frequency pulsed electrical stimulation therapy; FMA: Fugl-Meyer

assessment; SD: standard deviation.

and the FMA scores of the MIT group were significantly
higher than those of the LFPEST group, and the differences
between the groups were statistically significant (P < 0.01,
Table 2).

The result of FTHUE classification

Before treatment, there was no significant difference in
FTHUE grading among the three groups (P > 0.05); after treat-
ment, the FTHUE grading of the three groups was significantly
improved, and the difference was statistically significant (P <
0.01); after treatment, the FTHUE grade score of the combined
treatment group was better than that of the MIT group (P <
0.01), and the MIT group was better than the LFPEST group
(P<0.01, Table 3).

The result of MBI score

Before treatment, there was no significant difference in MBI
scores among the three groups (F =0.383, P> 0.05); after treat-
ment, the MBI scores of the three groups were significantly
improved, and the differences were statistically significant (P
<0.01); after treatment, MBI scores of the combined treatment
group were better than those of the MIT group (P < 0.01), and
the MBI score of the MIT group was better than that of the
LFPEST group (P <0.01, Table 4).

Table 3. Comparison of FTHUE Grading of Three Groups Be-
fore and After Treatment

Discussion

After stroke, rehabilitation exercise should be carried out as
soon as possible to promote recovery, among which hand func-
tion rehabilitation exercise is the most important. However,
80% of patients have upper limb dysfunction. Hand function
is the most delicate, the recovery is slow, and it is difficult to
recover. If the upper limb dysfunction is still left after more
than 6 months, the fine function of the upper limb will decline,
and serious muscle atrophy will occur, and even the hand will
be abandoned. In previous literature reports, this proportion
accounts for 55-75% [14-16].

At present, there are many rehabilitation measures, includ-
ing daily hand function training, acupuncture, physical thera-
py, pulse stimulation, MIT, etc., each of which can promote the
recovery of upper limb function [17, 18]. However, there are
few reports on the efficacy of low-frequency electrical stimu-
lation, MIT and combined therapy.

LFPEST is a treatment method that uses low-frequency
pulsed current to stimulate peripheral nerve or muscle to cause
muscle contraction to improve limb function. Possover used
low-frequency electrical stimulation to treat 29 patients with
chronic spinal cord injury. After 9 years of follow-up, 17
(68%) of 25 patients with complete exercise-induced chronic
spinal cord injury recovered upper spinal control of leg move-
ment, making it possible to walk voluntarily [12]. In the study
of Cui et al including 45 subjects, it was found that the FMA of
12-h neuromuscular electrical stimulation group was more sig-
nificantly improved than that of the ordinary treatment group.
This alternative therapy is easy to apply and can be used dur-
ing rest or sleep in stroke patients [13]. There is now much

Grading MIT () LFPEST (n) E:::,l:,n(]:;i Table 4. Comparison of MBI Scores of Three Groups Before
Before After Before After Before  After and After Treatment

1 8 0 10 0 11 0 Group Number of MBI scores (mean + SD)

2 9 3 9 5 7 2 cases (n)  Before After

3 6 9 5 9 5 8 MIT 27 2826 +8.52  49.63 £10.28

4 3 5 2 4 3 9 LFPEST 27 27.78+796  4529+09.13

5 1 6 1 5 1 6 Combined group 27 27.59+£7.23 52.15 £ 8.89

6 0 3 0 3 0 3 The score after treatment of combined treatment group, compared with

7 0 1 0 1 0 2 that before treatment, P < 0.001; compared with LFPEST group, P <

FTHUE: functional test hemiplegic upper extremity; MIT: motor imagery
therapy; LFPEST: low-frequency pulsed electrical stimulation therapy;
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0.001; compared with MIT group, P < 0.001. MBI: modified Barthel In-
dex; MIT: motor imagery therapy; LFPEST: low-frequency pulsed elec-
trical stimulation therapy; SD: standard deviation.
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experience with low-frequency electrical stimulation [12, 19,
20]. Therefore, in this study, LFPEST was used to rehabili-
tate the upper limbs of stroke patients. The results showed that
the FMA, FTHUE, MBI scores of the patients in the LFPEST
group were significantly improved, and the upper limb func-
tion was significantly improved.

MIT is mainly aimed at some patients with hemiplegia
whose upper limbs cannot move actively. It can significantly
improve the sense of active participation and cooperation of
patients by consciously simulating a certain action without
obvious limb activities. The more thoroughly the patients are
familiar with, understand and remember the movements, the
more they can activate a specific motor area by motor memory
in the brain, which provides an effective treatment method
for the early rehabilitation training of patients [8, 11]. In the
study of Jin hyunck Park, after intervention, it was found that
both mental imagery training combined with electromyogram-
triggered neuromuscular electrical stimulation and electromy-
ogram-triggered neuromuscular electrical stimulation in 68
subjects could improve upper limb function and activities of
daily living in patients with chronic stroke [21].

In the clinical practice of MIT, it is difficult to monitor the
content of patient’s motor imagination. Whether the therapist’s
motor instructions are effectively implemented by patients is
the key to the success or failure of treatment. Therefore, it is
very important to improve the ability of patient’s motor im-
agination. This study is mainly aimed at young patients, and
with the MMSE score > 18, as shown in the inclusion criteria,
which is based on this consideration. In order to improve the
compliance, this study mainly used simple actions in daily life,
and repeated training and strengthening, in order to form a mo-
tor memory process in the brain and improve the curative ef-
fect. The results showed that FMA, FTHUE and MBI scores of
patients in the MIT group were significantly improved, and the
upper limb function was significantly improved, which was
consistent with the results of Jin hyunck Park [21].

Previous studies have found that low-frequency pulsed
therapy and MIT can effectively improve upper limb function
of hemiplegic patients [8, 10, 12]. However, there is no clear
literature report on the efficacy and treatment standard of MIT
combined with LFPEST.

The results showed that the FMA, FTHUE and MBI
scores of the combined treatment group and the MIT group af-
ter 6 weeks of treatment were significantly higher than those of
the LFPEST group (P <0.05); and the FMA, FTHUE and MBI
scores of the combined treatment group were significantly im-
proved than those of the MIT group (P < 0.05). It can signifi-
cantly improve the upper limb function of stroke patients with
hemiplegia, and it is more obvious than low-frequency pulsed
therapy and MIT. It can improve the internal muscle atrophy
of stroke patients, improve hand function and daily life self-
care ability. In our study, the efficacy of combination therapy
is the best. There are two possible reasons: first, combination
therapy may have synergistic effect and increase the efficacy,
but the mechanism needs further study; second, the sample
size is small, there may be bias, need to expand the sample
size to confirm.

This study does have limitations. First, the sample size
used is too small. Second, each patient’s educational level and
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understanding are different, which may affect the effect of re-
habilitation treatment. Third, according to the literature reports
[22], the treatment effect of different gender is different, but
this study does not distinguish the difference of treatment ef-
fect between men and women. There are two main reasons.
First, the number of specimens is too small to show the differ-
ence; second, this was an open-label study and this could have
also biased the results.

Conclusions

LFPEST combined with MIT is not a mechanical addition,
and can be carried out at the same time. It is safe and effective,
with fewer adverse reactions, and is easy to be accepted. This
therapy can mobilize the subjective initiative to the greatest
extent, and can effectively improve the upper limb function of
stroke patients with hemiplegia. The curative effect is better
than MIT and LFPEST, which is worthy of clinical applica-
tion.
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