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Abstract

BACKGROUND

Stroke is a common cause of neurological dysfunction, often resulting in hemi-
plegia. Thus, rehabilitation of limb function in stroke patients is an important step
towards accelerating recovery and improving quality of life.

AIM

To investigate whether unilateral strength training in hemiplegic stroke patients
could lead to cross-migration, an increase in bilateral muscle strength, and an
improvement in lower limb motor function.

METHODS

We randomly divided 120 patients with hemiplegic stroke into two groups:
Eexperimental and control groups, with 60 patients in each group. Both groups
received routine rehabilitation treatment, while the experimental group additional
-ly received ankle dorsiflexion resistance training on the healthy side for 6 wk. We
measured the maximum voluntary contract (MVC), changes in surface elec-
tromyography (EMG), and the lower limb motor function using the simplified
Fugl Meyer Motor Function Assessment Scale (FMA) before and within 1 wk after
training.

RESULTS

The FMA score in the experimental group improved significantly compared to
both their pre-training score and the control group's post-training score (P < 0.05).
The integrated EMG of the anterior tibialis muscle and pulmonary intestine
muscle in the experimental group were significantly different after training than
before (P < 0.05). Furthermore, the MVC of the anterior tibialis muscle on both the
healthy and affected sides and the MVC of the pulmonary intestine muscle on
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both sides showed significant improvement compared with before training and the control group (
P <0.05).

CONCLUSION

Our findings suggest that ankle dorsiflexion resistance training on the healthy side in hemiplegic
stroke patients can increase strength in the opposite tibialis anterior muscle and antagonist's
muscle, indicating a cross-migration phenomenon of strength training. Furthermore, this type of
training can also improve lower limb motor function, providing a new exercise method for
improving early ankle dorsiflexion dysfunction.

Key Words: Stroke hemiplegia; Cross migration; Strength training; Lower limb function; Resistance training;
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Core Tip: Unilateral ankle dorsiflexion resistance training on the healthy side can improve lower limb
motor function and lead to cross-migration of strength in hemiplegic stroke patients.
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INTRODUCTION

Stroke, also known as a cerebrovascular accident, refers to acute cerebral vasospasm, occlusion, or
rupture caused by various reasons, resulting in neurological impairment diseases dominated by
hemiplegia. The incidence of stroke is very high, and the complications are characterized by high
disability and high recurrence rate. Hemiplegia is a syndrome with the main clinical manifestation of
incomplete or complete loss of random movement of one side of the limbs caused by brain diseases|[1].
China is the largest country in the world affected by strokes. Every year, there are two million new
stroke patients, with one-third of them having obvious disabilities and 80%-90% having movement
disorders. Rehabilitation of patients' limb functions is an essential step in their recovery and return to
their families and society. It is the most important part of rehabilitation care. Under stable conditions,
rehabilitation nursing can effectively accelerate the recovery time of patients, minimize the disability of
patients, improve recovery of patients' self-care ability, and thus improve the quality of life of stroke
patients.

In sports physiology, there is a phenomenon of cross-migration of training effects, which means that
unilateral limb movement can produce simultaneous improvement in the functions of opposite
homologous parts (strength, joint range of motion, function)[2]. Short, high-intensity resistance exercises
on one side of a healthy person's limb can cause the strength of the untrained limb on the opposite side
to increase[3]. It has been found that training the opposite arm can offset muscle atrophy caused by limb
fixation, and the phenomenon of cross-migration is unilateral, which can only be transferred from the
dominant limb to the non-dominant limb[4]. Training the healthy side of the limb inhibits the flexor
modes of the upper limb and the extensor modes of the lower limb, effectively establishing a normal
mode. This improves the level of ADL[5]. Cross-migration could be applied in stroke patients with
hemiplegia, and equal-length resistance training could be performed on the healthy side to increase the
strength of the affected side without exercise and improve the motor function of lower limbs[6]. It
shows that when joints and muscles of one side of a limb are injured, their injuries and dysfunction can
affect both sides of the limb, leading to a decline of the healthy side function. It suggests that training
uninjured limbs may be one of the important measures to prevent its occurrence. Even for stroke
patients in the 1% week, muscle strength of the healthy side lower limb has decreased to varying
degrees, and the state of the healthy side limb will affect the overall function of stroke patients[7]. It also
shows that muscular atrophy and hypotonia in stroke patients are not limited to paralyzed limbs but
also can cause disuse muscular atrophy and hypotonia in healthy limbs.

At present, a consensus has been reached on the training of affected limbs, with various theories and
training methods emerging endlessly. For stroke patients with hemiplegia, functional training of the
affected limb is generally emphasized, while compensation and functional training of the healthy limb is
easily ignored. In clinical rehabilitation training, therapists pay more attention to the recovery of the
limb function of the affected side but neglect or pay less attention to functional activities of the healthy
side, leading to the disuse degradation of the healthy side. Active exercise of healthy limbs can improve
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the tension of the central nervous system, activate the physiological function of the system, prevent
complications, improve the general condition, and increase the confidence of patients in rehabilitation
[8]. It has been confirmed that cross-migration refers to the concept that training one side of a limb can
not only enhance the muscle strength of that side of the limb but also enhance the muscle strength of the
opposite limb that has not received direct training[9]. The study found that functional exercise of
healthy limbs can accelerate the establishment of ipsilateral cerebral collateral circulation, promote the
recurrence of tissues around lesions, and further enhance the functional recovery of affected limbs.
Bilateral exercise can promote the formation of new brain nerve channels, aid in the recovery of neural
function, and trigger changes in EMG signals[10]. A study of 20 stroke patients who trained five times
per week for 5 wk found that maximum wrist resistance training increased extension strength by 42% in
the healthy wrist and 35% in the affected wrist. The scores of motor function assessment (FMA) of four
patients increased, and longer training time resulted in a more noticeable rehabilitation effect. The
rehabilitation of healthy limbs is not only effective for establishing collateral circulation but also
improves daily life capacities. The rehabilitation training of healthy limbs is equally important to
rehabilitation training of affected limbs in the functional recovery of hemiplegia.

Stroke has become one of the global public health problems, with the highest incidence observed in
people aged > 41-50 years. Motor dysfunction is one of the most common dysfunctions in stroke, and
early successful rehabilitation nursing can reduce muscle atrophy, joint dislocation, joint contracture
deformity, foot drop, or varus, which drugs cannot replace. Resistance movement is a type of resistance
movement of the limbs that uses muscle-strength exercise equipment (such as sandbags and elastic
belts). It increases the diameter of muscle fibers, exercises muscles, and effectively enhances muscle
strength through rhythmic weight bearing and repeated exercises. Active exercise against resistance is
the best approach to enhance muscle strength and has a positive effect on enhancing bone density and
bone metabolism. Current scientific consensus is that 3-6 sets of resistance exercise are optimal for
strength gains. Beyond 6 sets, there is no additional benefit for strength[11]. After 12 wk of low-intensity
resistance exercise, the lower limb movement ability of older people has been improved to a certain
extent.

Rehabilitation nursing intervention for stroke patients can improve the effect of nursing, help patients
recover better, and improve patient satisfaction. Nursing intervention aims to improve the quality of life
and self-management ability during the recovery period from a stroke. The resistance exercise based on
cross-migration theory has a broad application prospect for the rehabilitation of limb motor function of
stroke patients. However, there is little research on this model of resistance exercise worldwide. The
central control mechanism of cross-migration and how to effectively use this principle in the field of
rehabilitation still needs to be further explored.

This study focuses on patients with unilateral hemiplegia after stroke. The research team was
comprised of rehabilitation nurses, doctors, and therapists. Under the guidance of cross-migration
theory, while carrying out routine rehabilitation training of the affected limb, we provided progressive
resistance exercise training to the healthy limb through nursing intervention to maintain muscle
strength of the healthy limb, promote the growth of muscle strength of the affected limb, prevent disuse
syndrome, improve motor function, improve patient's quality of life, and improve nursing satisfaction.

MATERIALS AND METHODS

Research contents

Between September 2020 and June 2022, we selected 120 eligible stroke hemiplegic patients hospitalized
in the geriatric rehabilitation department of our hospital, randomly dividing them into control and
experimental groups with 60 patients in each. Patients received conventional therapies, such as
improving cerebral microcirculation, protecting nerves, and promoting metabolism. The control group
received conventional rehabilitation training, while the experimental group added healthy side-limb
resistance exercise to their conventional rehabilitation training. We compared the improvement of
hemiplegic limb muscle strength, peak change of surface electromyography, and FMA score before the
intervention, 4 wk after the intervention, and 12 wk after the intervention.

Preparation before intervention
We created a sports manual and videos of healthy limb resistance movement; We purchased the
necessary equipment for the study, including standard sandbags weighing 0.5kg-2.5kg.

Research objects

Inclusion criteria: (1) The diagnosis was in line with the diagnostic criteria for stroke formulated at the
4™ Academic Conference on Cerebrovascular Diseases and confirmed by head computed tomography or
magnetic resonance imaging scanning; (2) The primary disease was stroke, and there was no obvious
dysfunction before onset; (3) The course of the disease is within 1-6 mo, and the condition is stable; (4)
The patients were aged between 50-79; and (5) One side was hemiplegic. The muscle strength of the
hemiplegic side is < 2 Levels, and the muscle strength of the healthy side is 4-5 Levels.
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Exclusion criteria: (1) People with aphasia, cognitive impairment, and other nervous system symptoms
that made them unstable and unable to communicate; (2) People with severe osteoporosis, traumatic
diseases, or peripheral nerve injury; (3) People with acute joint disease and injury; (4) People with
severely limited joint mobility; and (5) People with serious heart, liver, kidney diseases, or bleeding
diseases in the past.

Sample size estimation
We used PASS11 to estimate the sample size with a = 0.05 (one side), p = 0.1, a ratio of 1:1 (prevalence
rate was 0.5). The results showed that at least 106 people, including 53 patients and 53 controls, should
be included. Considering a 10% loss rate, we included 60 patients and 60 controls in the study. A total of
120 patients were enrolled in the control and experimental groups, respectively.

We recorded the personal information of 120 subjects, including name, sex, age, diagnosis, contact
address, and telephone number, in a registration book and entered it into a computer for archiving so
that subjects could better cooperate with the study and follow-up.

Specific Implementation

Control group: We implemented routine rehabilitation training: After the rehabilitation assessment, the
rehabilitation physician issued a sports prescription, and the rehabilitation therapist implemented
sports therapy based on the patient's condition and limb dysfunction. The treatment consisted of
Placement and conversion of antispasmodic postures; the range of motion training of hemiplegic limbs;
muscle strength training of hemiplegic side; bridge sports; bedside sitting balance training; standing
balance training; activities of daily living ability training.

The above treatment was administered once a day, for 30 min each time, five times a week, for 6
consecutive weeks. The intensity and time of each training were properly adjusted according to the
patient's movements, step by step, so as not to increase the patient's overall spasticity or cause excessive
fatigue.

Patients in the control group also received routine health education. The responsible nurse issued an
exercise manual and instructed patients to move the healthy side of their limb autonomously.

Experimental group: Progressive resistance exercise of the contralateral side was carried out as
described below. The experimental group received a sports intervention consisting of rehabilitation
nurses, doctors, and therapists. The head nurse acted as the team leader and coordinated the
intervention and health education activities. The rehabilitation physician formulated the intervention
plan and dealt with adverse events. The rehabilitation therapist was responsible for routine exercise
training, evaluation, and collection of muscle strength and electromyography data. The researcher
trained the team members through a PowerPoint and on-site demonstration to highlight the key points
and precautions of the resistance movement. The rehabilitation nurse was mainly responsible for
implementing the patient's healthy limb resistance exercise, monitoring the patient's discomfort, blood
pressure, and heart rate changes during muscle strength training, and providing health education and
discharge follow-up of patients and their families through WeChat management.

Health education included issuing exercise manuals to patients and their families, highlighting the
importance of motor rehabilitation for stroke, and instructing patients and their families on the
importance of healthy side movement as well as how to resist movement of healthy side limbs.
Electronic screens were used to play an operation video of the resistance movement. WeChat groups
were established for intervention members and patients or family members to provide related
knowledge of stroke motor function exercise and enhance motor concept of patients and family
members.

Sports program
The movement mode for the experimental group was progressive resistance movement of the healthy
side limb using sandbags to exert resistance. The standard sandbags purchased by the hospital's
procurement office were ankle leggings sandbags and wrist leggings sandbag with a weight range of 0.5
kg-2.5 kg. Before the intervention, healthy side muscle strength was evaluated, and sandbags with
appropriate weight were selected to apply resistance according to age and individual tolerance. The
exercise intensity was medium to low and was evaluated according to Borg's subjective exertion scoring
method. According to a patient's subjective feeling of exertion, a score of 6 points indicates no exertion,
while a score of 20 points indicates exhaustion. If a patient's score was between 12 and 14 points, it
indicated medium and low exercise intensity. If a subject experienced dizziness, asthma, dyspnea,
arrhythmia, chest tightness, chest pain, and other discomfort symptoms, the exercise was stopped
immediately. The exercise steps were divided into 4 wk of resistance exercise carried out 0.5 h after
regular rehabilitation training, subject to completion of the specified number of times, each time for 30
min, five times a week, to avoid excessive exercise.

Before and after resistance exercise, warm-up exercises were carried out, including muscle relaxation
exercises and gripping palm and finger joints exercises. The maximum exercise intensity of each patient
was evaluated by a rehabilitation technician every week. The weight added every week was not more
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than 10% of the original; the weight of sandbags or the number of exercises that the patient could
tolerate. The adaptation stage lasted about 1 wk, and the heart rate response to exercise was observed.
In the improvement phase, the weight of the sandbag gradually increased. In the maintenance phase,
the exercise intensity was maintained until the end of the intervention.

Specific sports methods

Upper limb exercise method: To apply resistance on the wrist, appropriate sandbags were selected and
divided into two groups of five movements each. They included: shoulder joint horizontal adduction
and abduction, shoulder joint forward flexion and extension, and elbow joint flexion and extension.
There was a two- minute rest between the groups.

Lower limb exercise method: Appropriate sandbags were selected to apply resistance, and five
movements were performed. They included: Straightening and lifting the lower limb of one side; and
extending the knee joint. There was a two-minute rest between the sets.

Discharge education

Rehabilitation nurse education: The rehabilitation nurse educated the patients about the essential
aspects of exercise training, emphasizing to both patients and their families that rehabilitation was a
gradual process. The patients were encouraged to adhere to the training regime. Patients were given
wrist and ankle sandbags and an exercise manual to continue functional exercise at home. Home
caregivers were instructed to record the frequency and time of resistance movement of healthy side
limbs in each diary.

WeChat and telephone follow-up: After discharge, the patients were followed up by WeChat and
telephone. Home caregivers sent daily resistance exercise videos to the WeChat group. The rehabil-
itation nurses supervised the implementation of the exercise plan, answered questions of patients and
their families, and ensured compliance of the exercise regime.

Regular outpatient visits: Patients were advised to regularly visit the geriatric rehabilitation
department to evaluate their condition and motor function recovery. If necessary, the patients were re-
admitted to the hospital for further rehabilitation treatment.

Efficacy evaluation
The patients were evaluated before the intervention, 4 wk after the intervention (after training), and
12wk after the intervention. The specific evaluation contents are described below.

Free hand muscle strength assessment: Muscle strength was measured according to the internationally
accepted modified MRC grading assessment standard. Based on the Lovett grading method, muscle
strength was further subdivided by the degree of motion amplitude and degree of applied resistance.
The muscle strength test results are divided into 0-5 grades, with level 5 indicating normal force, level 4
indicating anti-gravity and resistance active motion, level 3 indicating anti-gravity but not resistance
active motion, level 2 indicating gravity-free active motion, and level 1 indicating muscular contraction.
Grade 0 meant no muscle contraction. If muscle strength reached a certain level, but the range of activity
could not reach the full range, "-" was added to the upper right corner of the level symbol. If at the end
of the movement, it showed resistance or gravity beyond the level, "+" was added to the upper right
corner of the level symbol. The higher the percentage of normal muscle strength, the better the effect.

Surface electromyography: The subject's surface electromyography (sEMG) was monitored by
removing oil with a 75% alcohol cotton ball and taking a supine position. The patient was required to
perform isometric contraction with maximum strength, adhere to it for five seconds, and then perform
voluntary contraction for 10 s after a rest of 1min. Surface EMG signals of the upper limb deltoid
muscle, biceps brachii muscle, and lower limb quadriceps femoris muscle on the hemiplegic side were
recorded, and EMG analysis software was used for signal processing and analysis. The ability of EMG
signal is concentrated at 0-500Hz. After filtering, 3S extreme maximum voluntary contraction (MVC),
integrated EMG value (IEMG), and root mean square value were selected to compare the activation
intensity of EMG before and after training. The growth showed that muscle contraction was improved.

Limb function: The Fugl Meyer motor function evaluation scale was used to evaluate limb function.
The total score of 100 points included two dimensions of upper and lower limb motor function,
including 33 items of the upper limb, 0-2 points for each item, and 66 points for the total score. The
lower limbs include 17 items with 0-2 points for each item and 34 points in total. The lower the score, the
more serious the motor dysfunction of the patient (Figure 1).

RESULTS

Initially, 19 patients were enrolled in the clinical trial. However, 4 patients dropped out of the study,
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120 patients with stroke
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The rehabilitation therapist instructs the patient
to perform the normalr ehabilitation training on
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1. 0.5 h after the routine rehabilitation training, the healthy side
of the limb was gradually resistance exercise under the guidance
of the rehabilitation nurse

2. Select sandbags to apply wrist and ankle resistance according
to age and individual tolerance

3. Training frequency: 30min, 5 times a week

4. Increase the weight by 0.5kg every week, and maintain this
strength until the end of intervention after reaching the tolerable
low and medium strength

Routine health education:

distribute sports manuals,

follow up by phone after discharge,
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DOI: 10.12998/wjcc.v11.i19.4531 Copyright ©The Author(s) 2023.

Figure 1 Technical roadmap. FMA: Function assessment scale.
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leaving 15 patients in the treatment group and 15 in the control group. Table 1 and Figure 1 present a
comparison of the general characteristics of the subjects. Independent sample T test showed that there
was no statistical difference in age, course of disease, height, and weight between the two groups (P <
0.05). Similarly, the chi-square test revealed no significant differences in sex and hemiplegic side limbs
between the two groups (P < 0.05), indicating that the groups were comparable at baseline.

The FMA scores improved after the training intervention, with varying degrees of improvement
between the treatment and control groups. The results are shown in Table 2 and Figure 2. Specifically,
the FMA scores in the experimental group increased significantly compared to both pre-training and
post-training scores in control group (P < 0.05). These results suggest that the training intervention
effectively improved motor function of the experimental group.

After the training intervention, the MVC of the anterior tibialis muscle and pulmonary intercostal
muscle on both the healthy and affected sides were significantly improved compared with pre-training
values (P < 0.05), as presented in Table 3 and Figure 3. Furthermore, the MVC of the anterior tibialis
muscle and pulmonary intercostal muscle on both the healthy and diseased sides in the experimental
group were significantly higher than those in the control group (P < 0.05) after training. These findings
suggest that the training intervention improved the muscle strength, particularly in the experimental
group.

After the training intervention, the IEMG of the anterior tibialis muscle and pulmonary intercostal
muscle on the healthy side in the experimental group was significantly different from pre-training
values (P < 0.05), as shown in Table 4 and Figure 4. Additionally, IEMG of tibialis anterior and
pulmonary intercostal muscles on both the healthy and affected sides in the experimental group were
significantly different from those in the control group (P < 0.05) after training. These results suggested
that the training intervention influenced the muscle activation patterns, particularly in the experimental
group (Figure 5).
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Table 1 Comparison of general data between experimental and control

Parameter Experience, mean * SD Control, mean £ SD
Number 60 60

Left hemiplegia, n 44 40

Right hemiplegia, n 16 20

Male sex, n 40 36

Ageinyr 64.42 +£9.12 63.82+7.77

Course of disease in d 4545 +15.34 49.00 +14.90

Height in cm 165.42 + 6.91 164.45+7.12

Weight in kg 64.25 + 8.05 63.62 £ 9.64

There was no significant difference between baselines of experience and control.

Table 2 Comparison of function assessment scale before and after training

o Treatment, mean £ SD Control, mean * SD
Indication — — — —
Before training After training Before training After training
FMA score, points 20.05 + 3.06 26.55 +2.66 19.15 +3.05 2342 +2.94

FMA: Function assessment scale.

Table 3 Comparison of maximum voluntary contract before and after training

MVC of tibialis anterior muscle, kg, mean * SD MVC of gastrocnemius, kg, mean * SD
Group Cases, n

Contralateral Affected side Contralateral Affected side
Treatment group
Before training 60 10.43 +2.16 4.87 +2.08 11.07 + 2.66 4.00+1.36
After training 60 12.86 +1.75 8.21+1.53 13.65 + 2.86 7.77 +1.16
Control group
Before training 60 9.82+1.84 444+203 10.91+2.26 3.86 +1.55
After training 60 10.22 +1.54 6.97 £1.68 11.44 +2.34 6.87 +1.42

MVC: Maximum voluntary contract.

Table 4 Comparison of integrated electromyography values before and after training

Tibial anterior muscle IEMG, mV, mean £ SD Gastrocnemius IEMG, mV, mean £ SD
Group Cases, n
Contralateral Affected side Contralateral Affected side
Treatment groups
Before training 60 60.05 +£15.97 34.55 £5.76 49.71 £10.96 1242 £6.11
After training 60 76.89 + 8.41 58.45 + 6.66 62.82 +8.76 32.45 + 6.25
Control groups
Before training 60 58.82 +16.07 32.71+7.42 4891 £10.97 12.31+7.22
After training 60 62.05 +15.54 50.05 + 10.35 50.65 +10.38 27.85+7.91
WJCC | https://www.wjgnet.com 4537 July 6,2023 | Volumell | Issuel9 |
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IEMG: Integrated electromyography value.
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DISCUSSION

Stroke, also known as a cerebrovascular accident or cerebrovascular disease, is a major health concern
worldwide, particularly in aging populations. In China, the annual incidence rate of stroke exceeds 2.4
million with more than 70% of patients experiencing limb movement disorders in China[12]. Stroke
survivors often experience functional disorders, including cognitive, sensory, language, and motor
dysfunction. Motor dysfunction is the most common type, accounting for about 80% of stroke-related
dysfunction[13,14].

Research has shown that up to 80% of stroke patients experience decreased upper limb motor
function in the acute stage, and only 5% to 20% of patients recover full upper limb function even with
rehabilitation treatment[15]. Myodynamia of hemiplegic limbs after stroke is a common problem that
limits the rehabilitation of affected limb function, and the healthy side of stroke patients also suffers
from myodynamia decline[16]. Currently, most of the treatment for stroke limb rehabilitation is limited
to the hemiplegic side, and training of the healthy side is often ignored. Cross-migration is a training
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Figure 3 Comparison of function assessment scale values between the two groups before and after training. A-C: Two groups of patients with
general data comparison; D-F: Two groups of patients before and after training function assessment scale value o diversity analysis; G-H: Data cluster analysis heat
map between two groups of patients.

Jaishideng®

method that leverages unilateral limb training to stimulate strength development in the corresponding
muscles on the opposite side of the limb. Therefore, cross-migration can be used to train the healthy side
of stroke limbs to promote rehabilitation of the hemiplegic side[17].

This study investigated the effects of ankle dorsiflexion equal-length resistance training on the
strength of the anterior tibialis muscle on the affected side of stroke hemiplegic patients as well as the
strength of the pulmonary intestinal muscles. The results showed that after 6 wk of training, there was a
significant increase in the strength of the anterior tibialis muscle of the affected side and the pulmonary
intercostal muscles, compared to before training and the control group (P < 0.05).

Interestingly, ankle dorsiflexion equals length resistance training on the healthy side not only
increased the strength of the affected side's tibialis anterior muscle without muscle strength training but
also increased the strength of the antagonist's muscle. This phenomenon of cross-migration has been
reported in previous studies, with two main mechanisms proposed: myogenic and neural[18,19]. A
group of 30 young people received unilateral electrical stimulation and underwent maximum voluntary
contraction strength training of the right lower limb for 6 wk. The results showed that high-intensity
unilateral training increased the MVC of the opposite side, but there was no evidence of hypertrophy in
the leg muscles, indicating that the myogenic mechanism does not play a major role in cross-migration
[20,21]. Instead, the brain and spinal cord were found to play a significant role in the occurrence of
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Figure 4 Comparison of maximum voluntary contract values between the two groups before and after training. A-C: Two groups of patients
with general data comparison; D-F: Two groups of patients before and after training maximum voluntary contract value o diversity analysis; G-H: Data cluster analysis
heat map between two groups of patients.

cross-migration[22,23].

Additionally, it was observed that voluntary contraction could affect the motor pathway of the
contralateral homologous muscle, which is consistent with the increase of motor cortex excitability and
plays an important role in the strength training process[24,25]. Unilateral strength training was shown
to increase the strength of both sides of the limbs, reduce inhibitory transmission of signals from the
training side of the cerebral hemisphere to the untrained side, increase the excitability of the motor
cortex on the same side of the trained limb, and reduce inhibition and transmission of bilateral
corticospinal tracts.

In conclusion, while the mechanism of cross-migration requires further discussion and research, this
study provides valuable insights into the neural mechanisms that underlie this phenomenon and its
potential application in clinical rehabilitation.
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Figure 5 Comparison of integrated electromyography values between the two groups before and after training. A-C: Two groups of patients
with general data comparison; D-F: Two groups of patients before and after training integrated electromyography value o diversity analysis; G-H: Data cluster
analysis heat map between two groups of patients.

CONCLUSION

The study concludes that ankle dorsiflexion resistance training on the healthy side can improve lower
limb motor function and increase strength in the opposite tibialis anterior muscle and antagonist's
muscle, suggesting a cross-migration phenomenon of strength training. This provides a new exercise
method for improving early ankle dorsiflexion dysfunction in hemiplegic stroke patients.

ARTICLE HIGHLIGHTS

Research background

Stroke-induced hemiplegia has a high incidence rate and is characterized by movement disorders.
Rehabilitation of limb function is an essential step for patients' recovery, and resistance training is a
promising method to improve muscle strength and motor function.

Bishidenge WVJCC | https://www.wjgnet.com 4541 July 6,2023 | Volumell | Issuel9 |



Lu YH et al. Cross-migration theory in stroke limb rehab

Jaishideng®

Research motivation

Rehabilitation care can accelerate stroke patients' recovery time, minimize disability, and improve their
quality of life. This study aims to investigate the effectiveness of unilateral strength training in
improving lower limb motor function and muscle strength in hemiplegic stroke patients.

Research objectives

The objective of this study is to investigate whether ankle dorsiflexion resistance training on the healthy
side can lead to cross-migration of strength, an increase in bilateral muscle strength, and an
improvement in lower limb motor function in hemiplegic stroke patients.

Research methods

In this study, 120 hemiplegic stroke patients were randomly divided into two groups. The experimental
group received ankle dorsiflexion resistance training on the healthy side for 6 wk, in addition to routine
rehabilitation treatment. Both groups were assessed before and after the training using various
measures, including EMG and FMA. Statistical analysis was conducted to compare the results between
the two groups.

Research results
Ankle training improves post-stroke strength & motor function. Cross-migration phenomenon
observed. New exercise method for early dysfunction.

Research conclusions
Ankle training improves strength & motor function in stroke patients.

Research perspectives
Could investigate the long-term effects and optimal duration/frequency of ankle training for stroke
patients.
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