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Abstract

Aims/Background: Hemiplegia is a common complication following a stroke, resulting in decreased motor function. Although various
treatment options are available, there is currently insufficient evidence to determine the definitive superiority of any single treatment
modality, and the effectiveness of using a single therapy remains limited. Therefore, this study aims to investigate the efficacy and
safety of combining repetitive facilitative exercise (RFE) with electromyography (EMG) biofeedback in managing patients with post-
stroke hemiplegia. Methods: This retrospective study included 106 patients with post-stroke hemiplegia who were treated at The Second
Affiliated Hospital of Qigihar Medical University, China, between January 2022 and January 2024. Patients who received RFE alone were
included in the RFE group (n = 51), while those who received the combination of RFE and EMG biofeedback treatment were included in
the RFE+EMG group (n=55). Both groups were treated continuously for 12 weeks. The limb function (Fugl-Meyer Assessment [FMA]),
balance ability (Berg Balance Scale [BBS], Timed Up and Go Test [TUGT], 10-Meter Walk Test [lOMWT]), and quality of life (Stroke
Specific Quality of Life Scale [SS-QOL]) were comparatively assessed between the two groups before treatment and 12 weeks after
treatment. Additionally, the incidence of adverse events throughout the treatment period was recorded for both groups. Results: After
treatment, the FMA scores showed significant improvements in both groups compared to their pre-treatment values (p < 0.05). Notably,
the RFE+EMG group exhibited significantly higher improvements in upper extremity, lower extremity and overall scores compared to
the RFE group after treatment (p < 0.05). Following the intervention, both groups demonstrated a substantial increase in the BBS score
compared to their scores before treatment (p < 0.05). In contrast, the TUGT and 10MWT were significantly shortened in both groups
compared to their times before treatment (p < 0.05). Notably, the RFE+EMG group exhibited significantly higher BBS scores (p <
0.05) and significantly shorter TUGT and 10MWT times compared to the RFE group after treatment (p < 0.05). After treatment, the SS-
QOL scores increased significantly in both groups compared to their scores before treatment (p < 0.05). Notably, the RFE+EMG group
exhibited significantly higher scores in energy, family roles, language, mobility, mood, personality, self-care, social roles, thinking, upper
extremity function, vision and work/productivity compared to the RFE group after treatment (p < 0.05). Conclusion: The combination
of RFE and EMG biofeedback shows promising effects in limb functional recovery, improving balance ability, and enhancing quality of
life in patients with post-stroke hemiplegia, while also demonstrating a favourable safety profile, with no severe adverse events reported.
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1. Introduction function include pharmacological therapy, traditional Chi-
nese medicine, exercise therapy, physical therapy, orthotic
devices, and rehabilitation robotics [7,8,9,10,11]. How-

ever, there is currently insufficient evidence to determine

Stroke refers to varying degrees of functional impair-
ment in brain tissue due to the sudden blockage or rupture

of cerebral blood vessels, and is generally divided into is-
chemic stroke and hemorrhagic types [1,2,3]. In China,
stroke is the leading cause of death, with a high incidence
rate of 126.9 per 100,000 person-years, and is associated
with a high mortality, recurrence, and disability rate [4,5].
Hemiplegia is one of the common complications following
stroke, affecting approximately 65% of patients, and sig-
nificantly impairs motor function and reduces the ability to
perform activities of daily living [6]. This not only affects
patients’ quality of life but also poses significant emotional,
physical, and financial burdens on families and society.
Various therapeutic strategies to address post-motor dys-

the superiority of any single approach.

Repetitive facilitative exercise (RFE) is a novel
post-stroke rehabilitation method developed by Professor
Kawabhira K. of Kagoshima University, Japan, designed to
improve motor function recovery [12]. This strategy tar-
gets the strengthening of neural conduction pathways via
high-frequency repetitive stimulation and a specific neural
induction method, aiming to restore normal movement pat-
terns [13]. A study by Kawahira and colleagues [12] re-
vealed that repetitive stimulation therapy more effectively
improved motor control, joint mobility, and functional re-
covery of the affected limb compared to a conventional re-
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habilitation program. Inrecent years, a combination of RFE
with other therapeutic methods has been found to enhance
its efficacy. For example, Ohnishi et al. [14] investigated
the impact of RFE in combination with neuromuscular elec-
trical stimulation (NMES) in patients with severe stroke-
induced paresis and found that the combined strategy ef-
fectively activated paralysed muscles and promoted upper
limb motor functional recovery.

Electromyography (EMG) biofeedback therapy, intro-
duced into clinical practice in the 1980s, is a multifunctional
neurorchabilitation physiotherapy method widely used in
Western countries. This approach is widely recognised by
its simplicity, safety, and efficacy. It facilitates the re-
establishment of neural connections between the brain and
paralysed muscles by enabling patients to actively partic-
ipate in training, thereby promoting proprioceptive recov-
ery and cognitive relearning [15,16]. EMG biofeedback has
been proven to be effective in strengthening pelvic floor
muscles [17], improving swallowing function [ 18], manag-
ing anal incontinence [19], and reducing pain [20]. Further-
more, recent evidence suggests that EMG biofeedback ther-
apy is particularly effective in improving limb function in
stroke patients, especially upper limb mobility [21]. Stud-
ies by Rayegani et al. [22] and Lirio-Romero et al. [23],
which involved patients with post-stroke hemiplegia, have
revealed that EMG biofeedback therapy significantly en-
hances hand function and upper limb motor performance.

The above studies have revealed the efficacy of RFE
and EMG biofeedback in promoting limb function recov-
ery in patients with post-stroke hemiplegia; however, no
research has investigated the combined application of these
two approaches for limb rehabilitation. Therefore, to ad-
dress this gap, this study retrospectively analysed 106 cases
of post-stroke hemiplegia undergoing rehabilitation at The
Second Affiliated Hospital of Qigihar Medical University.
The aim is to assess the efficacy and safety of combining
RFE with EMG biofeedback, thereby providing new in-
sights and potential approaches for enhancing functional
outcomes in patients with post-stroke hemiplegia.

2. Methods
2.1 Research Subjects

This retrospective study included 106 patients with
post-stroke hemiplegia who were treated at The Second Af-
filiated Hospital of Qiqihar Medical University, China, be-
tween January 2022 and January 2024.

2.2 Inclusion and Exclusion Criteria

The inclusion criteria for patient selection were as fol-
lows: (1) patient diagnosis with the American Heart Asso-
ciation/American Stroke Association guidelines for stroke
[24], confirmed by imaging examinations such as computed
tomography (CT) or magnetic resonance imaging (MRI),
with evidence of unilateral paralysis; (2) patient age 18
years and above, with intact consciousness and basic ver-

bal communication ability; (3) patients with symptoms of
limb motor dysfunction and the ability to stand and walk
independently of at least 10 meters; and (4) those with sta-
ble medical conditions with controlled blood pressure and
a disease course of <3 months.

However, exclusion criteria included (1) walking in-
stability due to prior limb dysfunction or unrelated dis-
eases; (2) significant vital organ dysfunction, such as heart,
liver, and kidneys; (3) known cognitive conditions such
as Parkinson’s disease, Alzheimer’s disease, or intellectual
disability; (4) combined with vestibular dysfunction, uni-
lateral neglect, hemianopsia, or similar neurological symp-
toms; (5) metal implants, such as cardiac pacemakers, or
vascular stents; (6) a history of spondylolisthesis, spinal
surgery, or severe osteoporosis, (7) diagnosis of malignant
tumors; and (8) limb conditions such as severe arthritis or
amputation. A flow chart of the patient selection and inclu-
sion/exclusion criteria is presented in Fig. 1.

2.3 Sample Size Calculation

The sample size was determined using the following
formula: n1 =n2=2 x (Z1_,/2 +Z1_p5)? x 0?/A2%, where
Z1-a/2 =196 (ac=0.05), Zi_g = 0.84 (5 = 0.2, power =
80%), A=10.24, and 0 =6.57 [25]. The calculation yielded
a required sample size of 38 patients per group. To account
for a potential 20% attrition rate, the minimum sample size
was adjusted to 46 patients per group (38 x 1.2 = 45.6,
rounded up). This study successfully met this requirement,
with at least 46 cases included in each group.

2.4 Patient Treatment Protocol

Patients were divided into two groups based on their
treatment regimen: those who underwent RFE alone were
included in the RFE group (n = 51), while those who re-
ceived RFE in combination with EMG biofeedback were
assigned to the RFE+EMG group (n = 55). Both groups
received routine medical care and rehabilitation, which in-
cluded adjustment of electrolyte imbalance, dehydration
therapy to reduce cranial pressure, stabilization of blood
pressure and blood glucose levels, improvement of blood
lipemia, improvement of cerebral circulation, nutritional
support of cranial nerves, and routine physical rehabilita-
tion training (such as roll-over training, sitting and standing
exercises, unassisted walking, and stair-climbing exercises
to enhance motor recovery). All patients received health
education outlining the purpose and procedures of the treat-
ment, with a focus on the importance of active participation
and independent training for optimal recovery.

Patients in the RFE group were positioned in a seated
posture during treatment sessions. The therapist imple-
mented a facilitative technique to stimulate the target mus-
cle groups. One hand was used to deliver rapid stretch
reflexes to promote neural pathway excitability, while the
other hand administered percussion or brushing stimuli di-
rectly to the target muscle group. Patient followed the ther-
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Patients with post-stroke hemiplegia
(n=220)

:

Patients eligible for analysis (n = 106)

Age <18 years(n=1)

Impaired consciousness (7 = 10)
Disease duration > 3 months (n = 21)

l Pre-existing limb dysfunction (n = 9)
Comorbid cardiac/hepatic/renal
dysfunction (n = 22)

Comorbid Parkinson's disease (n =12)
Comorbid Alzheimer's disease (n = 15)
Presence of metal implants (n = 4)
History of severe osteoporosis (n = 10)
Comorbid malignant tumors (n = 3)

RFE + EMG group
(n=35)

RFE group
(n=351)

Severe arthritis (n =7)

Fig. 1. A flowchart of patient inclusion and exclusion criteria. RFE, repetitive facilitative exercise; EMG, electromyography.

apist’s verbal instructions to actively perform specific func-
tional movements.

Target movements included upper limb, trunk, and
lower limb exercises. The upper limb movements included
shoulder and elbow flexion and extension, forearm prona-
tion and supination, wrist dorsiflexion, finger flexion and
extension, abduction, arch extension, and volar abduction
of the thumb. Furthermore, trunk movement included ro-
tation and lateral bending. Lower limb movement in-
volved hip extension/abduction—flexion adduction, knee
flexion/extension, seated lateral flexion, and ankle dorsi-
flexion.

Additionally, during training sessions, the patient was
advised to focus on activating the target muscles while
reducing compensatory or excessive contractions of non-
target muscles. Each session involved selecting 4—6 groups
of target movements every day, with each movement prac-
tised 50 to 100 times (divided into 2 sets with a short rest
in the middle). The total training time was limited to <40
minutes per day, 6 days per week (Sunday as a rest day),
over a treatment period of 4 weeks.

Patients in the RFE+EMG group (RFE combined with
EMG biofeedback) received therapy using a myoelectric
biofeedback instrument. Patients were seated in front of
the monitor, the skin over the affected side (hemiplegic)
was wiped with alcohol, and surface stimulation electrodes
were applied sequentially to the hemiplegic side, starting
with the upper limb (deltoid, wrist extensor, hand muscle),
followed by the lower limb (anterior tibial muscle). After
that, a ground electrode was placed between the two stimu-
lation electrodes.

Furthermore, the device was set to either automatic
or manual operation mode. Parameters included a square
wave stimulation waveform at a frequency of 50 Hz, a pulse
width of 200 ps, a stimulation time of 8 s, and an intermit-
tent time of 10 s. The stimulation current intensity was ad-
justed based on the patient’s tolerance and clinical situation.
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During the treatment session, RFE was combined with
closed-loop myoelectric training using the “stimulus-rest-
strength-sustainment-relaxation” protocol. The instrument
continuously monitored myoelectric signals, dynamically
adjusting the output current. The signals were converted
into auditory cues and displayed visually on the monitor,
prompting the patient to follow the limb training to achieve
functional positioning. The patient was asked to observe
the EMG values on the screen and respond to the auditory
prompt to facilitate active participation. The intensity of
electrical stimulation was set according to the patient’s tol-
erance levels. All treatment sessions were performed in
a quiet, comfortable, and light-free treatment room. The
treatment time and frequency were the same as the RFE
group. Both groups received continuous treatment for a to-
tal duration of 12 weeks (three consecutive 4-week cycles).

2.5 Evaluation Indicators

Baseline characteristics were recorded for both
groups. Outcome assessments included: limb motor func-
tion through Fugl-Meyer Assessment (FMA), balance abil-
ity through Berg Balance Scale (BBS), Timed Up and Go
Test (TUGT), and 10-Meter Walk Test (10MWT), and qual-
ity of life using the Stroke Specific Quality of Life Scale
(SS-QOL). All outcomes were evaluated at baseline and 12
weeks post-intervention. Adverse events occurring during
the treatment period were systematically documented for
both groups. To ensure assessment consistency and min-
imise bias, a single team of certified rehabilitation thera-
pists (each with >3 years of clinical experience) conducted
all measurements. The team received standardised training
on assessment protocols and scoring criteria and remained
blinded to group allocation throughout the study.

(1) Baseline Characteristics: baseline data, such as
age, gender, education level, affected side, disease duration,
and stroke type, were collected for all patients.
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(2) Fugl-Meyer Assessment (FMA) [26]: this scale
assesses motor function in both upper and lower limbs.
The upper limb assessment includes the shoulder, elbow,
forearm, wrist, hand, and coordination functions across 33
items. While the lower limb sections include 17 items, they
evaluate reflex activity, coordinated extensor and flexor
movement, isolated movement, hyperreflexia, coordination
ability, and speed. Each item is scored on a 3-point scale,
with 0 indicating an inability to perform the task, 1 indicat-
ing partially being able to perform the task, and 2 indicat-
ing being able to perform the task completely. The overall
possible score is 100 points (66 for the upper limb, 34 for
the lower limb), with higher scores indicating better motor
function.

(3) Berg Balance Scale (BBS) [27]: this scale in-
cludes a total of 14 items assessing static and dynamic bal-
ance tasks, including sitting, standing, bed chair transfer-
ring, closed eye independent standing, bipedal independent
standing, upper limb extension, picking up objects from the
ground, turning from the shoulder to the back, turning at
360 degree, bipedal forward and backward standing, step-
ping, and single leg stance. Each item is scored from 0 to 4
(5-point scale), with a maximum score of 56. Higher scores
indicate better balance performance.

(4) Timed Up and Go Test (TUGT): during this assess-
ment, patients are allowed to use walking aids or assistive
devices. The timer starts as the patient rises from the chair,
turns around, walks 3 meters, returns, and sits down. The
test is conducted 3 times, and the average score is recorded,
with shorter times indicating better mobility.

(5) 10-Meter Walk Test (1I0MWT): the patients walk
a distance of 15 meters at their fastest and most stable pace.
The time taken from the 2nd to the 12th meter is docu-
mented using a stopwatch. The test is performed three
times, and the average time is used for subsequent analy-
sis.

(6) Stroke-Specific Quality of Life Scale (SS-QOL)
[28]: this patient-reported measure assesses quality of life
across 12 dimensions: energy, family roles, language, mo-
bility, mood, personality, self-care, social roles, thinking,
upper extremity function, vision, and work/productivity. It
includes 49 items, each rated on a 5-point scale, yielding a
total score of 49-245. Higher scores indicate a better qual-
ity of life.

(7) Adverse Reactions: during the treatment period,
adverse events, such as severe muscle or joint pain, ten-
donitis, ligament sprain, dizziness, palpitations, skin rash,
itching, or contact dermatitis, were monitored and com-
pared between the two groups.

2.6 Quality Control

To ensure data quality, several quality control mea-
sures were implemented in this study. First, a structured and
standardised data extraction protocol was used, involving
dual independent data entry, cross-verification, and logical

consistency checks to minimise errors. Second, study sub-
jects were selected based on pre-defined strict inclusion and
exclusion criteria, aimed at minimising selection bias. Fur-
thermore, all assessment scales and methods applied were
standardised and widely accepted in clinical practice, and
the intervention protocols were described in detail to reduce
potential bias due to inadequate procedural clarity. How-
ever, we acknowledge the inherent limitations associated
with retrospective study design, and these are thoroughly
addressed in the discussion section of the manuscript.

2.7 Statistical Analysis

Data were analysed using SPSS 21.0 software
(International Business Machines Corporation, Armonk,
NY, USA). Data were assessed for normality using the
Kolmogorov-Smirnov test. Quantitative variables, such
as age, disease duration, FMA score, BBS score, TUGT,
10MWT, and SS-QOL score, were found to follow a nor-
mal distribution and were presented as mean £ standard
deviation (SD). Independent samples ¢-tests were used for
between-group comparisons, while paired samples ¢-tests
were employed for within-group comparisons. Categorical
variables, including gender, education level, affected side,
and stroke type, were presented as frequencies and percent-
ages [n (%)] and compared using the Chi-squared test. A
p-value less than 0.05 was considered statistically signifi-
cant.

3. Results

3.1 Comparison of Baseline Characteristics Between the
Two Groups

There were no significant differences between the
RFE+EMG and RFE groups at baseline in terms of age,
gender, education level, affected side, duration of disease,
or stroke type (p > 0.05, Table 1).

3.2 Comparison of Limb Motor Function Between the Two
Groups

There was no significant difference in FMA scores be-
tween the two groups before treatment (p > 0.05). How-
ever, after treatment, both groups demonstrated significant
improvements in FMA scores compared to their baseline
scores (p < 0.05). Notably, the RFE+EMG group exhib-
ited significantly higher improvements in upper extremity,
lower extremity, and total FMA scores compared to the
RFE group after treatment (p < 0.05, Table 2).

3.3 Comparison of Balance Function Between the Two
Groups

Prior to the intervention, no significant differences
were observed between the two groups in BBS scores,
TUGT, or I0OMWT (p > 0.05). However, both groups
demonstrated substantial improvements after treatment: the
BBS score increased significantly (p < 0.05), while TUGT
and 10MWT were significantly reduced (p < 0.05) com-
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Table 1. Comparison of baseline characteristics between the two experimental groups.

Variable RFE+EMG group RFE group 2t pvalue
(n=155) (n=51)
Age (mean + SD, years old) 58.33 £7.09 58.63 £5.72  0.239 0.812
Gender [n (%)] 0.019  0.891
Male 32(58.18) 29 (56.86)
Female 23 (41.82) 22 (43.14)
Education level [n (%)] 0.239 0.887
Junior high school and below 22 (40.00) 19 (37.25)
High school/vocational school 18 (32.73) 19 (37.25)
College degree or above 15 (27.27) 13 (25.49)
Affected side [n (%)] 0282  0.596
Left side 33 (60.00) 28 (54.90)
Right side 22 (40.00) 23 (45.10)
Duration of disease (mean + SD, days) 52.04 £ 20.66 53.86 £24.12 0.420 0.676
Stroke type [n (%)] 0.004 0.947
Cerebral infarction 37 (67.27) 34 (66.67)
Cerebral hemorrhage 18 (32.73) 17 (33.33)

RFE, repetitive facilitative exercise; EMG, electromyography; SD, standard deviation.

Table 2. Comparison of FMA scores between the two groups before and after treatment (z £ s, points).

. Upper extremity
Experimental group  n

Lower extremity Total score

Pre-treatment  Post-treatment

Pre-treatment

Post-treatment ~ Pre-treatment  Post-treatment

RFE+EMG group 55 35.02+4.50 4849 +£4.18*
RFE group 51 3433 +£4.74 4418 £4.41*
t 0.763 5.169
p-value 0.447 <0.001

18.13 £3.51 2647 £3.14* 53.15+£585 7496 £ 4.97*
1745 £3.29 23.45+334*% 51.78 £547 67.63 £ 5.48*
1.020 4.801 1.235 7.227
0.310 <0.001 0.220 <0.001

Notes: “*” indicated that a significant difference existed in the comparison of data before and after treatment in the same group (p <

0.05). FMA, Fugl-Meyer Assessment.

Table 3. Comparison of balance function between the two groups before and after treatment (z =+ s).

. BBS score (points) TUGT (s) 10MWT (s)

Experimental group  n

Pre-treatment  Post-treatment  Pre-treatment  Post-treatment  Pre-treatment  Post-treatment
RFE+EMG group 55 2780 +£3.85 3845+421*% 39.67+3.66 31.49+3.09% 4049 +3.16 32.02 4+ 3.45*
RFE group 51 26514+386 34.16+4.01* 3847+3.04 33.10+3.03* 40.08 £3.22  33.88 +3.38*
t 1.723 5.370 1.832 2.701 0.665 2.806
p-value 0.088 <0.001 0.070 0.008 0.508 0.006
Notes: “*” indicated that a significant difference existed in the comparison of data before and after treatment in the same group (p <

0.05). BBS, Berg Balance Scale; TUGT, Timed Up and Go Test; IOMWT, 10-Meter Walk Test.

pared to their respective pre-treatment values. Further-
more, after treatment, the RFE+EMG group exhibited sig-
nificantly higher BBS scores (p < 0.05) and substantially
shorter TUGT and 10MWT times compared to the RFE
group after treatment (p < 0.05, Table 3).

3.4 Comparison of Quality of Life Between the Two Groups

Prior to the treatment, no significant difference was
observed in SS-QOL scores between the two groups (p >
0.05). However, after treatment, both groups showed sig-
nificant improvement in SS-QOL scores compared to their
pre-treatment values (p < 0.05). Notably, following the
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intervention, the RFE+EMG group exhibited significantly
higher scores in energy, family roles, language, mobility,
mood, personality, self-care, social roles, thinking, upper
extremity function, vision, and work/productivity scores
compared to the RFE group (p < 0.05, Table 4).

3.5 Comparison of Safety Between the Two Groups

Interestingly, assessing the incidence of adverse
events and safety of the procedure revealed that no severe
adverse events were reported in either the RFE+EMG or
RFE group throughout the treatment period.
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Table 4. Comparison of SS-QOL scores between the two groups before and after treatment (Z & s, points).

. Energy
Experimental group  n

Family roles Language

Pre-treatment  Post-treatment

Pre-treatment

Post-treatment ~ Pre-treatment  Post-treatment

RFE+EMG group 55 836£1.54 12.49 £ 1.65%  7.85+1.41 12,15 £ 1.75% 1489 4+£2.96  19.89 £ 2.53*

RFE group 51 8.04 £ 1.51 10.69 £ 1.63* 831 £1.49 10.76 & 1.48*% 1539 £330  18.69 + 2.44*

t 1.093 5.650 —1.632 4.376 —0.824 2.493

p-value 0.277 <0.001 0.106 <0.001 0.412 0.014
Mobility Mood Personality

Experimental group  n

Pre-treatment ~ Post-treatment

Pre-treatment

Post-treatment ~ Pre-treatment  Post-treatment

RFE+EMG group 55 18.18 +£3.54 2242 4+239* 1535+298 19.85+2.81* 7.93 +1.30 12.62 + 1.81*
RFE group 51 18434323 21.294271* 1596+ 3.38 18.59 + 2.70* 7.98 + 1.48 10.84 + 1.69*
t -0.378 2.268 -0.997 2.362 -0.197 5.208
p-value 0.706 0.025 0.321 0.020 0.844 <0.001
. Self-care Social roles Thinking
Experimental group  n
Pre-treatment  Post-treatment  Pre-treatment  Post-treatment  Pre-treatment  Post-treatment
RFE+EMG group 55 1433 4+£328 19.76 £2.49*% 14.60 +3.38  20.20 + 2.56* 8.29 + 1.56 12.69 + 1.84%*
RFE group 51 1516 £296 1851 £2.39*% 15.02+3.20 18.25+2.51* 7.84 + 1.38 10.88 £+ 1.66*
t -1.365 2.636 —0.655 3.941 1.562 5.295
p-value 0.175 0.010 0.514 <0.001 0.121 <0.001
. Upper extremity function Vision Work/Productivity
Experimental group  n
Pre-treatment  Post-treatment  Pre-treatment  Post-treatment  Pre-treatment  Post-treatment
RFE+EMG group 55 1464 +286 20.20 +£2.61%* 833 +1.40 12.38 £ 1.76* 7.96 + 1.49 12.47 £ 1.50%*
RFE group 51 1551 +£3.38 18.78 £+ 2.64* 8.04 + 1.36 11.04 £+ 1.41* 8.24 + 1.48 11.22 + 1.39*
t —1.441 2.777 1.074 4311 -0.942 4.463
p-value 0.153 0.007 0.285 <0.001 0.349 <0.001

Notes: “*” indicated that a significant difference existed in the comparison of data before and after treatment in the same group (p

< 0.05). SS-QOL, Stroke Specific Quality of Life Scale.

4. Discussion

In this study, we retrospectively analysed 106 patients
with post-stroke hemiplegia, dividing them into the RFE
group (receiving RFE treatment alone) and the RFE+EMG
group (receiving RFE combined with EMG biofeedback
treatment) based on treatment methods. After 12 weeks
of treatment, the RFE+EMG group showed substantially
greater improvements in FMA scores, BBS scores, TUGT,
10MWT, and SS-QOL scores compared to the RFE group.
These observations suggest that combining RFE with EMG
biofeedback treatment further enhances motor function,
balance mobility, and overall quality of life in patients with
post-stroke hemiplegia, without increasing the risk of ad-
verse events.

RFE combines multiple sensory stimuli with repeated,
task-specific, and guided exercises, in which rehabilita-
tion therapists assist patients in performing targeted motor
tasks. In our study, both groups of patients showed signifi-
cant improvement in functional outcomes after treatment,
which can be attributed to the inherent plasticity of the
brain. When brain tissue is damaged, the brain attempts to
reroute neural signals through alternative conduction path-
ways. Repeated facilitative training and motor learning
can activate and strengthen these nerve conduction path-

ways, leading to the reconstruction of new neural circuits.
This mechanism improves limb motor function, balance of
movement ability, and overall mobility on the affected side,
ultimately improving the quality of life.

These observations are consistent with previous stud-
ies. For example, a study by Harris [29] revealed that RFE
significantly enhanced upper limb function in patients with
subacute stroke. Similarly, Etoh et al. [30] also suggested
that RFE may promote upper limb functional recovery by
reducing the excitability of spinal motor neurons.

Unlike these previous studies, which primarily inves-
tigated RFE intervention targeting only upper limb func-
tion, our study explored the combined effect of RFE and
EMG biofeedback. Furthermore, our evaluation included
both upper and lower limb motor function, balance ability,
and quality of life, providing a more robust assessment of
functional recovery.

EMG biofeedback is a behavioural therapy that has
gradually emerged in recent years. Using visual and au-
ditory feedback signals enables patients to self-monitor and
adjust their motor responses, emphasising patients’ active
participation. This approach has demonstrated significant
therapeutic efficacy in treating various diseases, including
post-stroke hemiplegia [31,32]. Yanetal. [33] reported that
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EMG biofeedback contributes to promoting limb function
and daily living activities in patients with post-stroke mo-
tor dysfunction. Similarly, Feng et al. [34] recommended
combining EMG biofeedback with traditional rehabilitation
as an optimal approach for improving limb motor recovery
and relieving post-stroke pain.

In our study, patients in the RFE+EMG group re-
ceived a combination of RFE and EMG biofeedback treat-
ment. We observed superior improvements across vari-
ous functional indicators in the RFE+EMG group compared
to RFE alone, suggesting that EMG biofeedback may fur-
ther improve treatment outcomes. The speculated mecha-
nism is that EMG biofeedback offers effective sensory in-
put through surface stimulation of the affected skin, which,
when combined with RFE and the patient’s voluntary joint
movements, provides continuous proprioceptive feedback.
These sensory signals are transmitted to the central nervous
system, inducing functional reorganisation within the motor
cortex and promoting the generation of patterned voluntary
movements, thereby enhancing functional recovery.

Given this speculation, Hoei et al. [35] team used
a combination of RFE and neuromuscular electrical stim-
ulation in patients with pure motor isolated hand palsy
(PMIHP) and reported accelerated motor and improved
hand function. Similarly, Fujimoto et al. [36] observed
that the combination of continuous neuromuscular electri-
cal stimulation and RFE significantly promoted upper limb
motor function and enhanced patient satisfaction in post-
stroke hemiplegia. Furthermore, Kutsuwa and Harada [37]
highlighted the application of RFE combined with electri-
cal stimulation in alleviating radiation-induced functional
decline in patients with oropharyngeal cancer undergoing
postoperative radiotherapy. Although these studies un-
derscore the advantages of combining RFE with electrical
stimulation approaches, they are generally restricted by rel-
atively small sample sizes and lack specific investigation
on their combination with EMG biofeedback therapy. This
study addresses this gap, providing valuable insights that
the combination of RFE and EMG biofeedback is a promis-
ing strategy for improving limb motor recovery in patients
with post-stroke hemiplegia.

Additionally, no serious adverse reactions were ob-
served in both groups throughout the intervention period,
indicating that the combination of RFE and EMG biofeed-
back is not only effective but also safe, well-tolerated, and
clinically applicable, demonstrating potential for practical
implementation in rehabilitation settings.

Despite the promising outcomes, we acknowledge
several limitations in this study. (1) This study used several
internationally recognised assessment scales, including the
FMA, BBS, and SS-QOL, as primary outcome measures.
Although these scales are widely used in clinical rehabili-
tation and have established reliability and validity, they are
inherently subjective assessment tools. Patient responses
may be influenced by transient factors such as environmen-
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tal conditions or emotional state at the time of assessment,
potentially introducing bias. Future studies should include
more objective indicators, such as serological or neurophys-
iological biomarkers, to enhance the precision of outcome
assessments. (2) This study was based on a retrospective
analysis of 106 hospitalised patients from a single reha-
bilitation department, restricting the generalizability of the
findings. As a single-center study with a small sample size,
the statistical power and external validity are also limited.
Future investigations should include a larger sample size
and a multicenter study design to enhance the applicabil-
ity of the findings. (3) Although baseline characteristics
showed no statistically significant differences between the
two groups, the lack of multivariate statistical analysis to
systematically adjust for potential confounding variables
limits the strength of causal inferences. Without adjusting
for these confounders, attributing the observed inter-group
differences in treatment outcomes solely to the intervention
may be premature.

However, the combination therapy group
(RFE+EMG) demonstrated clinically significant im-
provements across multiple key functional domains with a
favourable safety profile. These findings provide valuable
evidence supporting the therapeutic potential of integrating
RFE with EMG biofeedback. To establish a stronger causal
association and validate clinical efficacy, well-designed
prospective randomised controlled trials are required.

5. Conclusion

The combination of RFE and EMG biofeedback
showed promising effects in promoting limb functional re-
covery, improving balance, and enhancing quality of life
in patients with post-stroke hemiplegia, while also demon-
strating a favourable safety profile. However, the underly-
ing mechanisms of the synergistic effects of this combined
treatment warrant further exploration. Further investigation
and validation of this combined approach through rigorous
clinical trials are required to support its broader implemen-
tations in rehabilitation practice.

Key Points

* RFE combined with EMG biofeedback therapy is
beneficial for promoting limb function recovery in patients
with post-stroke hemiplegia.

* RFE combined with EMG biofeedback therapy can
effectively improve balance ability in post-stroke hemi-
plegic patients.

* RFE combined with EMG biofeedback therapy en-
hances the quality of life in patients with post-stroke hemi-
plegia.

* RFE combined with EMG biofeedback therapy does
not increase the risk of adverse reactions in post-stroke
hemiplegic patients.
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