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Abstract.
BACKGROUND: Studies have shown that core muscle training can accelerate the recovery of motor function in stroke patients.
However, there are no relevant reports to show the effect of core muscle training combined with functional electrical stimulation
(FES) on the rehabilitation of stroke patients.
OBJECTIVE: This study aimed to observe the efficacy of core muscle training combined with FES on motor and balance
functions of lower limbs in stroke patients.
METHODS: This study selected and divided 120 stroke patients with hemiplegia admitted to our hospital into the control and
observation groups. Patients in the control group just received core muscle training; while patients in the observation group were
treated by core muscle training combined with FES. Both groups were treated for 8 weeks. Subsequently, the clinical data and
information of all patients were collected and counted. Muscle strength changes were observed by detecting paralytic dorsiflexor
(pDF), plantar flexor (pPF), knee extensor (pKE), and knee flexor (pKF) before and after treatment. Motor and balance abilities of
both groups were scored through the 10-meter walking test (10 MWT), Berg balance scale (BBS), functional ambulation category
(FAC) scale, timed up and go (TUG) test, and lower extremity motricity index (MI-Lower).
RESULTS: No significant difference was found in clinical data between the two groups. The intensity of pDF, pPF, pKE, and
pKF significantly increased in both groups after treatment, and the intensity of these parameters was higher in the observation
group relative to the control group. Additionally, 10 MWT and TUG test scores of patients in the observation group were notably
decreased while the BBS and MI-Lower scores were significantly increased after treatment compared with those in the control
group.
CONCLUSION: Core muscle training combined with FES can significantly improve the rehabilitation effect of lower limb motor
and balance functions in stroke patients.
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1. Introduction

Stroke has become a serious problem globally. No-
tably, approximately 15 million new stroke cases have
been reported each year globally. The United States
reported over 795,000 patients with stroke, including
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610,000 new and 185,000 recurrent patients. Addition-
ally, stroke is responsible for approximately 140,000
deaths annually in the United States, accounting for
approximately 1 in 20 deaths [1,2]. Patients with stroke
have a 1%–4% probability of developing post-stroke
movement disorder (PSMD). PSMD is not only a lead-
ing cause of mobility impairments and disability but
also directly affects the function and quality of life of
stroke survivors [3]. Movement disorders secondary
to stroke are varied, with different natural courses,
prognoses, and treatment and idiopathic. Additionally,
movement disorders may simultaneously occur with
stroke or present as delayed stroke sequelae [4]. Briefly
speaking, movement disorders can be divided into hy-
perkinesia and abnormal involuntary movements. Gen-
erally, patients with movement disorders are mainly
manifested as athetosis, dystonia, tremor, myoclonus,
asterixis, stereotypes, akathisia, convulsions, vascular
parkinsonism, progressive supranuclear palsy, and other
hypokinetic diseases of insufficient movement or slow-
ness (bradykinesia) [5]. Studies have claimed that ap-
proximately 30% of patients with chronic stroke suffer
from persistent independent walking impairment [6].
Subsequent studies have paid attention to the manage-
ment of patients’ lower limb function recovery and
achieved good effects [7,8]; however, further improve-
ment remains needed.

Afferent stimulation was applied to stimulate the ner-
vous system to improve movement disorders during
the rehabilitation management of patients with stroke.
Afferent stimulation shows more pronounced clinical
benefits compared with other interventions in several
articles. Successful recovery of upper limb motor func-
tion in patients with stroke with simple rehabilitation
techniques, such as massage and vibration, was reported
as early as 1915 [9]. Subsequent studies have further
demonstrated that cutaneous and proprioceptive affer-
ent motor stimulus information contributes to improv-
ing motor performance and promoting effective motor
learning through increasing cortical excitability in the
stimulated body parts [10]. Interestingly, studies in re-
cent years have pointed out the superior effects of func-
tional electrical stimulation (FES) on motor function
recovery in patients with stroke, as electrosensory input
alters the sensory and motor cortex [11]. Currently, tran-
scutaneous electrical nerve stimulation (TENS), per-
oneal nerve FES, and tibialis anterior muscle FES are
considered effective electrical stimulation modalities.
Some studies have stated that FES is more effective
than TENS [12] because it can promote voluntary mus-
cle activity, reduce foot drop and spasm, and maintain

long-term sensorimotor cortical reorganization [13].
Moreover, FES can promote lower limb motor function
rehabilitation and improve the surface electromyogra-
phy signal of lower limbs in patients with stroke [14].
FES is an effective treatment for patients with stroke.
Many other rehabilitation methods are available. For in-
stance, core muscle training presents beneficial effects
on trunk function, standing balance, and mobility in
patients with stroke and can accelerate motor function
recovery in patients with stroke, as proved by many
clinical studies [15]. FES of the gastrocnemius and bi-
ceps femoris in a linear or interval pattern combined
with cycling has been reported to promote rehabilitation
in patients with stroke and improve functional activity
and speed in stroke survivors [16,17]. However, their
research only focuses on a small range of core muscle
training. Concurrently, little is known about the effect
of core muscle training combined with FES on the reha-
bilitation of patients with stroke because previous stud-
ies have demonstrated that core muscle group training
and FES can improve lower extremity motor function
and balance function, respectively. Therefore, this study
hypothesized that combining the two approaches might
produce better rehabilitation outcomes and that using
core muscle group training as a control group would
better compare the efficacy of the two interventions in
combination.

2. Materials and methods

2.1. Study object

This study selected 120 patients with stroke with
hemiplegia receiving rehabilitation treatment at China-
Japan Friendship Hospital from December 2021 to May
2022. They were randomly divided into the control and
observation groups following the FES application. The
control group just performed core muscle training, and
the observation group received core muscle training +
FES.

The inclusion criteria were: (1) the stroke was deter-
mined by magnetic resonance imaging and computed
tomography (CT); (2) patients suffered from the stroke
for the first time and the course of the disease lasted for
< 6 months; (3) functional ambulation category (FAC)
score of > 2; (4) the informed consent form was signed.

The exclusion criteria were: patients who (1) suf-
fered from cognitive dysfunction; (2) severe cardiopul-
monary, hepatic and renal dysfunctions, and other se-
rious diseases; (3) lower limb dysfunction caused by
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other nervous and osteoarticular system diseases; (4)
have an abdominal hernia, abdominal pathology or
surgery [18].

The study conformed to the Declaration of Helsinki.
The study procedures were approved by the ethics com-
mittee of the China-Japan Friendship Hospital (2021-
124-K82).

2.2. Treatment methods

The control group conducted core muscle training
only, while the observation group performed core mus-
cle training + FES treatment.

FES, which is a low-frequency pulse electrotherapy,
was conducted using a TENS temeco electrical stim-
ulation therapeutic apparatus developed in the United
States (Wuxi, China). Specifically, all electrodes were
arranged vertically along the midline. The first elec-
trode was placed over the hyoid bone, the second over
the superior notch of the thyroid cartilage immedi-
ately below the first electrode, and the third and fourth
at equal distances between the first and second elec-
trodes. Electrical stimulation intensity was set as 0–
30 mA (stimulation intensity was limited by patient
tolerance), frequency as 80 Hz, and resistance as 1000
Q. Further, biphasic square waves were applied with
a wave width of 700 ms, 20 beats/min, 17 beats/day,
and 5 beats/week. The treatment of both groups lasted
8 weeks [19].

Core muscle training. 1. Double bridge exercise: a
supine position was required first, followed by hip and
knee flexion; the buttock and waist were lifted in a
“half-bridge” shape through the force from the lower
back; the buttock and the waist were slowly put down
after 15 s, then repeated for a total of 10 sets. 2. Single-
leg bridge exercise: patients were asked to a supine po-
sition and their arms were interlaced in front of their
chests; one leg was straight placed on the yoga ball
and the other leg was bent; the low back and hip were
slowly lifted under the force of the low back and but-
tock, making the shoulder, abdomen, and the leg that
placed on the yoga ball straight; the same action was
performed on the other leg 15 s later; the above action
performed on both legs was set as one group, repeated
for a total of 10 sets. 3. Push-ups: a prone position was
asked, then the upper body was raised by supporting
the bed with both hands; next, the abdominal muscles
were stretched as much as possible until the contraction
of low back muscles was felt; the head was lifted as far
back as possible; the pelvis pressed close to the bed, and
the body was slowly back to the starting position after

20 s, repeated for a total of 10 sets. 4. Lateral leg raises:
the patient lay laterally on the ground, with his right
hand supporting his head and left hand placed in front
of the navel; the body was adjusted in a straight line
through inspiratory, and the left leg was slowly lifted;
the leg was slowly put down and close together to the
other leg on the time of expiration after 5 s; the hip
was kept perpendicular to the ground during this period,
and the exercise was performed on the other side of the
leg again upon rest supine to adjust breathing, repeated
for a total of 10 sets. 5. Kneeling diagonal support:
the patient was asked for a crawling kneeling posture;
hands and knees were close to the ground; the hands
were as wide as the shoulders; the knees were located
below the hip; and the back was kept a straight line;
later, one upper limb was extended, and the diagonal
lower limb was slid backward for a straightening, i.e.,
arms and contralateral leg were extended while the back
remained horizontal; the body returned to the starting
position after 10 s, and the other side of the upper limb
and contralateral lower limb were asked to repeat the
above action; pelvic stability was maintained and both
shoulders were flat during the whole exercise, repeated
for a total of 10 sets. More attention should be paid to
the left abdominal muscle in core muscle group training
for patients with right hemiplegia to help support and
control the left side of the trunk. More attention should
be paid to the training of the right abdominal and dorsal
muscles for patients with left hemiplegia. Additionally,
the location and intensity of stimulation are selected
following the specific situation in training assisted by
FES. All the above exercises were asked for 10 repe-
titions each time, 5 days per week, for 8 consecutive
weeks. Family members were required to assist and
monitor the training of patients after discharge [20].

2.3. Clinical data collection

The gender, age, disease course, primary disease, af-
fected side, and other clinical information of each pa-
tient with stroke with hemiplegia participating in this
study were recorded in detail and are statistically ana-
lyzed.

2.4. Outcome measures

The muscle strength changes of paralytic dorsiflexor
(pDF), plantar flexor (pPF), knee extensor (pKE), and
knee flexor (pKF) of each patient were observed be-
fore treatment or 8 weeks after treatment to clear the
lower limb muscle strength, balance, and motor ability
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Table 1
Comparison of general information between the two group

Observation group (n = 60) Control group (n = 60) X2/t P

Age (year) 41.77 ± 3.56 42.68 ± 3.97 −1.332 0.185
Gender (%) 1.319 0.251

Male 36 (60.0) 42 (70.0)
Female 24 (40.0) 18 (30.0)

Bleeding type (%) 1.656 0.198
Cerebral hemorrhage 30 (50.0) 23 (38.3)
Cerebral infarction 30 (50.0) 37 (61.7)
Hemiplegia (%) 1.645 0.200

Left 24 (40.0) 31 (51.7)
Right 36 (60.0) 29 (48.3)

Time from disease occurrence to treatment 15.33 ± 1.46 15.57 ± 1.61 −0.833 0.407

of patients. Patients were given a 10-meter walking test
(10 MWT) and a timed up and go (TUG) test follow-
ing the scoring requirements. Additionally, patients’
balance, walking, and lower limb movement abilities
were scored through the Berg balance scale (BBS),
FAC, and lower extremity motricity index (MI-Lower).
Two doctors with > 5 years of relevant experience who
were blinded to patient groupings were responsible for
recording the above measure independently. Finally, the
third researcher performed the statistics.

2.5. Statistics and analysis

All study data were analyzed by Statistical Package
for the Social Sciences version 26.0 software. The enu-
meration data were expressed as n (%) and the dif-
ference between the two groups was checked by the
Chi-square test. Measurement data were presented as
mean ± standard deviation, and differences between
the two groups were verified by t-test. P -values of <
0.05 indicated significant differences.

3. Results

3.1. Baseline characteristics of two patient groups

The observation group was composed of 36 males
and 24 females, aged 32–50 years, with an average age
of 41.77 ± 3.56 years, 30 cases had cerebral hemor-
rhage while another 30 cases had cerebral infarction,
and left hemiplegia occurred in 24 patients while right
hemiplegia in 36 patients, as shown in Table 1. The
control group was aged 35–52 years (the average age:
42.68 ± 3.97 years), including 42 males and 18 fe-
males, with 23 patients having a cerebral hemorrhage
and 37 having cerebral infarction, and 31 cases had
left hemiplegia while 29 cases had right hemiplegia.
Further analysis revealed no significant difference in

gender, age, time from disease occurrence to treatment,
and disease condition between the two groups (P >
0.05).

3.2. Changes in lower extremity muscle strength in two
groups

Lower extremity muscle strength changes before and
8 weeks after treatment were detected to observe the
rehabilitation effects of the two groups, respectively. No
significant difference was found in the muscle strength
of the pDF, pPF, pKE, and pKF between the two groups,
but they increased in both groups after treatment. No-
tably, the observation group exhibited much higher
muscle strength of pDF (12.43 ± 2.91, 1.22 times), pPF
(16.53 ± 2.75, 1.19 times), pKE (29.48 ± 5.57, 1.20
times), and pKF (15.17 ± 5.91, 1.32 times) than the
control group. Therefore, core muscle training + FES
could significantly improve the rehabilitation of lower
limb muscle strength in patients with stroke (Fig. 1).

3.3. Comparison of the 10-meter walking test, Berg
balance scale, functional ambulation category,
timed up and go, and lower extremity motricity
index scores between the two groups

The 10 MWT, BBS, FAC, TUG, and MI-Lower of
both groups were scored before and 8 weeks after treat-
ment in light of the scale requirement. Briefly, no ob-
vious difference was found in 10 MWT, BBS, FAC,
TUG, and MI-Lower scores between the two groups
before treatment. Both groups demonstrated decreased
10 MWT and TUG scores while increased BBS, FAC,
and MI-Lower scores after treatment, relative to those
before treatment. Moreover, the observation group dis-
played greatly higher scores of BBS (52.5 ± 3.87, 1.06
times) (Fig. 2B) and MI-Lower (64.95 ± 3.42, 1.10
times) (Fig. 2E) while much lower scores of 10 MWT
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Fig. 1. Lower extremity muscle strength changes in two groups A/B/C/D, The detection for lower extremity muscle strength-related indicators,
including paralytic dorsiflexor (pDF) (A), plantar flexor (pPF) (B), knee extensor (pKE) (C), and knee flexor (pKF) (D), ∗∗ vs Control, P < 0.01.

Fig. 2. Comparisons between the two groups in the 10-meter walking test, Berg balance scale, functional ambulation category, timed up and go,
and lower extremity motricity index scores A, 10-meter walking test (10 MWT); B, Berg balance scale (BBS); C, Functional ambulation category
(FAC); D, Timed up and go (TUG); E, Lower extremity motricity index (MI-Lower), ∗∗ vs Control, P < 0.01.

(20.65 ± 2.97, 0.87 times) (Fig. 2A) and TUG (23.85 ±
3.17, 0.91 times) (Fig. 2D) than the control group upon
treatment. The FAC score was not significantly differ-
ent between the two groups before and after treatment
(Fig. 2C).

4. Discussion

This study aimed to investigate the effects of core
muscle group training and FES on the lower limbs of
patients with stroke. Our study revealed that the com-
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bined rehabilitation program of core muscle group train-
ing combined with FES achieved better rehabilitation
results through dual training for lower limb muscle
strength and balance ability of patients with stroke. This
rehabilitation program is a comprehensive and person-
alized rehabilitation program that can better meet the
rehabilitation needs of different patients.

PSMD, accounting for 22% of all secondary dyski-
nesias, is one of the main causes impairing the mobility
of patients [4]. Therefore, rehabilitation treatment is
particularly important for patients with stroke. Strokes
mainly fall into hemorrhagic stroke and ischemic stroke.
Despite diverse lesions of stroke, stroke-induced move-
ment disorders have no obvious specificity, and the in-
fluence of age, stroke types, and onset latency on ab-
normal movement outcomes remains uncertain [5]. The
causes for the above differences remain unclear. The
incidence of movement disorders caused by strokes
has different clinical investigation results. Some stud-
ies proposed a higher prevalence of PSMD in patients
with hemorrhagic stroke [21]. However, the systematic
evaluation by Suri et al. revealed that two-thirds of the
284 cases of PSMD were secondary to ischemic stroke
rather than hemorrhagic stroke [22]. All in all, many
factors affected the movement disorders of patients with
stroke. This study revealed that the general information,
including gender, age, time from disease occurrence to
treatment, and condition, was not significantly differ-
ent, thus the experiment for efficacy analysis could be
continued.

Paralysis, which is one of the most common manifes-
tations of stroke, is a phenomenon caused by a patient’s
inability or reduced ability to activate motor units of the
will [23]. Clinically, paralysis is manifested as muscle
weakness, reduced muscle activation speed, and the in-
ability of the affected limbs to produce useful functional
movements [24]. The combination of hypertonic flexion
and somatosensory abnormalities in the lower limbs is
often manifested as knee extension and functional leg
extension difficulties, severely limiting the functional
workspace of patients [25]. FES, which is a method of
inducing muscle contraction to assist or restore motor
function, has been applied in gait rehabilitation in pa-
tients with gait defects after neurological disorders [26].
Recently, a study reported the role of FES in the com-
mon peroneal nerve through the long-term use of the
foot drop stimulator significantly. Specifically, the stim-
ulator increases the motor-evoked potential by transcra-
nial magnetic stimulation, maximal voluntary contrac-
tion, and maximal motor waves from common peroneal
nerve stimulation in patients with non-progressive and

progressive diseases (such as multiple sclerosis) [27].
Overall, periodic FES application in the common per-
oneal nerve enhances motor cortex region activation
and its residual descending connections. Additionally,
TENS significantly increases ankle plantar flexion in
patients with chronic stroke [28]. Hence, electrical stim-
ulation is a means of rehabilitating the muscle condition
of stroke. This study revealed that the patient’s pDF,
pPF, pKE, and pKF were improved after 8 weeks of
core muscle training combined with FES. In particular,
FES effectively improves muscle weakness and muscle
activation reduction in patients with stroke.

Additionally, patients with stroke also present symp-
toms, such as ungraded muscle contraction, poor motor
coordination, poor endurance, spasm, and impaired bal-
ance in their lower limbs, which seriously affect their
normal walking ability [29]. Approximately 30% of
stroke survivors are unable to walk independently in the
6 months following a stroke, and the leading cause of
walking dysfunction is the inability to ankle dorsiflex-
ion during the gait swing phase. Reduced ankle dorsi-
flexion, knee flexion, or hip flexion can make the foot
fail to completely disengage from the floor during the
gait swing phase, resulting in difficult and unsafe walk-
ing [30]. Fortunately, electrical stimulation can improve
the walking ability of patients [31]. The rehabilitation
effect of FES and neuromuscular electrical stimulation
on lower extremity function in patients with subacute
stroke has been compared in a study. Shortly speaking,
both stimulations can effectively improve the motor
function of lower limbs in patients, and FES shows a
better improvement relative to neuromuscular electrical
stimulation [32]. This study scored patients using differ-
ent scales. The observation group presented lower TUG
scores while higher BBS scores than the control group
according to the outcomes. Previous studies used TAG
as a common physical performance test that focuses
on observing a subject’s ability to perform sequential
motor tasks related to walking and turning. Generally,
TAG is commonly employed to assess mobility, bal-
ance, and motor ability in elderly or patients with bal-
ance disorders [33]. Similarly, BBS is a commonly ap-
plied scale for evaluating patients’ balance ability [34].
Our experiment revealed a shorter time spending on the
10 MWT and notably increased MI-Lower score in the
observation group than both in the control group. MI-
Lower, which is one of the indicators for effective out-
comes of stroke clinically, is usually utilized to evaluate
the initial functions of lower limb muscles or bones in
patients [35]. The present study revealed significantly
lower 10MWT and TUG scores and significantly higher
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BBS, FAC and MI-Lower scores in both groups after
treatment relative to the pre-treatment period. In par-
ticular, FES combined with core muscle group training
treatment significantly improved balance, walking abil-
ity, and lower limb motor ability in patients with stroke
after treatment. Thus, all of these results indicate that
patients treated with FES combined with core muscle
group training have better recovery of lower extremity
motor ability.

Notably, this study demonstrated many unresolved
issues. First, the sample size was too small, and our
conclusions need to be validated by testing them on a
larger number of patients. Second, we need to further
clarify the specific mechanism of action of functional
electrical stimulation combined with core muscle group
training for patients with stroke.

5. Conclusion

The results of our clinical trial demonstrated that
the combination of FES and core muscle training con-
tributed to muscle balance and motor ability recovery in
the lower extremities of patients with stroke. However,
patients in this study are regional, thus the source of
patients should be further expanded to fully observe the
curative effect of FES.
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