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Abstract---This study was conducted to investigate the therapeutic
effects of three electrotherapy intervention methods on abnormally
elevated muscle tone and reduced functional activities, such as
walking, in stroke patients with central nervous system (CNS) injuries.
A total of 32 subjects diagnosed with stroke were randomized into
three experimental groups: Experimental Group 1 received
extracorporeal shock wave therapy (ESWT); Experimental Group 2
received functional electrical stimulation (FES); and Experimental
Group 3 received transcutaneous electrical nerve stimulation (TENS).
MyotonPRO was used to measure abnormal muscle tone in stroke
patients, and the timed up and go test (TUG) was employed to
evaluate their functional activity by measuring their gait speed before
and after the interventions. All three therapeutic interventions were
applied to the triceps brachii, wrist extensors, quadriceps femoris, and
tibialis anterior muscles three times a week for six weeks. In this
study, decreased muscle tone of the triceps brachii and the wrist and
increased gait speed were observed in Experimental Group 1, and
decreased muscle tone of the tibialis anterior muscle and increased
gait speed were observed in Experimental Group 2. The findings of
this study suggest that the selection of an appropriate therapeutic
intervention according to the type of stroke patient could have a
significant effect on post-stroke rehabilitation, and it would be
necessary to apply specialized therapeutic interventions in the
treatment of these patients.

Keywords---electrotherapy, cerebrovascular disease, proprioception,
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Introduction

Stroke refers to a cerebrovascular disease caused either by interruption of the
blood supply to the brain or by cerebral hemorrhage within the brain tissue,
leading to functional loss in the brain, which controls motor and sensory nerves.
Although the overall incidence and prevalence of stroke have gradually decreased
because of lengthening lifespans, advancements in preventive medicine, and
various other factors, the post-stroke disability rate among survivors has
increased. Stroke usually results in hemiplegia (Caprio et al., 2019). Although the
recovery of lower extremity function in stroke patients is usually effective, the
recovery of upper extremity function is not. For this reason, more than 50% of
patients with post-stroke hemiplegia suffer from paralysis of the upper
extremities, which leads them to have a dysfunctional arm temporarily or even
permanently, which prevents them from using the affected arm in daily life
(Knight-Greenfield et al., 2019).

The compromised motor function in stroke patients results from paralysis of the
contralateral half of the damaged cerebral hemisphere, which leads to motor and
sensory impairments. Stroke patients are known to experience various problems
in their daily functional activities because of impairments caused by synergic
movement patterns or slow responses. Impairments can also be caused by
abnormal gross and fine motor functions, which restrict them from normal gait or
upper extremity movement. In addition, as one of the diseases that cause long-
term disability, stroke reduces mobility and daily living ability (Kimura 2019).
Because of the lack of exercise ability in the lower extremities of stroke patients,
their walking ability and balance are compromised, which increases the risk of
falls. Decreased walking ability and upper extremity activity due to increased
spasticity in the upper and lower extremities and sensory dysfunction on the
affected side of hemiplegic patients are known to be the main factors that impede
their ability to live independently. The gait patterns of stroke patients are
characterized by a slow gait cycle and speed, a large difference in stride length
between the affected side and the unaffected side, as well as a short stance phase
and a long swing phase on the affected side (ladecola et al., 2020).

In post-stroke rehabilitation, intensive training is essential for the effective
recovery of the motor skills of hemiplegic patients and the reorganization of their
nervous tissues. In addition, recent treatment strategies have emphasized
avoiding learned non-use and increasing the use of the paralyzed upper extremity
to facilitate the recovery of upper extremity function in hemiplegic patients after a
stroke (Medeiros et al., 2020). Spasticity, weak upper extremity muscle strength,
and sensory impairment occurring after a stroke lead to the loss of upper
extremity motor control, and as a result, independent activities in daily living,
such as dressing, eating, and personal care, become limited. The loss of function
in stroke patients hinders their independence in daily activities and increases
their dependence, which plays a significant role in lowering their quality of life
(Salazar et al., 2019; Lee et al., 2019).

Extracorporeal shock wave therapy (ESWT) is a non-surgical treatment method
that can be used as an alternative to surgery for the treatment of various
musculoskeletal diseases that are difficult to treat using conventional
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conservative treatment, including orthopedic diseases such as calcific tendonitis
(Auersperg et al., 2020). The shock wave used in ESWT is characterized by the
delivery of large pressure energy at supersonic speeds in a short period. When a
shock wave is irradiated to the interface between the bone and the soft tissue, the
expansion wave is transmitted into the bone, and the pressure wave is deflected
to the soft tissue. Similar to sound waves or light, shock waves are characterized
by reflection, penetration, and diffraction. Furthermore, these powerful pressure
waves are faster than sound waves, and unlike light, they generate a pressure
conversion effect that induces the movement of the surrounding fluid or solid
material (Simplicio et al., 2020).

ESWT generates high-amplitude pressure from outside the body and then focuses
this energy on the diseased treatment area. Various mechanisms of its
histological and physical effects have been described, such as the removal of
stones. It has been reported that direct stimulation by extracorporeal shock waves
(ESW) induces a healing response at the cellular level and activates tissue growth
factors, thereby promoting the formation of new blood vessels (Liu et al., 2019). In
addition, shock wave stimulation has the effect of increasing the pain threshold
by causing a repressive effect on nociceptors. Its various biological effects,
including inflammation reduction and wound healing, have also been reported.
The therapeutic principle of ESWT is to expose lesions in the musculoskeletal
region precisely by transmitting energy to an extent that does not harm the
human body, thereby causing physical changes in the cell membrane (Feng et al.,
2021).

Functional electrical stimulation (FES) is the most commonly prescribed method
in clinical practice to prevent functional and physiological changes caused by
muscle paralysis (Jung et al., 2017). While general electrical stimulation focuses
on muscle reeducation and muscle atrophy prevention in patients with peripheral
nervous system (PNS) lesions or pain, FES applies electrical stimulation to
muscles that, because of CNS lesions, cannot be under normal nerve control to
enable them to move functionally. A dynamic auxiliary training method, FES
provides electrical signals to muscles with motor mobilization impairment to
induce functional muscle contraction. Such stimulation can improve the control
ability of the stiff extensor through intensive strengthening of the affected upper
and lower extremities, thereby increasing coordinated movement in the patient
(atkins et al., 2021).

In FES, an electric current is applied to the muscle, and the electric current
induces an action potential in the peripheral nerve, which causes muscle
contraction. The effects of FES on the lower extremities include activation of the
dorsal flexor muscle to reduce foot drag caused by plantar flexor stiffness and
increase range of motion, which leads to an increase in gait speed
(Sivaramakrishnan et al., 2018). FES applied to the tibialis anterior muscle in
stroke patients can improve muscle strength through neurological feedback. A
previous study reported that FES combined with gait training improved the
strength of the dorsiflexor muscle during the swing phase in stroke patients and
reduced unnecessary synergistic movement (Moll et al., 2017).
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Transcutaneous electrical nerve stimulation (TENS) therapy, which is applied to
patients with pain caused by post-stroke muscle tension, can relieve muscle
tension by stimulating peripheral sensory nerves in the skin using a low-
frequency current. It is also known to have analgesic effects through pain
mechanisms, such as gate control theory and endorphin theory (Zhou et al.,
2018; Lee et al.,, 2020). This treatment method can be applied while freely
controlling frequency and stimulation intensity. According to gate control theory,
thick nerve fibers are stimulated by transcutaneous nerve stimulation to the
extent that no pain is felt, suppressing the delivery of stimulation by the nerve
fibers that transmit pain. As a result, pain is controlled by efferent stimulation
descending from the brain (Astokorki et al., 2017). In contrast, according to
endorphin theory, during electrical stimulation, a large number of endorphins are
produced in the spinal fluid and the brain to control pain. Based on these
theories, TENS therapy can provide electrical stimulation for cell recovery
following cell damage by controlling the period of current flow. It can also promote
the movement of important cells required for recovery according to polarity
(Elboim-Gabyzon et al., 2019).

When functional movements are performed, a movement pattern combining
multiplanar and rotational elements that mobilize gross muscle groups occurs, so
muscle weakness due to damage to the nervous system can cause functional
limitations in a patient’s movement. In other words, in the rehabilitation of
patients with nervous system damage, gross motor exercise methods that
enhance the mobilization of muscles are required (Segarra et al., 2019). When a
patient with functional limitations performs a movement incorrectly, those
muscles can help the patient by correcting it through the compensatory action of
other muscles. PNF is an appropriate treatment method for use in gross motor
exercises. PNF improves function by stimulating proprioceptive groups in muscles
and tendons, increasing muscle strength, flexibility, and balance, and enhancing
coordination in response to neuromuscular stimuli. Furthermore, PNF is known
to be effective in inducing maximal responses by the motor unit (Gunning et al.,
2019).

Currently, in clinical practice, treatment using electrical stimulation, which has
few side effects and is easy to manipulate and control, is applied in several fields.
However, little research has been conducted to determine the most effective and
efficient electrical stimulation method for treating abnormal muscle tension and
the reduced functional activity that occurs after a stroke. Therefore, in this study,
we applied ESWT, FES, and TENS, which are the most commonly, used in clinical
practice among post-stroke electrical stimulation treatments, to investigate their
effects on the muscle tone and functional activity of stroke patients.

Study methods

Subject

In this study, 32 patients who had been diagnosed with stroke and had visited a
rehabilitation hospital were selected as subjects. The inclusion criteria were

patients with scores of 24 or higher on the Korean mini mental state examination
(MMSE-K), patients with a Bug balance scale (BBS) score of 24 or higher, patients
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without hypersensitivity to electrical stimulation, patients who had had surgery
on an upper or lower extremity more than six months previously, patients who
were not taking antidepressants, patients who were not taking anticonvulsants,
and patients who could understand the researcher’s instructions. The exclusion
criteria were patients with severe spasticity, incapable of passive extension of the
upper extremity and passive flexion of the lower extremity, patients who were
unable to walk or had poor stability while walking, patients with orthostatic
hypotension, patients in whom the disease was aggravated by fractures or
damage to a joint, and patients who could not continue to participate in the
study.

Patients who met all the inclusion criteria were randomly assigned to
Experimental Group 1 (11 patients), Experimental Group 2 (10 patients), or
Experimental Group 3 (11 patients). After a general explanation of the purpose,
procedure, treatment, efficacy, and side effects of the experiment before the start
of the study, the subjects signed a written informed consent form before
participating in the study. All procedures in this study were conducted according
to the regulations on research ethics in compliance with the Declaration of
Helsinki. Experimental Group 1 received ESWT, Experimental Group 2 received
FES, and Experimental Group 3 received TENS. In this study, the therapeutic
intervention method applied to each experimental group was performed three
times a week for six weeks, a total of 18 applications. Prior to the experiment, a
physical therapist with more than five years of clinical experience conducted pre-
evaluations, and the same physical therapist conducted post-evaluations after the
final application of the intervention (Figure 1).

Subjects (N=36)

Exclusion criteria
MMSE-K < 24
Severe spasticity

Randomization
(n=32)

v v

Experimental 1 group Experimental 2 group Experimental 3 group
(ESWT, n=11) (FES, n=10) (TENS, n=11)
Pre-test

(Muscle tone-Myoton PRO, Activity function-TUG )

Al

‘ Therapeutic interventions

L

Pre-test
(Muscle tone-Myoton PRO, Activity function-TUG )

Figure 1. Flow chart of study
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Evaluation Methods
Muscle tone

Muscle tone is determined by the mechanical stiffness and elasticity elements of
the skeletal muscles. Muscle tone provides tension during posture maintenance
and active movements. In addition, it enables sufficient movement during muscle
contractions without spontaneous movement. The maintenance of muscle tension
is achieved neither by reflexes nor by mechanical mechanisms. In this study, the
term muscle tone refers to the elasticity and stiffness of a muscle.

Muscle tone was measured using Myoton PRO (Myoton Ltd., UK) in the multi-
scan mode, which showed an average value of 10 taps. In the subject’s sitting
position, muscle tone was measured at the proximal musculotendinous junction
on the insertion regions of the triceps brachii and the wrist and finger extensors.
In addition, muscle tone was measured at the proximal musculotendinous
junction on the insertion region of the quadriceps femoris and at the distal
musculotendinous junction at the origin of the tibialis anterior muscle while the
subject was in the supine position with the knee joint maintained at 30 degrees of
flexion and the tool maintained vertically. The average value of the three
measurements for each region was used for the analysis.

Activity Functions

In this study, the TUG test, which simultaneously measures the gait and balance
ability of stroke patients, was applied. The TUG test quickly measures basic
mobility and balance in the length of time it takes for a subject sitting on a chair
with armrests to rise and walk 3m, and return to sit on the chair. If it takes more
than 30 seconds, the subject is considered incapable of moving outdoors alone, as
basic mobility is dependent. It takes less than 10 seconds for normal adults and
11 to 20 seconds for frail elderly or disabled persons to complete this exercise. If it
takes more than 20 seconds, functional motor impairment is indicated. The TUG
test is an evaluation tool that has been used to predict the risk of falls by
evaluating balance ability and functional movement in the elderly. It has recently
been applied to patients with stroke, Parkinson’s disease, and arthritis.

Treatments
ESWT

ESWT was applied to a position 1 cm above the lateral epicondyle, which is the
origin of the extensor muscles of the hand and wrist joints, and to the
musculotendinous junctions on the insertion regions of the triceps brachii,
quadriceps femoris, and tibialis anterior muscles. An ESWT machine (Optimus,
Salus Talent 3, Korea) that generated shock waves was used to apply ESWT to
each site. The patients sat comfortably on a chair with a backrest, and ESWT was
applied while they extended their elbow joints as much as possible through a
passive assistive exercise.
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The same shock wave stimulation was applied to each musculotendinous junction
part, 300 times each at a frequency of 2 Hz and a power of level 1, a total of 1,200
times, which was defined as one set. In this study, two sets of ESWT were applied
to each of the four regions, and a break of one minute was provided after each
region was treated.

FES

In this study, an FES device (Microstim, Germany) was used to apply FES to the
triceps brachii, wrist, finger extensors, quadriceps femoris, and tibialis anterior
muscles of the patient in a stable sitting position. The intensity of the electrical
stimulation was adjusted to the extent that sufficient movement was observed in
the upper extremities.

In addition, the intensity was fixed from 15-20 Hz to achieve complete contraction
by minimizing fatigue while obtaining the necessary contractile force through
repetition of the stimulation wave. Such waveforms reduce pain or discomfort
caused by stimulation, reduce muscle fatigue, and help achieve strong contractile
force, so they are widely used for the control of paralysis in the upper and lower
extremities. The treatment time was set at 25 minutes.

TENS

A TENS treatment device (H-3000, Korea) was used to apply TENS to relieve
muscle tone. The voltage and frequency were set at AC 220, 20 Hz, and
stimulation was applied to the triceps brachii, wrist, and finger extensors,
quadriceps femoris, and tibialis anterior muscles. TENS was regulated to provide
low-frequency, high-intensity stimulation, and the treatment intensity was set so
that contractions were visible without causing pain. For the position and
arrangement of the electrodes of the TENS treatment device, a multichannel
arrangement method using eight electrodes from four channels was used, and the
treatment time was set at 25 minutes.

Data Analysis

The collected data were analyzed using the statistical processing program SPSS
version 18.0, and the mean and standard deviation of the dependent variables
were calculated. The difference between the pre-evaluation and the post-
evaluation of the experimental groups was investigated using the corresponding
sample t-test, and the difference in the size of the treatment effect according to
the treatment method was compared using ANOVA. Post hoc tests were performed
using Duncan. The statistical significance level a was set at 0.05.

Results

The comparison of the average muscle tone measurements in the muscle tone test
before and after intervention yielded the following results: In Experimental Group
1, to which ESWT was applied, a reduction in muscle tone was observed in all
regions. The average muscle tone measurements were 14.65 + 3.45 before the
intervention and 12.53 £ 4.19 after the intervention in the triceps brachii; 12.29 +
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2.96 before the intervention and 10.99 + 3.21 after the intervention in finger and
wrist extensors; 17.85 £ 4.15 before the intervention and 16.29 = 3.19 after the
intervention in the quadriceps femoris; and 16.67 + 3.16 before the intervention
and 16.01 * 3.11 after the intervention in the tibialis anterior muscle (Figure 2).

In Experimental Group 2, to which FES was applied, a reduction in muscle tone
was observed in all regions. The average muscle tone measurements were 15.32 +
4.15 before the intervention and 14.96 + 3.78 after the intervention in the triceps
brachii; 12.97 * 1.98 before the intervention and 12.01 + 2.53 after the
intervention in finger and wrist extensors; 18.24 * 5.23 before the intervention
and 17.97 + 4.75 after the intervention in the quadriceps femoris; and 16.12 *
3.67 before the intervention and 14.22 + 2.61 after the intervention in the tibialis
anterior muscle (Figure 3).

25
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0
Triceps brachii Finger and wrist Quadriceps femoris Tibialis anterior
extensors

M Pre-test [ Post-test

Figure 2. Comparisons of muscle tone between pre-test and post-test in
experimental group 1
“p<0.05, Mean+SD; Meantstandard deviation
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Figure 3. Comparisons of muscle tone between pre-test and post-test in
experimental group 2
“p<0.05, Mean+SD; Meantstandard deviation

In Experimental Group 3, to which TENS was applied, a reduction in muscle tone
was observed in all regions. The average muscle tone measurements were 14.26 £
3.11 before the intervention and 13.96 * 4.67 after the intervention in the triceps
brachii; 12.78 * 2.67 before the intervention and 12.78 + 2.67 after the
intervention in finger and wrist extensors; 17.32 = 4.78 before the intervention
and 17.22 £ 4.22 after the intervention in the quadriceps femoris; and 15.85 %
3.90 before the intervention and 15.25 + 4.79 after the intervention in the tibialis
anterior muscle (Figure 4).
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Triceps brachii Finger and wrist Quadriceps femoris Tibialis anterior
extensors

W Pre-test @ Post-test
Figure 4. Comparisons of muscle tone between pre-test and post-test in
experimental group 3
“p<0.05, Mean+SD; Meantstandard deviation
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Statistically significant changes in measurements were found after the
intervention in the triceps brachii and the finger and wrist extensors in
Experimental Group 1 and in the tibialis anterior muscle in Experimental Group
2, compared with the measurements before the intervention. However, no
statistically significant change was found in the comparison of the average
measurements before and after the intervention in Experimental Group 3.

The comparison of average gait speed measured by the TUG test before and after
the intervention showed the following results: In Experimental Group 1, to which
ESWT was applied, gait speed increased statistically significantly from 24.54 *
7.36 before the intervention to 21.57 + 6.27 after the intervention. In
Experimental Group 2, to which FES was applied, the average gait speed
increased significantly from 25.34 + 8.25 before the intervention to 23.11 + 6.36
after the intervention. However, in Experimental Group 3, to which TENS was
applied, the average gait speed was 23.59 = 8.47 before the intervention and
22.81 * 6.24 after the intervention, and no statistically significant change was
found (Figure 5).

Discussion

The timing of interventions in stroke patients is a critical element in post-stroke
rehabilitation. The active treatment of acute-stage patients has a positive effect on
their functional recovery after a stroke (Arya et al., 2018). The functional level of
most stroke patients recovers within three months after the onset of the disease,
gradually improving between three and six months thereafter. In particular,
limitations in functional activities that may occur due to motor and
perceptual/cognitive impairments in stroke patients hinder the recovery of a
patient’s activities after a stroke (Alawieh et al., 2018).

For efficient post-stroke rehabilitation treatment, joint exercise is required to
prevent contracture in major joints within a few days of the onset of stroke. In
addition, the post-stroke rehabilitation of patients should be aimed at restoring
their function and helping them lead independent daily lives. In the course of the
functional recovery process of stroke patients, improving walking ability is the
main goal of physical therapy (Niu et al., 2019). The gait pattern of stroke patients
is characterized by slow speed, excessive effort, and poor coordination. Gait speed
is an important element that negatively affects a patient’s walking ability, their
ability to function physically, and therefore their ability to live independently
(Wonsetler et al., 2017).
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Figure 5. Comparisons of TUG between pre-test and post-test
“p<0.05, Mean+SD; Meantstandard deviation

The advantage of ESWT is that it offers non-surgical and non-invasive treatment
options. In addition, it can be applied easily to patients with musculoskeletal
system disorders (Reilly et al., 2018). Moreover, because the recovery time after
treatment is fast, its impact on daily life is minimal. The advantages include the
non-requirement of pre-procedural preparations, such as anesthesia. There are
few side effects, and compared with the effectiveness of this treatment, the cost is
low. It has been reported that ESWT can be used as a therapeutic tool for patients
with neurological diseases, such as dystonia and convulsions, in addition to
patients with musculoskeletal disorders (Korakakis et al., 2018).

Based on the energy transfer method, there are two types of ESW: concentrated
and radial. In radial ESW, the air condensed by the pneumatic device inside the
shock wave is instantaneously released and collides with several pendula
arranged in a straight line, which generates a pressure wave. As a result, energy
is radially diffused. In concentrated ESW, some piezoelectric elements are
sporadically arranged on a conical collecting plate inside the shock wave, which
concentrates individual shock waves generated by the piezoelectric effect after
electrical stimulation at one point (Raza et al., 2017).

In ESWT, a small tensile wave element is represented by one main positive
pressure wave that has a frequency range of several kHz to 10 MHz or more. The
focal area of ESWT is the position in which the shock wave is focused during
treatment, which is reached by 80% of the maximum amount of emitted energy
(Gomez-Garcia et al., 2017). The energy in this focal area is defined as the energy
density per shock, and the unit area is recorded in joules. The dosage of ESWT is
specific to each subject according to their pain level. Therefore, it is important to
find the appropriate dosage for each patient and indication. The patient should be
closely monitored during treatment, which begins with a low energy level at the
site with the severest pain. The energy level is then increased as the treatment
progresses (Porst 2021).
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In ESWT, changes in pressure are delivered to elastic materials, such as gas,
liquids, and solids, at the speed of ultrasound using pressure waves induced by a
high-speed oscillation phenomenon. ESWT also increases blood flow by
pulverizing bodily deposits, triggers the healing process through an inflammatory
response, and controls pain by reducing neurotransmitters (Wang et al., 2018).
The hyperstimulation analgesic theory was developed to describe the analgesic
effect of ESWT. According to the physical effect theory, changes in cell membrane
permeability and the inducted diffusion of radicals facilitate the healing of
ruptured tendons (Frassanito et al., 2018).

The physical effect of ESWT is that the mechanical energy of the shock wave is
converted into chemical energy in the connective tissue located in the
extracellular matrix. With the help of membrane receptors and ion channels
containing proteins, this energy is conducted into the nucleus through the
cytoskeleton. Then, in the cell nucleus, chain-like signals induce gene
transcription and expression to produce mechanosensitive kinases, leading to the
enrichment of collagenase (Lee et al., 2021).

In this study, statistically significantly lower muscle tone was observed after
intervention in the triceps brachii and wrist extensors of the subjects in
Experimental Group 1, to which ESWT was applied. A statistically significant
increase in walking ability was also observed in this group after the intervention.
These results suggest that ESWT promotes the reconnection and reorganization of
motor and sensory nerves by readjusting the microenvironment of the damaged
neural circuit, thereby increasing the functional activity of the subject.

Currently, treatments based on motor control reeducation theory allow stroke
patients to learn motor functions by creating an environment that helps them to
use their upper and lower limbs on the paralyzed side. Functional electrical
stimulation (FES) therapy helps patients maximize motor reeducation while
performing active, repetitive motor training (Johnston et al., 2021). FES can be
applied to the residual nerve conduction pathway downstream of the injury to
restore lost function in patients with CNS impairments. Therefore, FES is widely
applied to patients with stroke or spinal cord injury for the purpose of
strengthening muscle strength, re-educating muscles, and improving paralyzed
limb functions (Sharif et al., 2017).

As a tool for providing positive feedback by inducing movement in the paralyzed
muscles of patients, FES therapy has positively affected the quality of life of
stroke patients for many years. It is also frequently applied in clinical practice as
a treatment method to restore lost motor function in patients with neuromuscular
damage (Lee et al.,, 2018). In addition, FES is used to induce muscle
strengthening and improve functional movements, such as walking ability.
Electrical stimulation is applied to patients suffering from CNS damage, such as
stroke, multiple sclerosis, and spinal cord injury. FES therapy has been widely
applied to the affected muscles of stroke patients to reduce spasticity, strengthen
muscle strength, and improve daily living activities (Alashram et al., 2020).

FES therapy is used in clinical practice to provide electrical stimulation to the
affected peripheral motor nerves in order to contract muscles, thereby creating
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joint movements and, by extension, functional movements. FES therapy can be
easily applied in a clinical setting, and it has the advantage that passive or active
functional activation training assisted by a therapist can be applied
simultaneously (Straudi et al., 2020). FES training induces muscle contraction by
applying electrical stimulation to weakened and paralyzed muscles, so effects
such as strengthening muscles and preventing muscle atrophy can be expected.
The FES training applied in this study differed from conventional FES training, in
which muscle contraction was induced only through passive stimulation in an
open-chain situation. Active intervention is employed by combining active
movements with electrical stimulation, so it is more effective than passive
electrical stimulation treatment in recovering the function of stroke patients
(McCaughey et al., 2019).

FES can be applied to damaged nerve conduction pathways to restore lost
function in patients with CNS impairments. This treatment helps maximize motor
reeducation while patients perform active and repetitive movement training. In
addition, a previous study reported that FES could improve control ability in
areas where non-separated cooperative movements occurred through intensive
strengthening of muscles in the paralyzed area and that FES applied to the calf
nerve was effective in restoring the muscle strength of the dorsiflexor muscle
during the swinging phase, thereby preventing foot drop, and in alleviating
stiffness of the plantar flexor muscle, thereby increasing gait speed (Takeda et al.,
2017).

The effects of FES are both peripheral and central. Peripheral effects include
improvement in muscle strength and endurance, elongation of muscle length and
connective tissue, and reduction in muscle stiffness. Central effects include
cortical reorganization, the ignition of sensorimotor nerves, and the induction of
reorganization of the cortex and segments at the upper level of the spinal cord
(Ushiba 2019). In Experimental Group 2, to which FES treatment was applied,
statistically significant changes in the muscle tone of the tibialis anterior muscle
and in walking ability were found after the intervention.

Transcutaneous electrical nerve stimulation (TENS) has been applied as an
electrical treatment to improve pain perception and control pain intensity.
However, in some previous studies, it was also applied to control and manage
spasticity in patients with CNS damage. TENS has the effect of suppressing
abnormal muscle stretch reflex activity. A previous study reported that the
experimental group to which high-frequency TENS was applied showed a decrease
in spasticity and an increase in postural stability in stroke patients, regardless of
whether an exercise was performed in parallel (Fernandez-Tenorio et al., 2019). In
the present study, the effects of TENS therapy on abnormally elevated muscle
tone and decreased functional activity in stroke patients were investigated. Unlike
previous studies, the present study failed to find any statistically significant
changes in muscle tone and gait speed after the intervention. These results could
be attributed to the fact that the sample size was too small and that the
application site and duration of TENS used as the therapeutic intervention in this
study were inappropriate.
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Conclusion

Stroke patients experience a decrease in their ability to perform sophisticated
movements, including their balance and gait. As a result, the functional activities
necessary for independence in daily life are limited (Zhao et al., 2015). These
disabilities are caused by complex functional impairments. Therefore, in this
study, the effects of ESWT, FES, and TENS on abnormal muscle tone and
decreased functional activity after CNS injury were investigated.

The muscle tone of the triceps brachii and the wrist extensors decreased in
Experimental Group 1, to which ESWT was applied, and gait speed increased in
this group. In Experimental Group 2, to which FES was applied after the
intervention, the measurements showed statistically significant changes in the
muscle tone of the tibialis anterior muscle (decrease) and in gait speed (increase)
compared with the measurements before the intervention. These results indicate
that ESWT and FES applied to stroke patients can improve muscle tone control
and functional activity after CNS damage. Moreover, if they are performed in
combination with manipulative physical therapy, ESWT and FES could be very
effective in the rehabilitation of stroke patients.

This study has the following limitations. The number of subjects was small, and
the therapeutic interventions did not have equal degrees of treatment
effectiveness. In addition, the patient evaluations were conducted only before and
after the intervention, and the period in which the interventions were applied was
short (six weeks). Based on the findings of the present study, further research
should be conducted to extend the therapeutic evidence by exploring a range of
methods that could effectively enhance muscle tone control and functional
activity in stroke patients.
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