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INTRODUCTION

Abstract

Objective: We studied the effect of the purposeful activities and the elec-
trical stimulation therapy program (PA-EST), based on the patient’s in-
terests and preferences as a purposeful electrical stimulation therapy in
patients with chronic severe hemiparesis in the upper extremity. The aim
of the therapy was to prevent the disuse of upper extremity switching to
supportive upper extremity. The therapy is designed to conform to the
intent, practice, subjective experience and self-efficacy of the theory of
occupational therapy.

Methods: The purposeful movements of disused upper extremity of two
severe chronic hemiplegia patients were studied for the effect of PA-EST,
aiming for the lifestyle improvement management. In the first phase, muscle
contraction force and blood flow to the muscles were promoted based on
purposeful movements using supportive-type electrical stimulators. In the
second phase, after voluntary contraction was confirmed, purposeful activ-
ities were conducted using volition control electrical stimulators. This regi-
men was performed as one cycle every seven months, with a rest period of
one month between each cycle to confirm voluntary activities.

Results: After clarifying the purposeful activities within activities of daily
living (ADL), electrical stimulation therapy was administrated. The amount
of the use of the upper extremity on the severely paralysed side was signifi-
cantly increased in these ADL.

Discussions: The study demonstrated the totally disused upper extremity
of the patients with chronic severe hemiparesis can be transformed to func-
tional restoration of purposeful activities, allowing improvements in ADL of
the patient. We hypothesise the transition of the paralysed limb to a useful
hand can be attained through the application of PA-EST to promote ADL of
the patients with chronic severe hemiparesis.

life, after repeated failures in using the severely para-

Hemiplegia due to cerebral stroke is associated
with great interference in daily life. The treatment
of hemiplegia patients usually requires an intensive
approach, and the recovery from upper extremity
paralysis is often difficult (Hendricks, 2002). Wolf et
al. (1989) explained the reason of this difficulty that
the patients have a risk of learning not to use the
paralysed extremities. In severe hemiplegia due to
stroke, the lack of motivation or voluntary movement
is observed especially in the functional movement
of hands, and the patients are discharged and sent
home without enough rehabilitation (Alexander, 1994).
Then the patient learns not to use their hand in daily
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lyzed upper extremity at home.

Recently, various approaches have been reported
in addition to conventional exercise therapy, includ-
ing constraint-induced movement therapy (Wolf,
1989; Frit, 2005), therapeutic electrical stimulation
(Bolton, 2004; Francisco, 1998; Sasaki, 2012) and
hybrid assistive neuromuscular dynamic stimulation
therapy (Fujiwara, 2009). Yamaguchi et al. (2011)
developed an integrated volitional control electri-
cal stimulator (IVES) to apply in clinical settings.
Furthermore, Thorsen et al. (2001, 2006) devised a
myoelectrical controlled functional electrical stim-
ulation (MeCFES) system and developed a device
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in which wrist extensor electrical signals directly
control the same muscle stimulation to enhance
wrist extension under voluntary control in patients
with quadriplegia. The effects of objective-orient-
ed approaches and MeCFES in the acute phase
have been demonstrated (Jonsdottir, 2017). Sever-
al therapies have been developed to facilitate the
rehabilitation of the paralysed upper extremity by
supporting voluntary movements. Functional elec-
trical stimulation has also been used to treat the
upper extremity of moderate chronic stroke survi-
vors with some efficacy (Alon, 2003; Japan Stroke
Society, 2015). However, no study has investigated
the effect of functional electrical stimulation on
the upper limbs of BRS | to Ill because of severe
hemiparesis and almost no wrist joint movements
in chronic stroke survivors. Though home medical
care is strongly recommended in Japan, a home-
based rehabilitation program for severe chronic
stroke survivors is not easily attainable.

Challenge-oriented approaches of occupational
therapy is a preferred neurorehabilitation intervention
to improve work performance in patients with neuro-
logic disorders, such as cerebrovascular or traumatic
brain injuries (Bass-Hangen, 2008; Almhdawi, 2016).
We used a combination of purposeful activities and
electrical stimulation therapy (PA-EST) in patients
with chronic severe hemiparesis in the upper extremi-
ties. It was based on the patients’s interests and pref-
erences as a purposeful electrical stimulation therapy
with the aim of preventing the disuse of the paralysed
upper extremity and promoting the transition of such
extremities to supportive upper extremities (Minami,
2020). This conforms to the principle of occupation-
al therapy-based intent and practices incorporating
subjective experience and self-efficacy (Yerxa, 1967;
Mobily, 1982; Kielhofner, 2008). This is an intervention
method that combines lifestyle improvement man-
agement and advanced technologies (Minami, 2020),
as recommended by the Japan Association of Occu-
pational Therapists (Fukui, 2019). This therapy aims
to increase the use of the severely paralysed upper
extremities in daily life by clarifying purposeful activ-
ities within daily life and using electrical stimulation
therapy in parallel.

The present study reports on patients with chronic
severe hemiparesis in the upper extremity at a level of
disuse whose transition is made from neuromuscular
electrical stimulation (NMES) to IVES in response to
functional restoration during purposeful activities of
the patients.

METHODS
Patient selection

The selected patients were post cerebral stroke
patients who lived at home for more than three years
since the onset of the stroke. Patients with Stage I-
[l hemiplegia in fingers and Stage |-lll hemiplegia in
the upper extremity were selected. The patients had
motor function of less than 50 points based on the
Fugl-Meyer Assessment (FMA). Other inclusion crite-
ria were frequency of intervention with occupational
therapy, cognitive function at a level of being able to
engage in daily conversation, and not to have issues
with higher order function in daily life. The patients
also had to be able to maintain a sitting position at
the wheelchair level and to maintain a sitting position
for longer than 30 min.

Two patients participated in this study. As an at-
tempt to observe transition to volitional control elec-
trical stimulation, participants (they; the patients)
received supportive electrical stimulation and pur-
poseful electrical stimulation therapy.

PA-EST

Electrical stimulators were attached to the par-
alysed muscles to administer electrical stimulation
to the upper extremities paralysed due to central
nervous system disorders. Supportive electrical stim-
ulation and volitional control electrical stimulation
can help restoring functional operations. Purposeful
electrical stimulation therapy is a method that makes
a use of the features of each device and a proper
use of the device is in accordance with the patients’
conditions. An appropriate use of the upper extrem-
ity in the paralysed side was encouraged based on
the patients’ interests and preferences. This was
performed as part of non-purposeful activity train-
ing, such as block stacking. The program had two
phases of electrical stimulation, each with purposeful
activities. The program includes electrical stimulation
for three months, a rest period of a month, and PA-
EST for an additional 3 months (Table 1). In the first
phase, muscle contraction force and blood flow to
the muscles were promoted based on purposeful
movements using supportive-type electrical stimula-
tors. In the second phase, after voluntary contraction
was confirmed in the first phase, purposeful activities
were conducted using volition control electrical stim-
ulators. This regimen was performed as one cycle
every seven months, with a rest period of one month
between each cycle to confirm voluntary activities.

While confirming the habituation to electrical stimu-
lation, this program shifted to a program that focused
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Table 1. Hybrid program of purposeful electrical stimulation therapy

Phase 1 (supportive electrical stimulator)

Phase 2 (volitional control electrical stimulator)

tailored to the patient's daily life rhythm

Implementation Rest . Implementation Rest .
. . Implementation . . Implementation
Approximately 3 Approximately 1 Approximately 3 | Approximately 1
3 months 3 months
months month months month
e Electrical stimulation (supportive electrical stimulator) *  Become familiar with electrical stimulation
* Approximately 5-30 min X 2 times/day Rest (volitional control electrical stimulator)
¢ Focused training on activities of daily living period * Approximately 5-30 min X 2 times/day
Purposeful . . . . . S
. (supportive electrical stimulator) I month | »  Focused training on activities of daily living
electrical . . . . . .
. . * Approximately 10-30 min x 2 times/day (volitional control electrical stimulator)
stimulation . . M . . .
therapy ¢ The rest period encourages active use of the paralysed Approximately 10-30 min x 2 times/day
upper extremities in activities of daily living e The rest period encourages active use of the
paralysed upper extremities in activities of daily
living
¢ Clarify the patient's purposeful activities and design a program that combines the ability of the paralysed upper extremity with
Occupational an electrical stimulator
theragy e Confirm and instruct the patient on daily activities using the paralysed upper extremity and provide support that is reasonably

*  Support habits and roles tailored to daily life rather than on a program focusing on the patient’s functional ability

Table 2. Amount of use and intensity of orthosis-type electrical stimulation in phase 1

Minute/ | Minute Training Content 1 Training Content 2 Pulse Frequency of
ID . . . . . :
1w /1 session (min) (min) width stimulation
A 80.0 10.0 FAST OPE(IIIOI)EXERCISE 240 ps 36 Hz
B 126.5 20.0 FAST OPE(I]\IOI)EXERCISE OPEN EXERCISE (10) 240 ps 36 Hz

Fast open exercise, exercise to repeatedly open or relax the hands (to stimulate at a high rate)

Exercise, exercise to repeatedly open and close the hands
Open exercise, exercise to repeatedly open and relax the hands

on ADL based on the observed movements of the
forearm driven by electrical stimulation. The occu-
pational therapist clarified the purposeful activities
based on the interests and preferences of the pa-
tients, and the individualized programs were planned
to combine the ability of the upper extremity on the
paralysed side and electrical stimulation. The activ-
ities in this study were performed using NESS H200
as the supportive electric stimulator and WILMO as
the volition control electric stimulator. The transition
from the first to second phase was based on the
observation of voluntary muscle contractions in the
forearm on the paralysed side. Supportive electrical
stimulation was performed for 60 min. a day at least
three times a week as self-training or training in the
presence of therapists. Volition control electrical stim-
ulation was performed for approximately 10 min per
dose, three times per week in the presence of a ther-
apist whenever possible (Table 2).

Study protocol

Physical function assessment of the study was
performed by the first author, and actual therapy was
administered by a treating therapist. The written in-
formed consent was obtained from all participants.
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The study protocol was reviewed by the ethical com-
mittee of the Osaka Kawasaki Rehabilitation Universi-
ty (@approval number: OKRU30-A018).

RESULTS
Patient A

Patient A was a female in her early 50s with a ce-
rebral stroke five years before the recruitment. During
hospitalisation, although the patient underwent inten-
sive rehabilitation, the paralysed upper extremity was
not recognised as a usable upper extremity in daily
life at the time of hospital ization. After her discharge,
the patient underwent one occupational therapy visit
and one physical therapy visit and spent approxi-
mately five years at home. According to the patient,
the disease state remained unchanged for five years,
and she spent most of her life at home, that she
rarely go out of home. She looked forward to playing
with her grandchildren (children of her daughter) who
sometimes came to visit her.

The patient’s motor function in FMA was 13 points
for the upper extremity and 10 points for the lower
extremity, which was atotal of 23/100. The amount
of use in the Motor Activity Log (MAL) was 0.00 and
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the quality of movement was 0.00. The paralysed
upper extremity was spastic and painful when it was
moved. The patient spent her life watching TV in a
sitting position on a bed every day. Changes in motor
function and lifestyle were described supportive elec-
trical stimulator period and volitional control electrical
stimulation period separately.

(1) Phase 1: Duration of supportive electrical stimu-
lation (3 months + rest + 3 months)

The patient’s goal was to hold her grandson’s hand
with her paralysed upper extremity. Using the sup-
portive electrical stimulator, the training to extend the
elbow in proportion to the stimulation pattern of the
electrical stimulation was performed. The duration
of use for six months was approximately 20 min per
day. During physical function evaluation, the motor
function in FMA was 27 points for the upper extremi-
ty and 22 points for the lower extremity, which was a
total of 49/100 points. The amount of use in MAL in-
creased to 0.8 and the quality of movement improved
to 1.11. In the patient’s daily life, she was able to walk
to the bathroom with towels and clothing placed be-
tween the extremities on her paralysed side (Figure 1).
However, she could not hold her grandchild’s hand.
Muscle contractions were observed in the forearm of
the paralysed upper extremity. After one-month rest

period, the patient was transitioned to a volitional
control electrical stimulator.

(2) Phase 2: Duration of volitional control electrical
stimulation (3 months + rest + 3 months)

The patient’s goal was to be able to walk in a re-
laxed manner, put cling wrap on dishes and to hold
down vegetables so that they could be cut up. These
goals were assessed using the Goal Attainment Scal-
ing (GAS)-Light. The ADL goals were set as (1) walk-
ing to go shopping with relaxed upper extremities
and (2) wrapping dishes. Using the volitional control
electrical stimulator, the movement of pushing while
the elbow joint was extended was performed under
the assistance of a therapist. The stimulator was used
twice a week with the therapist for approximately
5-10 min. The motor function in FMA was 34 points
for the upper extremity and 24 points for the lower
extremity, which was a total of 58. When performing
FMA was performed, the patient stated that she felt
the weight of her arms decreased. The amount of
use in MAL was 0.9 and the quality of movement was
0.9. In terms of ADL, wrapping side dishes with cling
wrap and holding cucumbers while cutting became
possible (Figure 2). During her walks, the patient held
her grandchild’s shoulders with her non-paralysed
extremity and was able to walk in a relaxed manner at

Training scene/Living act
scene

Initial
evalu-
ation

Training scene

Final
evalu-
ation

Figure 1. The first phase of the practice result (Ms. A)

*A: raise your hand to the paralysed ear in the sitting position

*B: turn your hand to the lumbar spine while sitting

Modified from Seigo Minami, Hideaki Aoki, Ryuji Kobayashi, Yoshihiro Fukumoto, Tomoki Aoyama. Tran-
sition of a severely hemiparetic upper limb to a supporting upper limb: Development of a purposeful ac-
tivity-electrical stimulation therapy rehabilitation program (A report of three cases). Japanese Academy of

Health Sciences. 2020;23(1): 14-24.
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Training scene/Living act
scene

Initial
evalu-
ation

Final
evalu-
ation

Training scene

r

o

Figure 2. The second phase of the practice result (Ms. A)
*A: Raise your hand to the paralysed ear in the sitting position
*B: Turn your hand to the lumbar spine while sitting

A

Training scene/Living act
scene

Initial
evalu-
ation

Initially, there was no
resistance to projecting a
face and there was no
video (intention of the
person)

As a result, shoulder
flexion was <90° and the
hand did not go up to the
shoulder

Training scene

Final
evalu-
ation

Living act scene

Figure 3. The first phase of the practice result (Mr. B)
*A: Shoulder flexion 180° in the elbow extension position
*B: Wrist joint 15° dorsiflexion with shoulder 0° and elbow flexion 90°

Modified from Seigo Minami, Hideaki Aoki, Ryuji Kobayashi, Yoshihiro Fukumoto, Tomoki Aoyama. Tran-
sition of a severely hemiparetic upper limb to a supporting upper limb: Development of a purposeful ac-
tivity-electrical stimulation therapy rehabilitation program (A report of three cases). Japanese Academy of
Health Sciences. 2020;23(1): 14-24.
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her grandchild’s pace. The frequency of their outings
also increased. Based on GAS-Light, baseline score
was 31.4, which increased to 68.6; the difference was
37.2 points.

Patient B

This patient was a male in his late 50s who was
diagnosed as thalamic haemorrhage seven years
before participating in this study. He underwent in-
tense rehabilitation and returned to work with the
support from his family and employer. After returning
to work, he underwent a weekly occupational ther-
apy visit and weekly physical therapy visit at home.
His ADL was almost independent except for walk-
ing, bathing, and wearing/ removing clothing. He
used of an electric wheelchair for movement.

Motor function in FMA was 28 points for the up-
per extremity and 11 points for the lower extremity,
which was a total of 39/100 points in the paralysed
upper extremity. Skin sensation and positional sens-
ing were severely impaired. The amount of use in
MAL was 0.71 and quality of movement was 0.64.
The paralysed upper extremity showed oedema and
was attached to objects in a bent pattern. Changes
in motor function and ADL were described sepa-
rately each period, dividing into supportive electrical
stimulator period and volitional control electrical
stimulation period.

(1) Phase 1: Duration of supportive electrical stimu-
lation (3 months + rest + 3 months)

The patient agreed that his ADL goal was to be able
to open the cap of his favourite canned coffee and
drink it. The frequency of occupational therapy visits
at home was approximately 60 min once a week. A
supportive electrical stimulator was used in voluntary
training at least three times a week for approximate-
ly 15 min. After three months, the motor function in
FMA was 52 points for the upper extremities and 12
points for the lower extremities, whidh was a total
of 64 points. The amount of use in MAL was 1.36
and the quality of movement was 1.14. The patient’s
awareness of ADL was to regard activities such as
changing clothing and consuming meals as ‘(naturally
going through his) daily life’. In addition, in terms of
the use of the paralysed upper extremity, the patient
stated that he hung clothes over the paralysed side,
folded these clothes up, and stored them in a drawer.
He was also able to open the cap of canned coffee
(Figure 3). Because muscle contraction was observed
in the forearm of the paralysed upper extremity, the
transition to a volitional control stimulator was at-
tempted after a resting period of one month.

(2) Phase 2: Duration of volitional control electrical
stimulation (3 months + rest + 3 months)

The patient stated that his ADL goal was to open
the packaging of snacks and to tuck the tail of his

Training scene /
Living act scene

Initial
evalu-
ation

Training scene

Final
evalu-
ation

Living act scene

Figure 4. The second phase of the practice result (Mr. B)
*A: Shoulder flexion 180° in the elbow extension position
*B: Wrist joint 15° dorsiflexion with shoulder 0° and elbow flexion 90°
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shirts into his pants. These goals were assessed us-
ing GAS-Light. The ADL goals were set as (1) tucking
the tail of shirts into pants in the paralysed side, (2)
maintaining balance when closing the door and (3)
getting hot water from a water dispenser and bringing
it to the sofa. Using a volitional control electrical stim-
ulator, the movement of pushing while the elbow joint
was extended was performed under the assistance
of a therapist. The stimulator was used twice a week
with the therapist for approximately five min. The
motor function in FMA was 50 points for the upper
extremity and 16 points for the lower extremity, whidh
was a total of 66/100 points. The amount of use in
MAL was 1.90 and the quality of movement was 1.70
(Figure 4). The patient was able to open a bag of the
snacks with both hands as a ADL. In addition, the
paralysed side was used to pick up the tail of pants
when raising and lowering the pants and was used
for belts and zippers. The patient also started plan-
ning for an overseas trip that he had gave on several
years previously. Based on GAS-Light, the baseline
score was 36.6, which increased to 61.0; the differ-
ence was 24.4 points.

DISCUSSIONS

In this study, we developed a program for chronic
severe hemiparesis in the upper extremities at dis-
use level, in which an electrical stimulator was tran-
sitioned from NMES to IVES based on the stage of
functional restoration of the patient during a purpose-
ful activity and a program that improves the quality
of life. By combining the use of interventional means
and electrical stimulators, not only improvements in
motor function but also efficacy in the transition of
chronic severe hemiparesis in the upper extremities
to a supportive state in daily life practice were indi-
cated. The impact of support in purposeful electrical
stimulation therapy is discussed to aid in planning
future interventions for severely paralysed upper ex-
tremities.

Patient selection

The patients in this study were limited to those in
their 50s who suffered a stroke more than 5 years
previously. They had a paralysed upper extremity that
it was not utilised in ADL and was thus regarded as
non-used. Both of them had similar disease onset
and age and were considered appropriate for iden-
tifying changes. The credibility of the data collection
method’s efficacy was assured by assigning two dif-
ferent individuals as a practitioner and evaluator.
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Program development of purposeful electrical
stimulation for chronic severe hemiparesis in the
upper extremity

We developed a program based on the structural
changes in the brain due to chronic severe hemi-
paresis in the upper extremity. Severely paralysed
upper extremity is identified as a hand that have
not been used for several years or more in daily
life and that are recognised as disuse limbs, which
are affected by walking (Bovonsunthonchai, 2012).
Motor recovery in individuals after stroke involves
electrical stimulation to activate the suppressed
electrical signals (Thorsen, 2001; Jonsdottir, 2017).
Studies have suggested that the combination of
voluntary rehabilitation of severely paralysed upper
extremities and electrical stimulation therapy has
more efficacy than exercise therapy alone (Hara,
2008; Alon, 2007). Wearing an orthosis during the
implementation of orthosis-type electrical stimu-
lation increases the awareness of the importance
of the severely paralysed upper extremities in the
rehabilitation process; therefore, the patients were
informed about this. In addition, purposeful activity
was clarified, content that matched ADL was in-
cluded in the plan, electrical stimulation and image
conducted in daily life were discussed and em-
pirical findings related to the use of the paralysed
upper extremities were analysed. All of these are
speculated as having led to increased awareness
of the severely paralysed upper extremity.

In this study, by using volitional control electrical
stimulators, voluntary movement was observed
upon dorsiflexion of the forearm of the patients;
therefore, the device was transitioned from an
supportive electrical stimulator to volitional control
electrical stimulator. At this instance, purposeful
activity was clarified and electrical stimulation ther-
apy was conducted based on the content that was
in accordance with daily life. And the relationship
between a therapist and a patient were enhanced
by using electrical stimulators for purposeful move-
ments. Good responses were observed with these
stimulators due to the assistance of a therapist;
therefore, the therapist was able to ascertain the
patient’s response. Because voluntary contraction
seemed to be achieved, the opportunity for more
challenges in life might be also increased. These
findings suggested that the paralysed upper ex-
tremities could have been used more frequently in
daily life.

Purposeful electrical stimulation therapy could
clarify the purposeful activities in severely para-
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lysed upper extremities and moving upper extremi-
ties via electrical stimulation in relation to daily life.
The development of this program would present
a unique technique for therapists because it is an
individualised approach to ADL that evaluates pa-
tients’ motivation, ability. and environment. With
this program, the patients were provided support
for the transition from non-used hands to support-
ive upper extremities by selecting and gradually
using electrical stimulators. Purposeful electrical
stimulation therefore would be an effective program
for cases presenting with chronic severe hemipare-
sis in the upper extremities.

Possibilities for purposeful electrical stimulation
therapy

Based on the findings with the patients reported
in this study, we should be aware with the difference
in infarct site, haemorrhage site and existence of
benefit based on the degree of effects of purpose-
ful electrical stimulation therapy for chronic severe
hemiparesis in the upper extremities. In addition, it
is necessary to evaluate the degree of brain activa-
tion when there is transition from non-used hands
to supportive upper extremity. Purposeful electrical
stimulation therapy, which combines the convention-
al concept of occupational therapy and advanced
technology, is effective not only for functional im-
provement but also for enhancing quality of life and
improving motivation.

Future purposeful electrical stimulation therapy
should be investigated about brain activation caused
by interventions focusing on ADL of patients with
chronic severe hemiparesis in the upper extremities.
It is inferred that purposeful electrical stimulation
therapy can promote the transition from non-used
hands to supportive upper extremities by voluntarily
encouraging the experience of using the upper ex-
tremities with severe hemiplegia based on individual
wants and needs (i.e., roles and habits) and simulta-
neously discussing this with the patient.

Study limitations and challenges

This study attempted to use electrical stimula-
tors in a step-wise manner in patients with severe
hemiparesis in the upper extremities. For chronic
hemiparesis in the upper extremities, support for
the transition from non-used hands to supportive
upper extremities was provided due to clarification
of the purposeful activity through improved man-
agement of ADL, use of a hybrid of supportive or-
thosis-type electrical stimulators and volitional con-

trol electrical stimulators. However, as this study
included only two patients, there are limitations on
its generalisation. It is necessary to verify the ef-
fectiveness for patients with different lesions and
different degree of paralysis. In addition, although
improvements in the motor function of the upper
trunk and scapula were observed, improvements in
the motor function of the finger were not achieved,
which indicated that the programs and the devices
for further development.

As for the future directions, it will be necessary to
verify whether utility, as demonstrated by improve-
ments caused by purposeful electrical stimulation
therapy, is statistically significant and clinically
relevant. In addition, the transition from supportive
electrical stimulators to volitional control electrical
stimulators should be standardised. Unfortunately,
the amount of use and intensity of volitional control
electrical stimulators could not be checked be-
cause a memory function was not built in. However,
we believe that its use was appropriate because of
the efficacy observed from the practice results.

CONCLUSIONS

In summary, our patients with chronic severe hemi-
paresis in the upper extremities who had stroke more
than 5 years before the therapy achieved improve-
ments in motor performance and use of extremity in
their paralysed side with the administration of elec-
trical stimulation based on purposeful activities. The
transition of long-term unused upper extremity due
to chronic severe hemiparesis to a supportive state
was further facilitated by using a hybrid electrical
stimulator. Therefore, further research exploring stem
changes with the central nervous approach as well as
studies on the efficacy of purposeful electrical stimu-
lation therapy are expected.
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