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ABSTRACT

Stroke is a disease in the central nervous system in which sudden ischemia or haemorrhage in blood vessels disrupts the
smooth blood supply to brain tissues, resulting in a partial loss of brain function and consequent functional disorders.

Aim and Scope: To improve upper limb function, current stroke interventions employ various treatment methods targeted at the
nervous system. Interventions and studies are underway regarding continuous upper limb training programs, such as constraint-
induced movement therapy, mirror therapy, imagery training, and robot therapy.

Method: In recent years, treatments using virtual reality systems have also been applied. And various evaluation methods
were developed for stroke patients. However, despite the various treatment and evaluation methods introduced thus far, most
therapists still insist on applying the methods that they have mainly been using. If the therapist can accurately recognize each
treatment/evaluation methods and apply the appropriate treatment method to various situations, a more qualitative treatment
can be applied.

Conclusion: This study intends to introduce the existing treatment and evaluation methods of improving stroke patients’ upper
limb function and find ways for therapists to make better use of them through a proper understanding of each method’s charac-
teristics.
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INTRODUCTION the disease three to six months after its onset. Rehabilitative
treatments during this period can facilitate their functional
Stroke is a disease in the central nervous system in which  |octoration by aiding in neurological recovery.” Within six
sudden ischemia or haemorrhage in blood vessels inhibit  onths after stroke onset, patients can hardly exercise on
the smooth blood supply to brain tissues, thereby causing (hejr own and thus require the assistance of therapists.
a partial loss of brain function and consequent functional
disorders.' Stroke patients generally experience neurologi- /APproximately 85% of stroke patients exhibit cognitive, mo-
cal disorders, such as motor, sensory, cognitive, language, ~tOf Sensory, and balance disorders, and over 69% of them
and emotional disorders.? Particularly, patients with stiffen- develop dysfunctions in their affected upper limbs[8]. Nota-
ing, muscular weakness, excessive tension, and imbalances bly, according to previous research, only about 20% of pa-
in their upper limbs can lose the ability to control their upper tients who showed severe motor disorders in their affected
limb movement and thus perform only limited social activi- Upper limbs in the early stages of stroke partially recover
ties and activities of daily living(ADLs).** These disorders their upper limb function. Moreover, around 25% of stroke
cause stroke patients to experience lowered self-efficacy, patients complain of difficulties in the proper use of their up-
psychological and emotional pains(such as depression) and ~ PET limbs even five years after stroke onset, signifying small
lowered quality of life.¢ At least 70% of stroke patients de- chances of recovering upper limb function after a stroke.>!
velop upper limb paralysis, and at least 60% show declines Upper limb disorders occurring after a stroke become a pri-
in dexterity.® Stroke patients most commonly recovered from ~Mary cause of the inhibition of movements such as eating,
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walking, handwriting, balancing, manipulation, delicate
hand movements, personal hygiene management.!! Stroke
patients’ recovery of their upper limb function is important
for them to maintain the most basic human life. This function
may be as crucial for performing ADLs as the lower limb’s
gait function.

The reason for focusing on upper limb rehabilitation out of
the various issues that stroke patients can experience is that
impairment of the middle cerebral artery, which is in charge
of upper limb function, accounts for 75% of all stroke cas-
es.® A stroke patient’s weakness in the upper limb increases
his/her reliance on others by lowering their independence
in performing ADLs. Particularly, a patient whose weak-
ened upper limb and major hand are on the same side needs
assistance in most ADLs, including eating, face washing,
toilet use, dressing, and grooming. Therefore, not only
stroke patients but also their caregivers, who should stay
close to them, can experience declines in their quality of
life. Stroke patients’ upper limb rehabilitation should aim
to reduce the spread of brain damage during the acute treat-
ment period and mitigate the disorders resulting from after-
effects through the problem-solving process after the acute
stage.!>!4

At present, stroke interventions employ various methods
to improve upper limb function, including Bobath therapy,
proprioceptive neuromuscular facilitation (PNF), and task-
oriented training. Also, interventions and studies are under-
way for upper limb training programs, such as constraint-
induced movement therapy (CIMT), and mirror therapy. In
recent years, treatments using the robot and virtual reality
systems have also been adopted.”® Also, the manual func-
tion test (MFT), Brunnstrom recovery stage(BRS), Fugl-
Meyer assessment for the upper limb(FMA-U/L), Korean
modified Barthel index(K-MBI), motor activity log(MAL),
box and block test(BBT),two-point discrimination test, tac-
tile detection threshold test, thermal sensory threshold test,
vibration sensory threshold test, upper limb muscle activ-
ity test, and electroencephalography (EEG) are mainly used
as upper limb diagnosis and evaluation methods for stroke
patients.

However, despite the wide range of treatment and evalua-
tion methods introduced to date, many therapists cling to
the methods that they have mainly been using. If the thera-
pist can accurately recognize each treatment or evaluation
method and apply the appropriate treatment method to vari-
ous situations, a more qualitative treatment can be applied.
Therefore, this study intends to introduce the existing treat-
ment and evaluation methods of improving stroke patients’
upper limb function and find ways for therapists to make
better use of them through a proper understanding of each
method’s characteristics.

METHODS

This study found and compiled papers on treatment or evalu-
ation method of stroke patients posted on the Pub-Med since
2000.

Treatment methods of improving stroke pa-
tients’ upper limb function

Bobath Therapy: The general purpose of Bobath therapy
is to establish treatment programs that enable an individual
to withstand the pressure from repeated active exercises,
gravity, weight, or hands; achieve a balance between muscle
groups, and reduce the effects of abnormal tension in exer-
cise patterns and autonomous responses. ¢

The principle of Bobath therapy is to inhibit abnormal types
of sensory stimulations in the sensorimotor system’s ab-
normal closed loops. This therapy aroused normal sensory
stimulations as much as possible, and facilitate the maxi-
mum level of normal sensory inputs, thereby preventing the
vicious cycle of abnormally closed loops. To activate this in-
hibition, reflex inhibitory postures were developed.'* Bobath
therapy addresses the particular problem wherein abnormal
and widespread reflex patterns of exercises and postures oc-
cur from the brain stem, cerebellum, midbrain, basal gan-
glia, and cortex through their disassociation from inhibition.
Therefore, this therapy is based on an approach to normal de-
velopment, motion compensation, and habitual exercise pat-
terns that can cause muscular imbalances or contractions.'®

The underlying concepts of Bobath therapy are autonomous
postural adaptation, sensory structures for inducing postural
responses, muscle tone, fixation aimed at compensating for
low muscle tone, development of motility, cognition of ki-
netic potentials, development of active muscles, and supply
of muscle control.'? Bobath therapy uses functional activities
and teaches how to process muscle tensions. It values the
quality of movements in every activity, encourages patients
to perform on their own as much as possible, and emphasizes
early treatment. It even teaches patients with cerebrovascular
diseases to maintain proper postures in bed to enable them to
recognize and use their affected sides. It also trains patients
in skills to move quickly in bed as early as possible to help
them avoid movement patterns that strengthen abnormal re-
flexes.'®

Therapists should control patients’ movements to generate
normal patterns and teach them to sense such movements.
Patients are also instructed to reduce the range of movements
controlled by therapists and replace therapists’ control with
their own. Key points of control are used to promote normal
movements. Initially, key points of control are mostly in the
body’s proximal parts, such as the trunk and the pelvis. As
their conditions improve, patients learn to use the distal parts
of their bodies as the core of control. Therapists should con-
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trol the intensity of therapy to promote patients’ control of
their movements."”

Proprioceptive Neuromuscular Facilitation (PNF): PNF
treatment aims to increase the potential memory of move-
ment patterns that are as normal as possible in the central
nervous system. This is achieved by providing a sufficient
level of early aids (proprioceptive, foreign, and terminal-
receptive signals) to arouse patients’ needs and responses.
Self-reliance means patients’ deferred tasks for future use
and already learned tasks.!'

PNF involves spiral and diagonal mass movement patterns.'®
These patterns are a combination of exercises in the sagit-
tal, coronal, and cross-sectional planes. Specifically, PNF
combines flexion and extension in the sagittal plane, prona-
tion and supination in the coronal plane, and rotation in the
cross-sectional plane. This combination of functional move-
ments increases muscle activities and spreads them toward
the proximal and distal areas."

These characteristics can explain Beevor’s principle: 1)
PNF uses group movement patterns that become the basis
of all techniques. 2) Mass muscular movement patterns are
the original trait of normal movements.3) The brain is not
aware of any individual muscle action except the movements
that occur. Mass movement patterns can be classified as the
upper limb, lower limb, trunk, cephalic, and temporoman-
dibular patterns. These patterns vary by the joint(axis) from
which movements mainly occur. When each pattern is clini-
cally used, the combination of rhythmic inception, rthythmic
stability, repeated contraction, the timing of emphasis, re-
versed motions by the antagonist, slow reversal, the rever-
sal of the antagonist and the agonist, contraction-relaxation,
maintenance-relaxation, and isotonic contraction can result
in numerous variations of a single pattern.*

The locations and positions of patients and therapists, verbal
orders for auditory stimulations, use of patients’ vision, ex-
tension and compression, timing, and movement patterns are
applied in methods and procedures of applying the facilita-
tion, proper resistance, use of diffusion and reinforcement,
and barehand contact for cognitive and tactile simulations."

Task-Oriented Movement Therapy: In the 1980s, selec-
tive task-oriented training was developed as a treatment
technique for stroke patients based on motor learning theory.
This training assumes that the provision of functional tasks
to patients and their active problem solving are more effec-
tive for learning than the repeated training of a single move-
ment.?! Its task-oriented approach to motor recovery char-
acterizes selective task-oriented training. It is also based on
dynamic system theory, which explains the performance of
the tasks and motor recovery that occur in the dynamic in-
teractions between individuals, environments, and tasks that
they perform.*

Stroke patients’ selective task-oriented training is goal-ori-
ented; it helps them achieve their goals by performing move-
ments within their daily environments through the provision
of functional tasks. It is also an effective treatment technique
through which stroke patients can expect functional recover-
ies.” Patients’ full engagement in an activity or task from
the beginning to the end can elicit stronger, more effective,
and coordinated motor responses than partial engagement.*
Previous research on task-oriented training shows that tasks
and intervention strategies that provide meaningful activities
related to daily living are more helpful than repeated or pas-
sive exercises for learning skills and improving functions.?
A study on selective task-oriented training reports that task
training focused on patients’ preferred tasks or goals facili-
tates changes in ADLs and subsequently produced more ef-
fective outcomes from rehabilitation treatments.?

Constraint-Induced Movement Therapy (CIMT): CIMT
is a behavioural neuroscience-based treatment method used
to enhance a stroke patient’s motor performance on the af-
fected side in the field of neurorchabilitation.”” Stroke pa-
tients mostly experience difficulties in using their affected
upper limbs and thus learn patterns using their unaffected
sides to compensate for such insufficient motions. Contin-
ued compensatory learning hinders their intrinsic recovery.®
Taub et al. (1980) explained this phenomenon using the term
“learned nonuse”. In their study, they blocked the vision of
monkeys in one side and had them wear jackets designed
to constrain their emotions and suppress their compensatory
patterns in the unaffected healthy upper limb; as a result,
the monkeys used the affected side. Based on this principle,
CIMT was introduced as a treatment that enables the learn-
ing of functional movement patterns by limiting the use of
the unaffected side and inducing intensive movements on the
affected side to control learned nonuse. In recent years, it has
further evolved into the concept of task-oriented movement
therapy.”’

CIMT is offered to stroke patients to enhance hemiplegic
patients” upper limb function by overcoming the learned
nonuse that occurs in the acute stage after stroke onset and
inducing changes in the cerebral cortex.? CIMT, which con-
strains the unaffected side, increases the use of the affected
side through continuous and repeated practices of functional
arm movements. Recent studies explain this therapy con-
cerning changes in movement patterns, which are explained
through kinetic analyses, and local terminal sprouting or
functional synaptic reorganization achieved by stimulating
the undamaged cortical circuit and the sensory cortex adja-
cent to the damaged area.’*!

Mirror therapy: Contradicting the basic concept that senso-
rimotor training is effective for motor skills, mirror therapy
is based on the facilitation of the mirror neuron system and
induces improvements in the affected side’s movements by
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providing visual information.*? This therapy was introduced
by Ramachandran (1994) for phantom pain reduction in am-
putees. Its effects on reducing pain and stiffening have been
reported.®* Mirror therapy was also adopted by Altschuler,
Wisdom, and Stone (1999) as a treatment to restore stroke
patients’ upper limb function.** Moreover, a systematic re-
view by Pollock et al. (2014) defined mirror therapy in the
rehabilitation of stroke patients as a visual stimuli-based
technique that creates an illusion of movements on the af-
fected side through the mirror reflection of the actual up-
per and lower limb movements on the unaffected side for
the performance of tasks.** Mirror therapy positively affects
stroke patients’ upper limb function and ability to perform
ADLs.*

The neurological mechanism of mirror therapy is highly as-
sociated with the superior temporal sulcus, and the activa-
tion of the primary motor area is exhibited through magnetic
resonance imaging.’’ Also, Thirumala et al. (2002) validated
the effects of mirror therapy via mirror neurons by confirm-
ing increased stimulations in the primary motor cortex and
both inferior parietal lobules during observation of upper
limb and hand movements via the mirror.*® According to a re-
view of previous research on mirror therapy, recent practices
of mirror therapy have shifted from the original movement-
based therapy, which comprised forearm, wrist, and knuckle
motions, toward task-oriented therapy.*’

Imagery training: Imagery training teaches patients to learn
motor skills and improve their abilities to perform exercises
by imagining body movements and repeatedly practising
their tasks without performing actual movements.*’ Accord-
ing to the results of the brain imaging study of Malouin et
al. (2004), this imagery training activates a certain area of
the cerebral cortex in a similar pattern for performing ac-
tual activities, as well as the corticospinal tract. They noted
that this implies cerebral plasticity.*! Also, during imagery
training, the target muscle shows the occurrence of elec-
tromyographic (EMG) signals in a similar pattern to actual
exercises; furthermore, blood flow and potential increases
are observed in the brain area related to actual exercises.*
Pollock et al. (2014) stated in their systematic review that
the type of imagery training that is most commonly used
to rehabilitate stroke patients involves performing physical
task-based activities using the affected area after undergoing
mental imagery training for certain tasks.*

Park and Heo (2014) argued that this type of imagery train-
ing is more effective for the recovery of upper limb function
when it is accompanied by general treatment than when it
is conducted alone.”® Decety and Grkzes (1999) stated that
the inclusion of exercises tasks focused on meaningful and
goal-oriented movements is important for patients who have
a clear goal for their exercise tasks during imagery training.*

Robot therapy: Over the recent 20 years, robot-assisted re-

habilitation has developed into training targeted at improv-
ing stroke patients’ upper limb and ADL functions.*#¢ Since
the 1990s, various robotic rehabilitation devices have been
developed and adopted in the US and Europe. As a result,
many studies have reported the effects of these devices.*” Re-
habilitation robots help increase the frequency and duration
of rehabilitation training. Moreover, independent training of
the body’s distal ends, such as the hands and wrists, produces
better training effects than does conventional training.*®

Neurological rehabilitation through the enhancement of
brain plasticity and direct rehabilitation of joints and mus-
cles for the relaxation of contracture and stiffening should
be conducted simultaneously to rehabilitate the upper limbs
of hemiplegic stroke patients. Rehabilitation robots reduce
therapists’ intensity of labour and treatment time, provide
precise and consistent treatments, and improve the efficiency
and quality of rehabilitative treatments. Specifically, robot
training using visual perceptions has certain advantages. It
enables patients to spontaneously and actively participate
and motivates them to improve their training results through
precise and various types of sensory feedback; robot training
also trains patients in intensive practices through functional
improvements using important tasks.**° Furthermore, robot-
based rehabilitation offers patients various therapeutic train-
ing programs through protective equipment and simple op-
erations, thereby challenging and encouraging patients and
helping them concentrate on specific tasks.>!

Evaluation methods for improving stroke pa-
tients’ upper limb function

Manual Function Test (MFT): The MFT is frequently used
in clinical practice as a testing tool for objectively assessing
the overall functional conditions of upper limb motor skills.
The MFT for stroke was developed to measure stroke pa-
tients’ upper limb function and movement ability. It com-
prises three items: upper limb exercise, grasping, and fin-
ger manipulation. Each successful performance is graded 1
point; each failure, 0. These scores are added to produce a
total score based on a 32-point scale and then converted into
a final score out of 100 points. The MFT is divided into eight
items in three domains, namely, upper limb motor skills
(four items), grasp (two items), and finger manipulation (two
items), which indicate the recovery conditions of upper limb
motor skills. This evaluation tool’s test-retest reliability and
inter-rater reliability are r=0.95 and a Cronbach’s alpha coef-
ficient 0f0.95.%

Brunnstrom Recovery Stage (BRS): In 1970, Brunnstrom
divided the recovery of the proximal upper limb and the hand
into six stages. Spontaneous motor recovery generally fol-
lows the ontogenic process from the proximal to the distal
part. In other words, shoulder movements appear earlier
than hand movements, and reflexive motions are controlled
and appear earlier than voluntary motions. Although general
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stroke patients recover according to this process, some pa-
tients can stop their recoveries at certain stages under the in-
fluence of their sensory, perceptive, cognitive, motivational,
and emotional conditions or other secondary medical issues.
These stages do not indicate the reliability that patients will
certainly recover their voluntary movements, and the recov-
ery stages of the upper limb and the hand do not always co-
incide.”

Fugl-Meyer Assessment for the Upper Limb (FMA-U/L):
The FMA-U/L is a motor function evaluation tool that fol-
lows Brunnstrom’s six recovery stages and specifically as-
sesses the body’s structure, functions, and activity levels.**
It is the most widely used evaluation tool for the upper limb,
and it measures proximal and distal upper limb movements
by combining the items of shoulder/elbow movement and
wrist/hand movement.

This test consists of 33 upper limb-related test items with a
total score of 66 points. Its intra-rater reliability is high (0.95
to 1.0).%° The inter-rater reliability of raters and therapists is
also high. The reliabilities for the motor and sensory scores
are 1=0.98 and r=0.93, respectively.”” To evaluate partici-
pants, raters order them to perform certain movements and
observe their responses. Of the total of 50 items, only 33
items related to the upper limb are used, which comprise 18
items for the shoulder/elbow, five items for the wrist, sev-
en items for the hand/finger, and three items for the upper
limb’s coordination. Each participant is given 2 points for a
complete performance, 1 point for partial performance and 0
points for failure and all points are added.*

Korean Modified Barthel Index (K-MBI): The K-MBI is
used to evaluate ADLs. The MBI that Granger et al. (1979)
produced by modifying and improving the Barthel index
is sensitive to functional changes. The K-MBI comprises
10 items: seven items for daily personal activities (such as
personal hygiene, bathing, eating, toilet use, going up and
downstairs, dressing, bowel and bladder control, ambulation,
wheelchair use, and chair and bed transfer) and three items
for operating skills. Raters ask participants to perform each
of these items and then observe their responses. Each move-
ment is given a score out of 100 points based on five stages:
0 to 20 points for complete dependence, 21 to 61 points for
heavy dependence, 62 to 90 points for moderate dependence,
91 to 99 points for mild dependence, and 100 points for com-
plete independence. The intra-rater reliability is r=0.89, and
the inter-rater reliability is r=0.95.%

Motor Activity Log (MAL): The MAL is a structured
interview-based evaluation tool that aims to understand how
stroke patients use their affected upper limbs in daily living
both qualitatively and quantitatively.®® It has 30 questions
that are divided into qualitative and quantitative measures,
and the level of each performance is scored on a scale of 0
to 5. The full score of istherefore150 points. The quantitative

measures evaluate the level of usage of the paralyzed upper
limb in daily life, whereas the qualitative measures assess
the improvement level of the quality of movement during
exercise. The MAL is a highly reliable test tool with an inter-
item consistency of r=0.88 to 0.95, inter-rater reliability of
r=0.90, and test-retest reliability at r=0.94.

Box and Block Test (BBT): As a tool for evaluating the
quickness of the upper limb, the BBT comprises a wood cube
measuring 2.54cm in length and a 53.7 x 8.5 x 27.4 cm rec-
tangular box divided into two square compartments of equal
dimension using a middle partition. Its intra-rater reliabilities
are r=0.99 for the left hand and r=0.94 for the right hand. The
inter-rater reliabilities are r=0.99 for the left hand and r=1.00
for the right hand. ' Participants conduct the main test for
one minute after a 15-second rehearsal. The wood cubes that
each participant picks up and moves to the opposite side with
his/her affected hand are counted.

Two-Point Discrimination Test: This test measures the
ability to perceive two stimulations given simultaneously. It
mainly uses the standardized tool Dellon2-Point Disk-Crim-
inator. The two-point discrimination test mostly targets the
index finger or fingertip. It is conducted while participants
are sitting in a quiet space with little distraction and minimal
noises from the rater or the testing tools. During the test, the
patients’ eyes are covered, and they are instructed to assume
a comfortable posture while exposing the tested body region.
The rater asks the patients to tell whether they are in contact
with one or two disk points according to their perception.
The rater runs the test until a patient cannot perceive two
points through modifying the testing range by Immeach time
for the hand. The smallest distance between two points that
the patient can distinguish is defined as the two-point thresh-
old.

Tactile Detection Threshold Test: This test generally uses
the Semmes—Weinstein monofilament (SWM), which is a
standardized tool in which patients identify light tactile stim-
ulations and their locations. The SWM is a sensory set of five
monofilaments with weights of 0.07g(2.831b), 0.4g(3.611b),
2.0g(4.311b), 4.0g(4.56lb), and 300g(6.651b); these are at-
tached to a rod that is long enough to be handheld. The index
finger and the fingertip are mostly measured. The test starts
from the heaviest monofilament (6.651b) and stops when the
patient can no longer perceive contact. The weight of the last
monofilament sensed by the patient is recorded.

Thermal Sensory Threshold Test: In this test, a tempera-
ture sensor is attached to the patient’s affected upper limb.
The standard temperature is 32°C, with an increase or de-
crease of 1°C per second. Each patient is instructed to press
a mouse button when feeling a cool or warm sensation for
the first time. A computer measures the temperatures during
these button presses and a change in the current direction
restores the sensor’s temperature to the standard level. In the
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temperature range of 0°C to 50°C, the thresholds of cool and
warm sensations are recorded. If a patient does not feel a
cool sensation at 0°C, then the threshold is measured at 0°C.
Similarly, if the patient does not feel a warm sensation at
50°C, then the threshold is set at 50°C. For the measurement,
the testing environment should be created in consideration
of patients’ psychological and physiological characteristics.
The temperature should be in the pleasant range of 18°Cto
2°C. Space should be free from distractions so that patients
can undergo the test without disturbance in a comfortable
position while holding the feedback unit in one hand.

Vibration Sensory Threshold Test: To measure quantita-
tive sensory vibration thresholds, this test increases the in-
tensity of stimulations using a handheld vibrator until a vi-
bratory sensation is felt in the index finger and the forearm
on the affected side. The rater gradually increases the inten-
sity of a 100 Hz vibration at a speed of 1 um/s and instructs
the patient to press a button the moment they first sense a
vibration. An optimal testing environment should be created
by considering patients’ psychological and physiological
characteristics. For example, they should be allowed to keep
their arms in a comfortable position during the test. They
should sit 1.5m away from the screen and be prevented from
looking at it. They should also be fully educated and perform
a rehearsal before the test. A mean value of three measure-
ments should be used for data analysis.

Upper Limb Muscle Activity Test: To measure surface
EMG(SEMG) signals for EMG analysis using root-mean-
square (RMS) values. This test employs an EMG instrument
that can measure various bio-signals from muscle transposi-
tion with a high input impedance and a common-mode rejec-
tion ratio of 100dB or above. When measuring bio-signals,
they are digitized at a frequency of 250Hz and quantized at
24 bits. The subject’s body areas on both the affected and
unaffected sides can be measured, such as the biceps brachii,
triceps brachii, wrist extensor, and wrist flexor. An Ag-AgCl
electrode is used for SEMG, and surface electrodes are po-
sitioned with an interelectrode distance of 20mm.TheEMG
signals measured in the electrodes are immediately amplified
10,000 times after going through an amplifier and then trans-
mitted to a terminal through digitization and quantization.
Regarding the data measured in the terminal, the automatic
indication of raw data is confirmed using the software Bi-
oScan, and a filtering process is then performed by setting
a60Hz notch filter and a band-pass filter in the range of 0.5
to 250Hz. For each movement, each muscle’s RMS values
are calculated for data and statistical analyses.

Electroencephalography (EEG): The brainwaves of sub-
jects are stored in a computer using a sampling frequency of
256Hz, a 0.5-50hHzpass filter, and 12-bit AD conversion.
Brainwave data are collected using electrodes attached to
the head. These electrodes are attached to the scalp positions

Fpl, Fp2, F7, F3, FZ, F4, F8, T3, C3, CZ, C4, T4, T5, P3,
PZ, P4, T6, Ol, and O2in accordance with the international
10-20 method of electrode placement. Reference electrodes
are attached below each ear.

EEG electrodes are disk electrodes in the form of a gold-
coated plate. To minimize the skin contact resistance in the
attachment of electrodes, any foreign substances in the scalp
should be wiped with alcohol swabs prepared in advance.
Then, the electrodes are attached using electrode paste. The
attached electrodes should be fixed to prevent detachment
by covering them with gauze. After the attachment of elec-
trodes, subjects are measured while sitting in a comfortable
chair in a quiet, noise-blocked test room. For data process-
ing, signals are collected by measuring spontaneous poten-
tials for three minutes and evoked potentials for 15 seconds
and then repeating this set of measurements30 times. During
the collection of brainwave data, five seconds of data meas-
ured at the beginning and the end are removed to exclude
the possibility of momentary declines in the subject’s atten-
tion or the inflow of artefacts. The BioScan program is used
for the digital conversion and analysis of brainwaves. Brain-
wave experts analyze signals sent to the computer to output
indicators. A brain mapping program that visualizes the rela-
tive alpha and beta values of each region’s brain waves is
employed to visually monitor brainwave changes for each
brain region under the activation of brainwaves.

DISCUSSION

Stroke is one of the 10 leading causes of death and one of the
three major diseases in South Korea. The number of deaths
from stroke is 23,415 per 100,000 people, accounting for
45.8%.9 Stroke is a neurological condition generated by the
discontinuance of blood supply due to the rupture of blood
vessels or their blockage by blood clots. This disease impairs
brain tissues by blocking the supply of oxygen and nutri-
ents.* Its symptoms include motor, sensory, cognitive, emo-
tional, and speech disorders.®*About 16% to 30% of stroke
patients show loss of cognitive functions, such as orienta-
tion, attention, memory, language skills, and visuospatial
ability, within one year after stroke onset. These disorders
cause difficulties in performing independent ADLs, includ-
ing bathing, travelling, and bowel and bladder control.®>¢
Because most ADLs are linked to upper limb function, the
recovery of upper limb function has a significant impact on
stroke patients. Multiple studies assert that upper limb func-
tion is restored in the early stages of stroke. However, Taub
et al. (1993) stated that some patients recovered their upper
limb function until one year after stroke onset.?” They re-
ported that, although quick recoveries are made in the early
stages of rehabilitation, active functional recoveries require
more time.?! Therefore, therapeutic approaches aimed at en-
hancing upper limb function are important.®’
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This study found and compiled papers on treatment or evalu-
ation method of stroke patients posted on the Pub-Med since
2000. The principle of Bobath therapy is to inhibit abnor-
mal types of sensory stimulations in the sensorimotor sys-
tem’s abnormal closed loops. This therapy aroused normal
sensory stimulations as much as possible, and facilitate the
maximum level of normal sensory inputs, thereby preventing
the vicious cycle of abnormally closed loops. PNF involves
spiral and diagonal mass movement patterns. These patterns
are a combination of exercises in the sagittal, coronal, and
cross-sectional planes. Specifically, PNF combines flexion
and extension in the sagittal plane, pronation and supina-
tion in the coronal plane, and rotation in the cross-sectional
plane. This combination of functional movements increases
muscle activities and spreads them toward the proximal and
distal areas. Task-oriented movement therapy assumes that
the provision of functional tasks to patients and their active
problem solving are more effective for learning than the re-
peated training of a single movement. Its task-oriented ap-
proach to motor recovery characterizes selective task-orient-
ed training. It is also based on dynamic system theory, which
explains the performance of the tasks and motor recovery
that occur in the dynamic interactions between individuals,
environments, and tasks that they perform. Constraint-In-
duced Movement Therapy (CIMT) is offered to stroke pa-
tients to enhance hemiplegic patients’ upper limb function
by overcoming the learned nonuse that occurs in the acute
stage after stroke onset and inducing changes in the cerebral
cortex. CIMT, which constrains the unaffected side, increas-
es the use of the affected side through continuous and re-
peated practices of functional arm movements. Recent stud-
ies explain this therapy concerning changes in movement
patterns, which are explained through kinetic analyses, and
local terminal sprouting or functional synaptic reorganiza-
tion achieved by stimulating the undamaged cortical circuit
and the sensory cortex adjacent to the damaged area. Lastly
contradicting the basic concept that sensorimotor training is
effective for motor skills, mirror therapy is based on the fa-
cilitation of the mirror neuron system and induces improve-
ments in the affected side’s movements by providing visual
information. Mirror therapy focuses on the fact that visual
stimulations are effective for improving motor skills.®’

CONCLUSION

In the present study, various treatment methods were inves-
tigated as stroke interventions to improve upper limb func-
tion. They included the MFT, BRS, FMA-U/L, K-MBI,
MAL, BBT, two-point discrimination test, tactile detection
threshold test, thermal sensory threshold test, vibration sen-
sory threshold test, upper limb muscle activity test, and EEG.
Also, leading treatment methods were reviewed, including
Bobath therapy, PNF, task-oriented training, CIMT, mirror

therapy, imagery training, and robot therapy. It is difficult to
state that certain treatment/evaluation methods are superior
to others. Nevertheless, the flexible applications of the vari-
ous treatment or evaluation methods presented by this study
to suit varied circumstances will induce effective treatments
for the recovery of stroke patients’ overall physical functions,
thereby ultimately enhancing their upper limb function.
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