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ABSTRACT

Introduction: Stroke is a cerebrovascular disease that involves cerebral haemorrhage caused by the rupture of blood vessels
and cerebral infarction due to blood clots and emboli, which result in neurological symptoms and disorders. Even though cer-
ebrovascular diseases do not end up in death, they leave serious severe aftereffects in most cases, thus inflicting considerable
social and economic losses.

Aim and Objective: The present study aimed to investigate the overlapping effects of low-extracorporeal shock wave therapy
and proprioceptive neuromuscular facilitation treatment on stroke patients. In this study, 24 stroke patients who were randomly
divided into an experimental group (n=12), who would receive extracorporeal shock wave therapy before proprioceptive neu-
romuscular facilitation treatment, and a control group (n=12), who would not receive extracorporeal shock wave therapy before
proprioceptive neuromuscular facilitation treatment.

Result: This study used the modified Ashworth scale to assess stroke patients’ spasticity. Korean version of the Fugl-Meyer as-
sessment, the Korean version of the Modified Barthel index, and action research arm test are an evaluation item for measuring
the function. In a comparison of the therapeutic effects on the two groups following the modified Ashworth scale and the Korean
version of the Fugl-Meyer assessment, no statistically significant differences were found between the two groups. However, the
Korean version of the Modified Barthel index and the action research arm test showed significant differences between groups.

Conclusion: In conclusion, the overlapping effect of proprioceptive neuromuscular facilitation treatment and extracorporeal
shock wave therapy improved the upper limb function of stroke patients.
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INTRODUCTION blood pressure rise because their blood vessels cannot with-
stand it. Another cause of cerebral haemorrhage is bleeding
Stroke is a cerebrovascular disease that involves cerebral ¢ to the ageing of blood vessels or diseases themselves.
haemorrhage caused by the rupture of blood vessels and  Ope of its common subarachnoid haemorrhage caused by
cerebral infarction due to blood clots and emboli, which re- ruptured cerebral aneurysm. Occasionally, haemorrhage
sult in neurological symptoms and disorders. Even though 4150 occurs due to cerebral arteriovenous malformations.
cerebrovascular diseases do not end up in death, they leave  Cerebral infarction refers to the occurrence of brain damage
serious severe aftereffects in most cases, thus inflicting con- resulting from ischemia in closed blood vessels in the brain.
siderable social and economic losses. This disease is classified as cerebral thrombosis and cerebral
The most common cause of cerebral haemorrhage is adult ~embolism. When blood vessels are clogged or compensation
diseases, such as hypertension. The long-term exposure of by collateral pathways is insufficient due to cerebral infarc-
capillary vessels, which supply oxygen and nutrients to brain ~ tion, brain tissue cells undergo apoptosis, leading to perma-
tissues, to hypertension causes the deformation of blood ves- ~nent brain damage.
sels and excessive pressure increases. Patients with diabe-  g¢roke generally causes hemiplegia in the side opposite the
tes or hyperlipidemia are particularly susceptible to cerebral  rain damage, thereby exhibiting impairment or disabili-
haemorrhage. They experience bleeding even at a minor (ies Although hemiplegic patients show a highly effective
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recovery of their lower limb function, their recovery of up-
per limb function lags far behind. Also, over 50% of pa-
tients who developed hemiplegia after a stroke experience
weakened upper limb function on the affected side for a
long period or permanently and are unable to use their af-
fected upper limbs in daily living. The most typical prob-
lem of stroke is hemiplegia, and most hemiplegic patients
exhibit abnormal motor patterns. These abnormal patterns
mainly include the persistence of primitive reflexes, flex-
or synergy patterns, extensor synergy patterns, abnormal
muscle tension, stiffening or hypertonicity, associated reac-
tions, and associated movements.

Defects in upper limb function may be one of the most gener-
al neurological disorders that appear after a stroke. Although
most of the upper limb function is restored within the first
three months after stroke onset, clinical studies have report-
ed that patients’ performance of functional upper limb tasks,
which include spontaneous movements of the shoulder joint,
elbow joint, fingers, and wrist, is improved until one year
after stroke onset. The functional recovery of upper limbs
after a stroke, which is closely correlated with the ability to
perform activities of daily living (ADLs) and the ability to
perform independent ADLs, is handled importantly in the re-
habilitation process. Movements in daily life are formed by
their interactions with the nervous and muscular systems and
the environment. Any damage to these areas causes abnor-
mal movements in the human body.

Proprioception, which influences the nervous and muscular
systems that control one’s ability to perform ADLs, is used as
basic information for the senses of balance and vibration. It
also enables one to maintain the correct posture during every
moment through feedback. Besides, proprioception controls
the body to ensure its proper movements and affects the
quality of motor control, including movement speed, sequen-
tial motions of several joints during a movement, and the
act of holding a moving object. Moreover, proprioception
provides the central nervous system with information about
the perception of the body’s location or posture, the angle
and angular speed of every joint involved in movements on
each plane, and the ratios of each joint’s movements. It also
plays the largest role in maintaining joint dynamic stability,
helps induce normal movements, and protects joints safely
from external damage.

Clinically, proprioception is an important element in the
evaluation and treatment of patients with neurological prob-
lems; declines in proprioceptive function reduce one’s ability
to control postures, retain protective reflexes and joints’ mo-
tor functions, and cope with external perturbations through
balance, thereby causing problems in upper limb and ambu-
latory functions. Impaired proprioception frequently occurs
in stroke patients and delays the recovery and enhancement
of their motor skills. Even patients who have properly recov-

ered their muscular strength after a stroke experience mul-
tiple disorders in performing ADLs if their proprioceptive
damage persists.

Most stroke patients experience degradations in their abili-
ties to control balance due to muscle tone changes, sensory
defects, postural response abnormalities, motion range limi-
tations, and cognitive decline. They also find it difficult to
move their weight toward the affected side or maintain their
centre of gravity; they cannot control their posture when per-
forming functional motions. For this reason, balance control
training is an important goal in the rehabilitation of stroke
patients. Besides, the weakening of muscular strength is a
factor that constrains the functional rehabilitation of stroke
patients. It undermines functional activities and endurance,
necessitates assistance in ADLs, and makes it difficult to
change postures independently. This muscle weakening fol-
lowing a stroke stems from declines in the number of mobi-
lizable motor units as a result of reduced descending infor-
mation inputs; it also reduces the firing rate and impairs the
harmony of motor units.

Existing rehabilitation programs conducted to improve
stroke patients’ upper limb function on the affected side
include proprioceptive neuromuscular facilitation (PNF),
neurodevelopmental treatment (NDT), constraint-induced
movement therapy (CIMT), cognition-perception training,
and electrical stimulation therapy. The leading types of elec-
trical stimulation therapy are functional electrical stimula-
tion therapy, extracorporeal shock wave therapy (ESWT),
and transcutaneous electrical nerve stimulation. These treat-
ments are easily applicable in clinical practice because they
can be accurately aimed at the areas to be treated and quanti-
tatively control the level of treatment. ESWT was first used
to decompose stones in the kidney and the bile duct in 1976
but has since been applied as a new treatment technique for
various orthopaedic diseases. ESWT restores damaged body
regions by controlling the microenvironment through the
exposure of lesion sites to shockwaves, which can destroy
damaged tissues and cells while facilitating neovasculariza-
tion and increasing local growth factors.

The therapeutic principle of ESWT is to generate physical
and chemical changes in cell membranes by applying energy
within an unharmful range to the human body and accurately
exposing legion sites to shockwaves. ESWT produces posi-
tive effects when applied to musculoskeletal diseases, such
as calcific tendinitis, tendonitis, plantar fasciitis, and epicon-
dylitis, which are not easily cured with existing conservative
therapies. At present, it is also used to reduce spasticity, con-
trol muscle tone, and control and treat other neurological dis-
orders. Stroke patients’ improvement in upper limb function
serves as an important indicator of their functional recovery
and an essential element in performing ADLs. Therefore, the
present study aimed to investigate the overlapping effects of
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ESWT and PNF on stroke patients’ spasticity reduction and
improvement in upper limb function.

RESEARCH METHODS

Subjects

In this study, 24 stroke patients who were under hospital
treatment at a rehabilitation hospital were selected as sub-
jects. They were randomly divided into an experimental
group (n=12), who would receive ESWT before PNF, and a
control group (n=12), who would not receive ESWT before
PNF. The subjects voluntarily participated in the study af-
ter being fully informed of its purpose and contents, experi-
mental procedures, and stability. They also submitted written
participation consent before the experiment. All experimen-
tal procedures were performed following the Declaration of
Helsinki.

The following individuals were selected as subjects: (1)
Those who were diagnosed with a stroke at least six months
before the study; (2) scored 24 points or more in the Korean
mini-mental state examination (MMSE-K)), which ensured
their ability to understand the study’s purpose and respond to
verbal orders; (3) did not have visual or auditory disorders;
(4) had no allergic responses to electrical stimulations; and
(5) understood with their caregivers the study’s purpose and
agreed to participate in the study.

The following individuals were excluded from this study: (1)
Those who were participating in regular exercises or other
exercise programs; (2) had cerebellar disorders; (3) had other
diseases that can affect their upper limb activities; (4) were
under medication for spasticity reduction; or (5) had cardio-
vascular, kidney, liver, or cognitive disorders.

Both the experimental and control groups underwent pro-
prioceptive neuromuscular facilitation treatment for 30 min-
utes, but the experimental group received ESWT in the upper
limb for about 10 minutes before PNF. In the study, a pre-test
evaluation was performed before the start of the therapeutic
interventions, and a post-test evaluation was conducted after
the final treatment. Both groups underwent their respective
therapeutic interventions 18 times: three times a week for six
weeks (Figure 1).

Extracorporeal shock wave therapy

ESWT was applied to the myotendinous junction in the af-
fected upper limb to reduce the upper limb’s spasticity and
improve its function. Specifically, it was administered to an
area lcm below the medial epicondylitis (origin of hand and
wrist flexors), the still point (tuberosity of radius) of the bi-
ceps brachii (flexor of the elbow and shoulder joints), and
the furrow between the tubercles of the humerus. The ESWT
devices Optimus and Salus Talent 3 (Korea), which generate

1,

shock waves, were employed to apply ESWT to each area.

Stroke

Stroke at least six

MMSE > 24 point
Visual or auditory
disorders
No allergic responses
Understood the
study’s purpose

[ Randomization of subjects (n=24) |

Experimental group
(n=12)
Extracorporeal shock wave
therapy (900 times) + Upper
Extemity PNF

Control group
(n=12)
Upper Extremity PNF

Pre-test
(Modified Ashworth scale, Fugl-Meyer assessment-wrist and hand, Action research arm test,
Modified Barthel index)

Post-test
(Modified Ashworth scale, Fugl-Meyer asscssment-wrist and hand, Action research arm test,
Modified Barthel index)

Statistical analysis
(PASW for windows ver. 18.0)

Figure 1: Flow chart for proprioceptive neuromuscular facilita-
tion treatment.

To perform the ESWT treatment effectively, the patients
were given a chair with a backrest for comfortable sitting.
ESWT was applied when each patient extended the elbow
joint up to the range that they could achieve through pas-
sive assisted exercises. For each area, the same shock wave
stimulation was applied to the myotendinous junction 300
times, which translated into a total of 900 times for all areas,
at a frequency of 2Hz and power level of 1. A one-minute
break was provided after the treatment of each area.

Proprioceptive neuromuscular facilitation

Among the several types of PNF was used as general physical
therapy for both groups in this study. The chopping pattern is
an upper limb PNF pattern wherein the subject assumes the
hook-lying position (bending the hip and knee joints in the
supine position). The leading affected arm keeps the flexion-
adduction-external rotation of the shoulder joint, anterior
elevation of the shoulder blade, extension-supination of the
elbow joint, and flexion-radial deviation of the wrist.

Each subject held their left wrist in the unaffected arm dur-
ing the flexion-adduction-external rotation of the shoulder
joint. Then, they performed the chopping pattern (extension-
adduction-internal rotation of the shoulder joint, posterior
depression of the shoulder blade, extension-pronation of
the elbow joint, and extension-ulnar deviation of the wrist)
according to the researcher’s instructions. Meanwhile, the
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extension-adduction-internal rotation pattern is an upper
limb PNF pattern in which the subject assumes the hook-
lying position. In this position, each subject was instructed
to place the affected arm at 11 o’clock, comfortably place
the opposite arm by the trunk, and perform the upper limb
extension-adduction-internal rotation pattern. A one-minute
break was given after 10 rounds of performance to prevent
muscle fatigue in the subjects.

Assessment methods

This study employed the modified Ashworth scale (MAS)
to assess stroke patients’ spasticity. The MAS measures the
spasticity of patients through passive exercises based on six
phases. Its scoring is as follows in Table 1.

Table 1: Six Phase scoring for MAS Measures

Phases MAS measures

Grade o No increase in muscle tone.

Grade1 A slight increase in muscle tone (minimal resist-
ance at the end of the range of motion (ROM)
when the subject holds or releases, or performs
flexion and extension of the affected region).

Grade 1+ A slight increase in muscle tone (minimal resist-
ance at 1/2 or less of the ROM).

Grade 2 A more visible increase in muscle tone at most
of the ROM but still easy movements.

Grade 3 A definite increase in muscle tone that makes
movements difficult.

Grade 4 Rigidity during flexion and extension that

makes passive movements impossible.

In this study, the MAS was measured during the extension of
the affected elbow joint, and the mean value of three meas-
urements was adopted as the measured value.

The Korean version of the Fugl-Meyer assessment (K-FMA)
is a technique for the quantitative evaluation of stroke pa-
tients’ functional recovery levels based on the phases of
motor function recovery after a stroke. Its total score is 226
points in six domains: 66 points for the upper limb, 34 points
for the lower limb, 14 points for balance, 24 points for sensa-
tion, 44 points for passive joint motions, and 44 points for
pain. Each item is scored 0 to 2 points; a higher score in-
dicates better motor control. In this study, the upper limb’s

Table 2: Comparison of MAS scores between groups

Experimental group

ability to perform movements was assessed using scores for
the wrist (10 points) and the hand (14 points), which are the
FMA'’s items for the distal upper limb.

The action research arm test (ARAT) is an evaluation item
for measuring the upper limb’s function. It consists of 19
items with a perfect score of 57 points. It has four subdo-
mains: holding (18 points), grabbing (12 points), picking up
(18 points), and gross motion (9 points).

In this study, the Korean version of the Modified Barthel
index (K-MBI) was used to assess stroke patients’ ADLs.
It evaluates movements based on five stages, from stage 1
(0 points), which refers to the inability to perform tasks, to
stage 5, which means complete independence. A patient’s
higher level of independence results in varied scores at a
higher stage. Its total score is 100 points based on a total of
10 items: personal hygiene, bathing, eating, toilet, going up
and downstairs, dressing, bowel and bladder control, ambu-
lation (wheelchair), and chair and bed transfer.

For every assessment, a pre-test was conducted before the
therapeutic interventions, and a post-test was conducted after
the final therapeutic intervention.

STATISTICAL ANALYSIS

For statistical data processing, mean + standard deviation
values were derived from descriptive statistics using SPSS
version 18.0, and an independent t-test was conducted to
identify differences between the groups. A paired t-test was
conducted to compare each group’s changes before and after
the experiment. The statistical significance level for all the
data was set at P<0.05.

RESULTS OF STUDY

Modified ashworth scale (mas)

In terms of the MAS score, the experimental and control
groups had no statistically significant differences before and
after the experiment (P>0.05)as shown in Table 2. In a com-
parison of the therapeutic effects on the two groups follow-
ing the intervention, no statistically significant differences
were found between the two groups (P>0.05).

Control group

Pre-test Post-test Pre-test Post-test
MAS 2.14+0.87 1.82+0.83 0.235 2.31+0.75 2.18+0.71 0.316
pre-post 0.47+0.08 0.25+0.07
0.298

<0.05, MAS: modify Ashworth scale
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Korean version of the fugl-meyer assessment
(K-FMA)

In terms of the FMA’s wrist score, each group exhibited a sta-
tistically significant difference before and after the experiment
(P<0.05). No statistically significant differences were ob-
served between the two groups in terms of the therapeutic ef-

Table 3: Comparison of FMA scores between groups

Experimental group

Pre-test Post-test
FMA Wrist 4.28+1.14 6.75+0.87
pre-post -1.06+0.23
FMA Hand 6.89+2.02 8.59+1.83
pre-post -1.44+0.36

fects following the intervention (P>0.05) as shown in Table 3.

Moreover, for the FMA’s hand score, only the experimental
group showed a statistically significant difference before and
after the experiment (P<0.05). No statistically significant
differences were found between the two groups in terms of
their therapeutic effects following the intervention (P>0.05).

Control group P
Pre-test Post-test

0.018 4.46+1.02 5.64+0.59 0.046
-1.04+0.37

0.064

0.031 6.72+1.76 7.58+1.12 0.082
-0.62+0.29

0.071

<0.05, FMA: Fugl-Meyer assessment

Action research ARM test (ARAT)

The ARAT scores showed a statistically significant dif-
ference for both groups before and after the experiment
(P<0.05)as shown in Table 4. Meanwhile, a comparison of

Table 4: Comparison of ARAT scores between groups

Experimental group
Pre-test Post-test
ARAT 21.47+6.31 34.55+7.19
pre-post -12.48+3.35

the two groups in their therapeutic effects following the in-
tervention exhibited that the experimental group had a larger
statistically significant change than that of the control group
after the intervention (P<0.05).

P Control group P
Pre-test Post-test
0.000 22.37+7.12 32.97+5.67 0.000
-10.69+4.98
0.000

<0.05, ARAT: action research arm test

Korean version of the modified barthel index
(K-MBI)

Both groups showed a statistically significant difference in
their K-MBI scores before and after the experiment (P<0.05)

Table 5: Comparison of MBI scores between groups

Experimental group
Pre-test Post-test
MBI 45.89+8.95 52.35+9.19
pre-post -7.33+3.78

as shown in Table 5. In a comparison of the two groups re-
garding their therapeutic effects after the intervention, the
experimental group exhibited a larger statistically significant
change than that of the control group (P<0.05).

Control group

Post-test

Pre-test

0.000

0.000 50.32+7.48

43.877.55
-6.02+3.01

0.028

<0.05, MBI: modified Barthel index

-1t————_________________|
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DISCUSSION

Stroke is classified as obstructive stroke (in which ischemia
attributed to infarction causes hypoxia and brain tissue ne-
crosis) and hemorrhagic stroke (caused by intracranial haem-
orrhage). Stroke is a primary cause of death and disabilities
throughout the world, and its incidence is gradually increas-
ing. Most of the patients develop long-term disabilities due
to a chronic lack of exercise associated with a lowered quali-
ty of life. This condition is more common among the elderly,
but nowadays, stroke also often occurs in those aged 20 to 40
because of changes in the social environment.

The development of medical technology has increased the
survival rate of stroke patients, but 70% to 75% of them are
restricted in performing ADLs due to aftereffects. Over 85%
of stroke patients experience hemiplegia, and over 69% of
hemiplegic patients develop motor disturbance. Although
most stroke patients continue to use their affected lower
limbs through walking, their upper limbs rely on the unaf-
fected side. As a result, the affected upper limb is less fre-
quently used, thereby worsening functional restrictions with
time. Particularly, because stroke patients’ independence
in performing ADLs depends on the functional recovery of
their upper limbs, they should receive therapeutic interven-
tions that can facilitate the upper limb’s functional activity.
Without proper treatment, 55% to 75% of patients exhibit
upper limb disorders even six months after stroke onset.

Actual motor disorders that occur in a stroke patient’s af-
fected upper limb after this pathological process can be ex-
plained by the occurrence of “learned nonuse”. Even a pa-
tient with a high motor recovery level at an initial evaluation
learns the compensation of the unaffected upper limb in the
early stages of functional training unless they spontaneously
use the affected upper limb. Even with the subsequent res-
toration of the patient’s motor and sensory functions, their
learned nonuse of the hand on the affected side results in
motor disturbance.

Stroke patients’ upper limb problems include spasticity,
weakened muscle strength, imbalance, muscle tone chang-
es, arthrochalasis and dystaxia, and sensory disorders, and
these losses of motor control substantially confine their in-
dependently performed activities, such as ADLs. Also, such
restrictions of independent activities in stroke patients lower
their quality of life by changing their life patterns toward
dependence. In other words, brain tissue damage deforms
muscle activity, reduces muscular strength and contraction,
and reduces the ability for motor control and planning and
the integration of sensory information, thereby eventually
constraining patients’ selective movements.

The facilitation of stroke patients’ rehabilitation and return
to their daily lives requires therapeutic interventions that can
reduce the long-term nonuse, incompetence, and functional

impairment of their upper limbs. In clinical practice, thera-
peutic approaches using traditional methods, such as PNF,
Bobath therapy, and the Brunnstrom approach, are frequent-
ly applied to restore upper limb function. Additional meth-
ods include CIMT, which encourages the use of the affected
upper limb while restricting the use of the unaffected upper
limb, feedback control therapy through mirror images using
robot-assisted systems, the treatment that applies feedback
training to movements on the affected side using a mirror,
treatment using quick tempos, and aquatic therapy applied
via buoyance to patients with spasticity and weak muscular
strength. Also, studies using overlapping therapeutic effects
are underway to improve upper limb functions, including
electric stimulation therapy and NDT, taping and NDT, elas-
tic bands and NDT, and aids and taping.

In this study, the overlapping effects of ESWT and PNF on
stroke patients’ improvement in upper limb function were
investigated with ESWT as an electrical stimulation thera-
py before applying PNF. PNF is a therapeutic approach for
rehabilitating stroke patients that facilitates the response
of nerve roots by stimulating the proprioceptor. As a mass
movement using diagonal and spiral exercise patterns, PNF
induces muscle contraction on the weak side by promoting
interactions between the body’s two sides and training the
strong side via resistance exercises. PNF’s diagonal and spi-
ral exercise patterns are very similar to movements gener-
ated by functional activities. Mass movement patterns can be
categorized as the upper limb, lower limb, trunk, head, and
mandibular patterns. These patterns evolve into more diverse
patterns with joints that serve as axes around which major
movements occur.

PNF stimulates the proprioceptor inside the muscle and ten-
don, thereby enhancing their functions and increasing mus-
cular strength, flexibility, and equilibrium. Also, according
to PNF’s approach, resistance and traction can increase mus-
cular strength by causing muscle contraction and offer stabil-
ity to the area that generates movements by controlling the
direction, size, and speed of movements. By stimulating the
proprioceptor and facilitating normal responses using spiral
patterns, PNF can promote the response of nerve roots via
their mechanism by stimulating proprioception in the mus-
cle spindle that discharges afferent excitation in response to
muscle length or tension.

ESWT has been used orthopedically since its first adoption
as a treatment for kidney stones in the early 1980s. In recent
years, it has gradually expanded as a noninvasive pain and
rehabilitation therapy for musculoskeletal diseases. ESWT is
categorized as focused and radial types according to the prin-
ciple of shockwave generation. The focused type collects
shock waves from the site of their generation into a single
location through collection plates. The radial type gradually
weakens shock waves with increases in distance due to its
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dispersing pattern. Currently, available focused-type ESWT
equipment’s shock wave generation devices are classified as
electro-hydraulic, electromagnetic, and piezoelectric types.

ESWT is used for diseases such as plantar fasciitis, lateral ep-
icondylitis, patellar tendinitis, nonunion of the iliac fracture,
and osteonecrosis of the femoral head. It reduces pain. helps
regenerate impaired tendons and bones and facilitates blood
supply in patients with diabetic foot ulceration and ischemic
heart disease. Previous research has found that ESWT pro-
motes angiopoiesis and induces the formation of lymphatic
vessels through the upregulation of the vascular endothelial
growth factor (VEGF) and the basic fibroblast growth fac-
tor (bFGF). A subsequent study on patients with secondary
lymphedema proved the therapeutic effects of ESWT. Ac-
cordingly, ESWT is endorsed as a noninvasive alternative
treatment method for patients with lymphedema. ESWT en-
hances cytopermeability via a mechanical force generated by
acoustic shock waves and increases the expression of factors
involved in the formation of lymphatic vessels. It also in-
creases skin elasticity and facilitates the organization of the
skin structure.

In this study, low-intensity ESWT was employed to exam-
ine stroke patients’ functional improvement through reduced
spasticity. In terms of muscle tone and FMA scores for the
extension of the elbow joint, the experimental group treated
with ESWT showed a larger reduction in spasticity and a
higher increase in the FMA score than those of the control
group. However, no statistically significant differences were
observed between the two groups. A study (Taheri et al., 2017)
focusing on 28 stroke patients with spasticity reported that
the experimental group, which was treated with ESWT once
a week for three weeks along with the administration of anti-
convulsants and stretching exercises, made statistically signif-
icant improvements in the Modified Ashworth Scale (MAS),
pain, and ROM compared with the control group, which only
received anticonvulsants and performed stretching exercises.

In a study (Wu et al., 2018) that investigated differences in
the therapeutic effects of ESWT and a treatment based on
botulinum toxin types, the Extracorporeal Shock-Wave
Therapy (ESWT) group achieved statistically significant
improvements in the modified Ashworth scale (MAS) and
Fugl-Meyer assessment (FMA) scores compared with those
of the control group. The present study did not obtain the
same results as those of these prior studies, which may be
because it failed to maximize the effects of functional im-
provements in the hands and wrists in terms of shock wave
generation methods and their application site and time.

CONCLUSION

The present study’s findings indicated differences between
the two groups in the ARAT and ADL evaluation. The ex-

—-1—...._________________|

perimental group, which was treated with ESWT before
PNF, produced larger statistically significant increases in
the ARAT and K-MBI than those of the control group. Ac-
cording to a study (Guo et al., 2019) that explored the over-
lapping effects of ESWT and mirror therapy in 120 stroke
patients, a group that received both therapies reduced their
spasticity and improved their upper limb function more ef-
fectively than a group treated with only one therapy . This
outcome is probably because the application of ESWT in-
creased patients’ independence in performing ADLs by re-
ducing the limitations in their functional activity through
spasticity control.

The present study has some limitations. It had a small num-
ber of subjects and a short period of therapeutic interven-
tions. Also, these therapies were not applied from the early
stages of the disease. Moreover, their therapeutic effects with
time were not evaluated. Nevertheless, this study may pro-
mote new studies that compare the effects of therapies for
stroke through their applications in the early stages of the
disease based on varied body regions, treatment durations,
and quantitative evaluations.
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