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Abstract

reflected as improvement of functional activity.

Background: Stroke patients often present with upper limb spasticity which impairs the functional status of patients.
Recently, extracorporeal shock wave therapy (ESWT) is reported to be a safe, non-invasive, alternative treatment for
spasticity. Many articles have been published on the effect of ESWT on lower limb spasticity, but only few of them had
focused on upper limb spasticity, so the aim of this study is to evaluate the clinical and electrophysiological effect of
ESWT on wrist and hand spasticity of chronic stroke patients and its impact on functional performance. In this
monocentric study, forty chronic stroke patients with upper limb spasticity were recruited and randomly allocated into
two groups. Both groups continued to receive conventional stroke rehabilitative program, while group | received three
sessions of radial extracorporeal shock wave therapy (rESWT) 1 week apart.

Results: There was a significant decrease in wrist and hand spasticity after treatment and at follow-up in group |
compared to group Il (Modified Ashworth Scale after rESWT 145 + 0.16, 2.90 + 0.18 and follow-up 1.55 + 0.13, 3.00 £
0.15 in groups | and II, respectively). Also, there was a significant improvement of wrist control and hand function after
treatment and at follow-up in group | compared to group Il (p < 0.001). The improvement of pinch grip was noticed at
follow-up with a significant difference relative to baseline in group | (p < 0.05). Hmax/Mmax ratio was significantly
decreased at follow-up in group | compared to group I (p < 0.001).

Conclusion: ESWT is a valuable adjuvant treatment for spasticity of the hand and wrist in stroke patients which is

Trial registration: ClinicalTrials.gov, NCT04312581. Registered on 18 March 2020.
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Background

Spasticity is defined as “a velocity-dependent enhance-
ment in muscle tone in response to passive stretching
because of supraspinal disinhibition of stretch reflexes.”
Post-stroke upper limb spasticity can be disabling and
can result in some functional limitations, representing
an example of maladaptive plasticity. The incidence of
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post-stroke spasticity is variable ranging from 20 to 40%
and associated with a significant impact on patient’s
functional status and quality of life [1]. Persistent pain,
reduced mobility, contractures, and skeletal deformities
are the drawbacks of spasticity that may limit the poten-
tial effect of rehabilitation. Therapeutic regimens for
spasticity management depend on passive stretching,
splints, antispastic drug, phenol, botulinum toxin (BTX)
injection, physical modalities as electric therapy and
ultrasound therapy, and surgery [2].
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Extracorporeal shock wave therapy (ESWT) is defined
as “a sequence of single, highly energetic, biphasic acous-
tic impulses characterized by rapid propagation of sud-
denly increased pressure in three-dimensional space.”
Two types of ESWT are defined, focused (fESWT) and
radial (rESWT); focused ESWT (fESWT) is generated by
electromagnetic, electrohydraulic, and piezoelectric
sources. In fESWT, the pressure increases rapidly from
under 10ns up to 100—1000 bars (energy absorption up
to 12-cm depth). In the radial ESWT (rESWT), the pres-
sure increases slightly up to 5 s and reaching 1-10 bars
(energy absorption up to 3 cm). So fESWT is more in-
tensive than rESWT within the focal area of the highest
energy exposure when rESWT has the superficial region
of interest. The rESWT is less invasive than fESWT and
more appropriate for physiotherapy purposes [3].

ESWT has been successfully used in orthopedic dis-
eases such as tendinitis, epicondylitis, plantar fasciitis,
and several inflammatory tendon diseases [4].

In the last 5 years, a few review studies have pro-
vided evidence to support the use of ESWT for the
spasticity: one meta-analysis of clinical trials on all
types of spasticity in patients after brain injury [5],
two meta-analyses of randomized controlled trials
(RCTs) on spasticity in post-stroke patients [2, 6],
and one authorized narrative review on upper and
lower limb spasticity in post-stroke patients [7]. Sev-
eral studies have confirmed the use of ESWT in
decreasing spasticity in patients with cerebral palsy
[8-13] and multiple sclerosis [14].

The underlying mechanisms that explain the beneficial
effects of ESWT on spasticity are still undefined. Previ-
ous studies have suggested the effect of ESWT on nitric
oxides (NO) production [15], muscle fibrosis [16], spinal
cord excitability modification [17], or affect the Golgi
tendon directly which suppresses motor nerve excitabil-
ity by inhibiting muscle spindle activity [18].

As many articles that have been published on the ef-
fect of ESWT were performed on the lower limb spasti-
city [8-10, 12-14, 19-21], only a few of them had
focused on upper limb spasticity [22]. We aimed to
evaluate the clinical and electrophysiological effect of
extracorporeal shock wave therapy (ESWT) on the wrist
and hand spasticity of chronic stroke patients and its
impact on functional performance.

Methods

Study design

This is a prospective, single-center, double-blind ran-
domized controlled parallel-group trial. Ethical approval
for this study was obtained from the ethics committee of
Tanta. University Faculty of Medicine (approval number:
33693/2/20).
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Study setting

Patients were selected from the outpatient clinic of
Physical Medicine, Rheumatology and Rehabilitation
Department of Tanta University Hospitals, Egypt.

Participant

This study was carried out on forty chronic stroke pa-
tients who presented at the time of study with upper
limb spasticity at different degrees. The sample size esti-
mation was performed using the G-Power 3.1.9.2 soft-
ware. It was found that 11 individuals for each group
must have been recruited to have 85% power with 5%
type 1 error level. The average expected value in the first
group was — 0.5 (with a standard deviation of 0.09), and
the average expected value in the second group was 0.05
(with a standard deviation of 0.05) based on the previous
research conducted by Li et al. evaluating the effect of
radial shock wave therapy on spasticity of the upper limb
in patients with chronic stroke.

Informed written consent from all patients was ob-
tained in accordance with the local ethical committee.
Privacy of all patients’ data was granted as there was a
code number for every patient file.

Inclusion criteria

Patients with chronic stroke with a disease duration of
more than 1 year were included in the study with a
stable Modified Ashworth Scale for upper limb spasticity
ranged from 1+ to 4.

Exclusion criteria

Patients more than 65 years (to limit the effect of age on
muscle bulk and power); patients with double stroke; pa-
tients with fixed contractures of the wrist and hand; pa-
tients who had received antispastic measures (botulinum
toxins, nerve block) within 6 months; patients with
contraindication to extracorporeal shock wave therapy,
i.e., malignancy at the treatment area, coagulopathies,
and active infection (viral or TB); patients with oral anti-
coagulants and bleeding wounds; and patients with
pacemakers.

Randomization

The patients were randomly divided into two groups (20
patients for each) by using a computer-generated ran-
dom number of sequences. The group assignment was
recorded on a card. This card was folded in half such
that the label with the patient’s group assignment was
on the inside of the fold. The folded card was then
placed inside the envelope, and the envelope was sealed.
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Interventions

First group

The first group received three sessions of radial extra-
corporeal shock wave therapy (rESWT) 1 week apart,
2000-3000 impulses at 0.25-0.84 mJ/mm?” with a pres-
sure 2.8 bar and 15Hz frequency. rESWT was applied
on flexor carpi ulnaris, flexor carpi radialis, flexor digi-
torum muscles nearly at the midpoint of their fleshy
part, intrinsic hand muscles, and tendons of flexor digi-
torum on the palm. The patients continued their med-
ical treatment and conventional rehabilitation program.

Second group

The second group received conventional rehabilitation
in form of range of motion exercise of upper limb joints;
passive stretching exercise for fingers, wrist, and elbow
flexors; and occupational therapy, in addition to medical
treatment for spasticity management. The patients in
both groups received the same conventional rehabilita-
tion program: three sessions/week (45 min each session)
for the whole period of the study till the time of follow-

up.

Outcome measurements

Patients were examined by the same physiatrist, who
was blinded to the randomization and treatment proced-
ure. The evaluation was performed at the baseline, 2
weeks, and 3 months after the last session of rESWT as
a follow-up.

Modified Ashworth Scale (MAS) [23]

Scoring (taken from Bohannon and Smith [23]) is a valid
scoring system for spasticity; it consists of six grades {0
no increase in muscle tone; 1 slight increase in muscle
tone, manifested by a catch and release or by minimal
resistance at the end of the range of motion when the af-
fected part(s) is moved in flexion or extension; 1+ slight
increase in muscle tone, manifested by a catch, followed
by minimal resistance throughout the remainder (less
than half) of the range of motion (ROM); 2 more
marked increase in muscle tone through most of the
ROM, but affected part(s) easily moved; 3 considerable
increase in muscle tone, passive movement difficult; 4
affected part(s) rigid in flexion or extension}. Grade 1+
was pointed as 2 in the study; therefore, 1 point was
added to each of the following grades, so the scale was
pointed from 0 to 5. The patient was supine with the
elbow as straight as possible and the wrist was moved
passively from flexion to extension.

Fugl-Meyer Assessment (FMA) [24]

The FMA assesses motor function recovery after stroke
and consists of 33 and 17 performance items in the
upper and lower limbs, respectively. The scores range
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from O (unable to perform), 1 (partial ability to perform),
to 2 (near-normal ability to perform). The items that
measure wrist control and hand function have been re-
vealed to have excellent intrarater reliability and high
interrater reliability [25].

Motricity Index [26]

The Motricity Index can be used to assess the motor im-
pairment in a patient with stroke; only one item (pinch
grip) was tested using a 2.5-cm cube between the thumb
and forefinger and the score was graded as:

¢ 0 no movement

e 11 beginnings of prehension (any movement of
fingers or thumb)

e 19 able to grip cube but not hold it against gravity

e 22 able to hold cube against gravity but not against
a weak pull

e 26 able to hold the cube against a weak pull but
strength is weaker than normal

e 33 normal pinch grip

The validity of the Motricity Index for the upper ex-
tremity is supported by the high degree of association
between its components and its correlation with both
grip strength and a measure of upper extremity function
[27].

Electrophysiological assessment of spasticity by Hmax/
Mmax amplitude ratio

Nihon Kohden neuropack 2 electromyography (EMG)
machine, 2 channel, surface electrodes were used. H re-
flexes occur consistently in a variety of upper extremity
muscles during an isometric contraction. Hmax/Mmax
amplitude ratio was obtained from the patient’s spastic
upper limb. Flexor carpi radialis muscle (FCR) which
was the recording site with active electrode placement
was placed at a point between the proximal one-fourth
and the distal three-fourths (recording point) on a line
between the medial epicondyle of the humerus and the
styloid process of the radius, reference over its tendon.
The ground electrode was put between the recording
electrode and the stimulator. Submaximal stimulation
was done for the median nerve between the biceps bra-
chii and brachialis muscles at the elbow using a bipolar
stimulator with the cathode proximal to the anode [28].
After that, supramaximal stimulation was done (at the
same previous site of stimulation with the cathode distal
to the anode) to produce the maximal direct muscle (M)
response from FCR. The H/M ratio was calculated as
each value is a mean of three consecutive values of both
H reflex and M response. The Hmax/Mmax ratio is a
reliable measure of the a motor neuron excitability [29].
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Statistical analysis

Data were fed to the computer and analyzed using IBM
SSPS software package version 20.0 (Armonk, NY: IBM
Corp.). Qualitative data were described using number
and percent, and quantitative data were described using
range, mean, standard deviation. The significance of the
obtained results was adjusted at the 5% level.

A paired ¢ test was used for normally distributed quan-
titative variables, to compare between two periods, and a
Student ¢ test to compare between two studied groups.
Statistical significance was set at p < 0.05 [30].

Results

Participants

The flow diagram of the patients who participated in this
study is shown in Fig. 1. The demographic and clinical
data of patients are listed in Table 1. Both groups
showed no significant difference regarding Modified
Ashworth Scale (MAS) for wrist and hand muscles,
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Fugl-Myer Assessment (FMA) for wrist control and
hand function, and Motricity Index at the baseline.

Outcome measurements
There was a significant improvement of MAS and FMA at
2 weeks after rTESWT and at 3-month follow-up in the
first group compared to the second. Also, there was a sig-
nificant improvement of MAS and FMA in patients of the
first group after treatment and at follow-up relative to
baseline, but there was no significant difference at follow-
up compared to after treatment except for hand function
of FMA. Patients of the second group showed no signifi-
cant change at the two periods (Tables 2 and 3).
Regarding Motricity Index for pinch grip, there was no
significant difference between patients of both groups
after treatment and at follow-up; however, the only sig-
nificant improvement of this index was recorded at the
follow-up period when compared to baseline in the first
group (Table 3).

== CONSORT

L7 I TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram of the patients
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¥ Allocation | y
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week apart and conventional
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Table 1 Demographic and clinical data of the studied groups showing that the two groups are matched regarding patient’s age

and disease duration

Group | (n = 20) Group Il (n = 20) Unpaired t test (p)
Age (years)
Mean + SD 5570 £ 930 53.85 £ 10.20 0.557
Sex No. % No. %
Male 18 90 17 85
Female 2 10 3 15
Type of stroke No. % No. % -
Ischemic 13 65 11 55
Hemorrhagic 7 35 9 45
Side affected No. % No. % -
Right 15 75 12 60
Left 5 25 8 40
Disease duration (months)
Mean + SD 33.50 + 5.60 31.70 £ 9.15 0462

Group |, radial extracorporeal shock wave therapy and conventional rehabilitation; group II, conventional rehabilitation

Hmax/Mmax ratio was significantly decreased at
follow-up in patients of the first group (Fig. 2) compared
to the second but not after treatment. Also, this ratio
was significantly decreased after the treatment and at
follow-up in the first group (Table 4).

Figure 2 shows H reflex in group I before treatment, 2
weeks after treatment, and at follow-up with H/M ratio

0.84, 0.67, and 0.40 before treatment, 2 weeks after treat-
ment, and at follow-up, respectively.
No adverse events were observed in either group.

Discussion
The present study suggests that rESWT has a beneficial
effect on spasticity and functional status of the upper

Table 2 Modified Ashworth Scale (MAS) for the wrist and hand in the studied groups at baseline, after rESWT, and at follow-up
showing significant improvement in Gl after receiving rESWT therapy relative to baseline and also a significant improvement in

comparison to Gl

Group | Group Il Unpaired t test (p)
Mean + SD Mean + SD
MAS (wrist)
Baseline 3.05£0.18 295+ 0.19 0.094
After rESWT (2 weeks after the last session) 145+ 0.16 290 +0.18 <0.001*
Follow-up (3 months after the last session) 155+0.13 3.00 + 0.15 <0.001*
Paired t test
P1 <0.001* 0396
P2 <0.001* 0.064
P3 0372 0.361
MAS (hand)
Baseline 335+022 325+ 021 0.145
After rESWT (2 weeks after last session) 2.15 +0.19 3.15 +0.18 <0.001*
Follow-up (3 months after the last session) 220+ 017 320+ 0.16 <0.001*
Paired t test
P1 <0.001* 0.107
P2 <0.001* 0359
P3 0.388 0391

Values are mean + SD

MAS Modified Ashworth Scale, P1 2 weeks after rESWT versus baseline, P2 3-month follow-up versus baseline, P3 3-month follow-up versus 2 weeks after rESWT

*Significant values
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Table 3 Fugl-Myer Assessment (FMA) of hand function and wrist control and Motricity Index (pinch grip) in the studied groups at
baseline, after rESWT, and at follow-up showing significant improvement of FMA in Gl after receiving rESWT therapy relative to

baseline and in comparison to Gll and significant improvement of Motricity Index at follow-up period in Gl

Group | Group |l Unpaired t test (p)
Mean + SD Mean + SD
FMA (wrist control)
Baseline 120 £0.17 125+ 023 0436
After rESWT (2 weeks after the last session) 2.10 + 0.35 130 + 021 <0.001*
Follow-up (3 months after the last session) 200 £ 0.16 135+ 0.19 <0.001*%
Paired t test
P1 <0.001* 0476
P2 <0.001* 0.140
P3 0.266 0439
FMA (hand function)
Baseline 365 £ 024 3.75+£032 0.272
After rESWT (2 weeks after the last session) 520+ 036 370+ 034 <0.001*
Follow-up (3 months after the last session) 470 +0.18 3.80 +0.28 <0.001*
Paired t test
P1 <0.001* 0.632
P2 <0.001* 0.600
P3 <0.001* 0313
Motricity Index (pinch grip)
Baseline 2045 £ 3.37 21.05 £ 248 0.521
After rESWT (2 weeks after the last session) 2270 £ 4.10 2140 = 3.23 0272
Follow-up (3 months after the last session) 2315 £ 462 21.85 £ .3.70 0.336
Paired t test
P1 0.064 0.707
P2 0.043* 0432
P3 0.747 0.682

Values are mean + SD

FMA Fugl-Meyer Assessment, P1 2 weeks after rESWT versus baseline, P2 3-month follow-up versus baseline, P3 3-month follow-up versus 2 weeks after rESWT

*Significant values

limb (using Fugl-Meyer Assessment for hand function
and wrist control and Motricity Index for pinch grip).

Neuronal plasticity can lead to an extreme degree of
spontaneous recovery of early stroke patients in few
months. However, neural plasticity concerning compen-
satory movement, activated ipsilateral motor projections,
and competitive interaction after stroke contributes to
maladaptive plasticity, which negatively affects motor re-
covery. Rehabilitation programs should be selected ac-
cording to the motor impairment of stroke patients to
minimize maladaptive plasticity [31]. We conducted this
study on patients with a disease duration of more than 1
year aiming to investigate the individual effect of treat-
ment regimens on spastic muscles.

Despite no established standard guidelines, several
mechanisms could explain the therapeutic role of ESWT
in spasticity; nitric oxides (NO) generated by ESWT are
involved in neurotransmission, memory formation,

neuromuscular junctions, and synaptic plasticity in the
central nervous system [4]. Similar to the inhibitory
action of botox (BTX) on neuromuscular transmission,
Kenmoku et al. observed rapid degeneration of acetyl-
choline receptors after ESWT application but without
muscle weakness. Also, the amplitude of the compound
muscle action potential was significantly decreased
immediately after ESWT and lasted for 8 weeks in an
animal study [32].

Modification of spinal excitability is another mechan-
ism; as abnormal stretch reflexes may not completely ex-
plain the development of spasticity, the effects of ESWT
on spinal excitability may support the idea that ESWT
acts on nonreflex hypertonia [33]. Although having a
temporary effect, mechanical vibration could be attrib-
uted as a contributing factor decreasing spinal excitabil-
ity [16]. Structural and mechanical changes in the
spastic muscle lead to fibrosis of inactive connective
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\

H latency 7.1 ms

H amplitude 4.9 mv

H latency 7.8 ms
H amplitude 2.7 mv

H latency 7.3 ms
H amplitude 1.31 mv

Fig. 2 H reflex in group I. a Before treatment. b Two weeks after treatment. ¢ Follow-up (3 months after treatment)

tissue. ESWT in the long run can diminish spasticity by
reduction of fibrosis of chronic hypertonic muscles [2, 16].

Dymarek et al. [34] revealed a significant reduction in
MAS in 20 patients with upper limb spasticity treated
with a single session of rESWT. Li et al. [35] reported a

significant reduction in spasticity of the hand and wrist
for at least 16 and 8 weeks in the group receiving 3 ses-
sions of rESWT and in the group receiving a single ses-
sion of rESWT, respectively. Three sessions of rESWT
had a longer-lasting effect than one session.

Table 4 Hmax/Mmax ratio in the studied groups at baseline, after rESWT, and at follow-up showing a significant decrease of Hmax/
Mmax ratio in Gl after rESWT therapy relative to baseline and significant improvement in comparison to Gll at follow-up

Group | Group Il Unpaired t test (p)
Mean + SD Mean + SD
Hmax/Mmax ratio
Baseline 079 +0.14 077 +0.22 0.735
After rESWT (2 weeks after the last session) 0.71 £0.10 0.75+023 0.283
Follow-up (3 months after the last session) 0.58 +0.12 0.76 + .0.19 0.0014*
Paired t test
P1 0.048* 0.727
P2 <0.001* 0.879
P3 0.006* 0.847

Values are mean + SD

P1 2 weeks after rESWT versus baseline, P2 3-month follow-up versus baseline, P3 3-month follow-up versus 2 weeks after rESWT

*Significant values
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Coinciding with the previous data [34, 35], MAS for
clinical assessment of the wrist and hand muscle spasti-
city in stroke patients pointed out significant improve-
ment after treatment and at follow-up compared to
baseline in the first group with a significant difference
between the two groups (Table 2).

FMA for wrist control and hand function was our tool
to assess the sensorimotor function of the wrist and
hand in this study; improvement of functional ability
was noticed in the first group relative to the second one
after treatment and at follow-up with significant differ-
ences. Also, there was a significant improvement in pa-
tients of the first group after treatment and at follow-up
relative to baseline.

Spastic hand muscles may serve as a reasonable factor
for an average hand grip more than weak muscles; this
can explain the results of the Motricity Index for pinch
grip after treatment, where there was no significant
change after treatment and at follow-up between both
groups, with significant improvement at follow-up
period when compared to baseline in the first group.

Few studies measured the motor functional outcome
of the upper limb in spastic stroke patients. Troncati
et al. [36] revealed significant improvement of FMA of
twelve patients with stroke after treatment with two ses-
sions of ESWT, and the effects were maintained 3 and 6
months after treatment.

In a prospective randomized, single-blind controlled
trial by Li et al. [35], a significant improvement in FMA
scores for hand function and wrist control after three
sessions of rESWT was maintained for 16 and 12 weeks,
respectively, compared with those of sham or one ses-
sion of rESWT group and there was no significant im-
provement in FMA scores after one session of rESWT
compared with sham control, indicating that repeated
sessions of ESWT are necessary to ameliorate functional
motricity. Thus, clinical experience indicates repeated
sessions of ESWT could be superior to a single applica-
tion. Li et al. [35] confirmed that repeated sessions of
rESWT result in a more noticeable and longer-lasting
effect.

In 1974, Deschuytere and colleagues [37] showed resting
H reflexes in the flexor carpi radialis (FCR) and palmaris
longus in most of their volunteers. H reflex amplitudes are
increased with respect to maximal M responses recorded
in the spastic muscle as a result of enhanced excitability in
the monosynaptic stretch reflex arc [38].

Our results revealed a significant reduction in Hmax/
Mmax amplitude ratio at follow-up in the first group
with a significant difference between the two groups at
follow-up (Table 4); these results pointed out the de-
layed effect of ESWT on reflex arc excitability.

The effect of ESWT on spinal excitability and Golgi
tendon organs to suppress motor nerve excitability can
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be a reasonable mechanism. One recent study revealed a
reduction of the Hmax/Mmax ratio after ESWT indicat-
ing a change in alpha motor neuron excitability [39].
Other studies revealed that no significant changes of F
wave or H wave latency or amplitude were demonstrated
in human studies after ESWT application [40, 41].

To our knowledge, this study is the first one using
combined different assessment measures (clinical and
electrophysiological) to evaluate the effect of radial
extracorporeal shock wave therapy (rESWT) on wrist
and hand functions of spastic chronic stroke patients.

Some limitations of this study should be considered as
relatively small sample size of patients and short dur-
ation of follow-up to reveal the sustained effects of this
modality of treatment. More studies are needed with
more flexible inclusion criteria for the disease duration
to include spastic patients during the first year to pre-
vent the development of maladaptive plasticity. Also,
more research should be done to see if the rESWT could
substitute other modalities of spasticity treatment such
as the muscle relaxant and botox injection.

Conclusions

ESWT is a valuable adjuvant treatment for spasticity of
the hand and wrist in stroke patients which is reflected
as improvement of functional activity.

Recommendation

rESWT is recommended as adjuvant physical treatment
if the muscle relaxants failed to achieve the desired effect
or had side effects or contraindications.
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