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Spasticity in Poststroke Patients: A Meta-Analysis
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Background: Spasticity is a common and serious complication following a stroke,
and many clinical research have been conducted to evaluate the effect of extra-
corporeal shock wave therapy (ESWT) on muscle spasticity in poststroke patients.
This meta-analysis aimed to evaluate the therapeutic effect on decreasing spas-
ticity caused by a stroke immediately and 4 weeks after the application of shock
wave therapy. Methods: We searched PubMed, Embase, Web of Science, and Co-
chrane Library databases for relevant studies through November 2016 using the
following item: (Hypertonia OR Spasticity) and (Shock Wave or ESWT) and (Stroke).
The outcomes were evaluated by Modified Ashworth Scale (MAS) grades and pooled
by Stata 12.0 (Stata Corp, College Station, TX, USA). Results: Six studies consist-
ing of 9 groups were included in this meta-analysis. The MAS grades immediately
after ESWT were significantly improved compared with the baseline values (stan-
dardized mean difference [SMD], —1.57; 95% confidence intervals [CIs], —2.20, —.94).
Similarly, the MAS grades judged at 4 weeks after ESWT were also showed to
be significantly lower than the baseline values (SMD, —1.93; 95% ClIs, —2.71, -1.15).
Conclusions: ESWT for the spasticity of patients after a stroke is effective, as mea-
sured by MAS grades. Moreover, no serious side effects were observed in any
patients after shock wave therapy. Nevertheless, our current study with some limi-
tations such as the limited sample size only provided limited quality of evidence;
confirmation from a further systematic review or meta-analysis with large-scale,
well-designed randomized control trials is required. Key Words: Extracorporeal
shock wave therapy—muscle spasticity—stroke—meta-analysis.
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Introduction

Spasticity is a neurological symptom frequently ap-
pearing in patients after a stroke and is defined as a
velocity-dependent increase in tonic stretch reflexes with
exaggerated tendon jerks due to the hyperexcitability of
the stretch reflex.! The prevalence of spasticity was re-
ported to be approximately 42%,” and permanent
contracture and skeletal deformities may occur in a certain
group of hypertonic muscles suffering from sustained
contraction,’ leading to a tougher life and a higher medical
fee for poststroke patients. Therefore, how to control and
treat spasticity after a stroke has been an increasingly es-
sential problem. There were various options for the
management of spasticity including physical therapy (cryo-
therapy, thermotherapy, vibration, and electrical
stimulation), oral antispastic drugs (baclofen, tizanidine,
dantrolene, and benzodiazepines), chemical nerve blocks
(phenol and alcohol), and botulinum toxin injections.” But
considerable adverse effects of the existing treatments have
been found during or after the treatments. For example,
systemically administered antispastic drugs may reduce
the force of normal muscles and their value may dimin-
ish with prolonged use; nerve blocks like phenol often
cause skin sensory loss and dysesthesia.” In addition, re-
petitive injections of botulinum toxin may stimulate the
formation of neutralizing antibodies, and the inappro-
priate dosage and incorrect injection sites also challenge
the efficacy of this treatment.® The previously reported
physical modalities either needed a further evaluation of
effectiveness or lacked long-term effects.”® Compared with
these conventional treatments, extracorporeal shock wave
therapy (ESWT) is considered as a safe, effective, prac-
tical, and noninvasive method for reducing spasticity. The
shock wave is defined as a sequence of single sonic pulses
characterized by high peak pressure (sometimes more than
100 MPa), fast pressure rise (<10 ns), and short duration
(10 us) and is conveyed by an appropriate generator to
a specific target area.” ESWT was first introduced in the
early 1980s to break up kidney stones.!’ In recent years,
shock wave therapy has been reported as the leading choice
for the treatment of musculoskeletal diseases such as cal-
cific tendinitis of the shoulder," nonunion of a long-
bone fracture,'” plantar fasciitis,"* and lateral epicondylitis
of the elbow."

Several recent clinical trials have been performed to
evaluate the effect of ESWT on muscle spasticity in
poststroke patients. Those research adopted different clin-
ical scales, and the follow-up time varied from each other,
so it was insufficient to draw a definite conclusion on
the effectiveness. Up to now, we only found 1 similar
review article published in 2016 by Dymarek et al."” This
article arrived at the conclusion that the application of
extracorporeal shock wave was safe and effective on upper-
and lower-limb spasticity in poststroke patients, which

was also similar to our conclusion. However, they did
not use a meta-analysis, and the date of retrieval was 1
year ago. Therefore, we conducted this meta-analysis to
provide a more prudential and convincing conclusion,
hoping to bring some evidence to the application of ex-
tracorporeal shock wave for spasticity in poststroke patients.

Material and Methods

This meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)'® reporting guidelines for con-
ducting a meta-analysis of intervention trials. In this meta-
analysis, we unified the clinical grades using the Modified
Ashworth Scale (MAS), which was extensively used and
proved to have good validity when evaluating spastic-
ity in patients with stroke.”'® The MAS is a velocity-
independent clinical method that manually assesses the
resistance during a passive movement of a joint with
varying degrees of velocity using a 6-grade scale, ranging
from 0 (normal muscle tone) to 4 (limb rigid in flexion
or extension).”

Data Sources and Searches

We searched PubMed, Embase, Web of Science, and Co-
chrane Library databases to identify relevant studies using
ESWT to relieve spasticity in patients after a stroke. The
following search terms were used for the initial litera-
ture search: (Hypertonia or Spasticity) and (Shock Wave
or ESWT) and (Stroke). Articles were not limited to any
particular study design, but the language of the publi-
cations was restricted to English. The study selection was
then independently performed by 2 of the authors, and
any different opinions were resolved through discus-
sion. In addition, we checked the reference lists of the
articles manually to identify other potentially relevant
publications.

Study Selection

Studies were considered eligible if they met the fol-
lowing criteria: (1) the study enrolled patients with muscle
spasticity because of ischemic stroke or hemorrhagic stroke;
(2) the language of the publications was English; (3) the
results of the study were at least evaluated by the MAS,
and the baseline and post-treatment results were all pro-
vided by or could be transformed into a mean and
standard deviation. Studies were excluded if they were
animal studies or used ESWT in combination with any
other treatments such as botulinum toxin injection and
chemical nerve blocks. Articles that reported at least 1
outcome were included, and those without the outcome
measures of interest were excluded. Letters, comments,
editorials, and practice guidelines were excluded.
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Data Extraction and Quality Assessment

Two authors independently reviewed all titles and ab-
stracts of the studies identified by searches according to
the eligibility criteria described above. Full texts of ar-
ticles that met the inclusion criteria were reviewed
thoroughly. Disagreements were resolved by discussion
to reach consensus. Data on patient characteristics (age,
sex, and other baseline characteristics), intervention, and
outcomes were extracted in duplicate by 2 authors using
a standardized form.

The methodological quality of randomized control trials
(RCTs) was assessed using a modified version of the Jadad
Scale (0 [“very poor”] to 7 [“rigorous”]). The modified
Jadad Scale contained 2 questions each on randomiza-
tion and masking, and 1 question on the reporting of
dropouts and withdrawals.” The Newcastle-Ottawa Scale
was used for nonrandomized control trials (nRCTs), as-
sessing the population selection, comparability of the
exposed and unexposed, and adequacy of outcome as-
sessment (including ascertainment and attrition of
outcome).” Data extraction and quality assessment were
undertaken independently by 2 of the authors.

Data Synthesis and Analysis

MAS grades were statistically analyzed, and the Stata
12.0 (Stata Corp, College Station, TX, USA) was used for
the graphical representation of the pooled data. Statisti-
cal heterogeneity was assessed by both a Cochran’s chi-
squared test (Q test) and an I-squared test. Continuous
outcomes were expressed as the mean * standard devia-
tion, and they were summarized using the standardized
mean differences (SMDs) and 95% confidence intervals (CIs).
A fixed effects model was used when there was no sig-
nificant statistical heterogeneity (P > .1 and an I? value<50%).
Otherwise, a random effects model statistical method was
employed. And if there was still some huge statistical het-
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erogeneities, a sensitivity analysis investigating the influence
of each single study on the overall outcome estimate was
conducted by omitting 1 study at each turn. The funnel
plot, Begg’s tests,”” and Egger’s tests™ were simultane-
ously used to assess potential publication biases.

Results

A total of 63 potentially relevant articles were initially
searched from the PubMed, Embase, Web of Science, and
Cochrane Library databases, and 32 duplicates were dis-
charged by EndNote. Then 10 were excluded after scrutiny
of their titles or abstracts, leaving 21 articles to be evalu-
ated through full text scrutiny according to the selection
criteria, and then 15 were excluded. Eventually, 6 studies®
consisting of 9 groups were included in this meta-
analysis, and they were all nRCTs. Four groups conducted
their studies on the plantar flexor; 1 tested the shoulder
external rotator muscles, and the finger flexor and wrist
flexor were evaluated by 2 groups. One study® exam-
ining the plantar flexor divided the subjects into 2 groups
according to muscle echo intensity using the Heckmatt
scale.” Figure 1 shows the progress and details of our
search work. The basic characteristics of the included studies
are listed in Table 1. The methodological quality of each
component study was assessed with the Newcastle—
Ottawa Scale, which is also shown in Table 1 by transforming
the stars to scores. Sensitivity analysis was used to de-
termine whether the modification of the inclusion criteria
affected the final results. Considering the small number
of the selected studies in our meta-analysis, we used Begg’s
test and Egger’s test to evaluate the publication bias.

Immediately after ESWT

Five studies including 8 groups™?® evaluated the effect

of ESWT on the improvement of the MAS grades

Studies identified through
database searching (n=63)

_| Excluded duplicates among
the database (n=32)

b

Titles or abstracts _ Excluded irrelevant

Studies (n=10)

reviewed (n=31)

v

Figure 1. The selection process of this meta-analysis.

Full-text articles assessed
for eligibility (n=21)

Full-text articles
Excluded (n=15)

v

Studies included in
meta-analysis (n=6)




Table 1. Demographic characteristics of component studies

Modified Ashworth
Stroke Scale (mean + SD)
Author/ Number of subtype (n):
published patients Average Average ischemic/ Adverse Quality  Energy Dosage and treated Immediately 4 weeks
year (n) (F/M) age (year) onset hemorrhagic effects score  (mJ/mm?) muscles Tested muscles Baseline after ESWT  after ESWT
Kim et al 57 (24/33) 5540 24.60 22/35 Pain, 7 .630 3000 shots for Shoulder external 270£.90 - 1.40 + .60
(2013)* months petechiae subscapularis rotator muscles
Manganotti 20 (9/11) 63.00 >9.00 15/5 No adverse 6 .030 1500 shots for forearm Wrist flexor (a) 3.40£.70 2.00£.9 2.30+.70
and months effects flexor, 3200 shots for ~ Finger flexor (b) 3.20 .60 .80 £ .40 1.30+ .40
Amelio hand interosseus
(2005)* muscles (800 for each
muscle)
Dymarek 20 (7/13) 63.15 45.35 20/0 No adverse 5 .030 1500 shots for wrist Wrist flexor (a) 1.60 £.70 1.30 £ .60 -
etal months effects flexor, the flexor carpi ~ Finger flexor (b) 2.00+1.00 1.40%.80 -
(2016)* radialis, and flexor
carpi ulnaris
Moonetal 30(13/17) 52.60 80.50 days 16/14 Not 6 .089 1500 shots for Plantar flexor 2.50 £ .67 1.41 £ .67 1.75+ .62
(2013)¥ mentioned gastrocnemius
Santamato 23 (8/15) 57.60 24.90 12/11 Pain, 7 .100 1500 shots for Plantar flexor: 350+£1.00 210+1.10 -
et al months muscular gastrocnemius and the Heckmatt grades I,
(2014)% weakness soleus 11, and I1I (a)
Plantar flexor: 4.70 + .50 330+1.20 -
Heckmatt grade
1V (b)
Sohn et al 10 (4/6) 44.90 53.40 2/8 Mild pain 6 .100 1500 shots for Plantar flexor 267115 1.22+1.03 -
(2011)* months gastrocnemius

Abbreviations: ESWT, extracorporeal shock wave therapy; SD, standard deviation.
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Study %
1D SMD (95% CI) Weight
Manganotti (a) (2005) —— 1.74 (-2.47, ~1.00) 12.69
M i (b) (2005) ~4.71 (~5.93. ~3.48) 9.70
Dymarcek (a) (2016) — ~0.46 (~1.09,0.17) 13.30
Dymarck (b) (2016) e} ~0.66 (~1.30, -0.03) 13.25
Moon (2013) e ~1.63 (-2.21, -1.04) 13.53
Santamato (a) (2014) —— -1.33 (-1.97,-0.69) 13.22
Santamato (b) (2014) — =1.52 (-2.18, —-0.86) 13.12
Sohn (2011) —— -1.33 (-2.31,-0.35) 119
Overall (I-squared = 83.8%, p = 0.000) Q ~1.57 (-2.20, -0.94) 100.00
NOTE: Weights are from random effects mvﬂllysis

T T
-5.93 0 593

A
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Meta-analysis estimates, given named study is omitted

! Lower CILimit  ©Estimate ! Upper CILimit
Manganotti (a) (2005) ! P 1
Manganotti (b) (2005) | o 1
Dymarek (a) (2016) ° !
Dymarek (b) (2016) 4 |
Moon (2013) | ! q [
Santamato (a)(2014) | ! o 1
Santamato (b) (2014) ! o 1
Sohn(2011) ! o 1 :
-2.41 -2.20 -1.57 -0.94 -0.83

B

Figure 2. Forest plot of outcomes assessment (A) and sensitivity analyses plot of outcomes assessment (B) immediately after extracorporeal shock wave
therapy. Abbreviations: CI, confidence interval; SMD, standardized mean difference.

immediately after the application of ESWT. A random
effects model was used to analyze these data. The pooled
estimate of effect size showed that ESWT induced sta-
tistically significant MAS grade reduction immediately
compared with the baseline values (SMD = -1.57; 95%
CI, —2.20, —.94; z = 4.88; P <.001) (Fig 2, A). Considering
a significant level of interstudy heterogeneity among the
included trials (chi-square =43.14; df =7; P <.001; ’=83.8%),
we conducted a sensitivity analysis. When omitting the
second group provided by Manganotti and Amelio,” we
found a relatively remarkable different outcome, but this
result did not show materially a difference with that from
the original analysis (Fig 2, B). The results of Begg’s test
(P = .108) and Egger’s test (P = .055; 95% CI, -16.000,
2.149) suggested that publication bias was not evident
in the included studies.

Four Weeks after ESWT

Data on 4 weeks after ESWT were provided by 3 of
the selected papers (4 groups).***?# A fixed effects model

Study %
ID SMD (95% Cl) Weight
kim (2013) S 41.70 (-2.13,-1.27) 2838
Manganotti (a) (2005) e -1.57 (-2.28, -0.86) 2467

fanganotti (b) (2005) -3.73 (-4.77,-2.68) 20,03
Moon (2013) | —— -1.16 (-1.71, -0.61) 26.93
Overall (l-squared = 83.6%, p = o.ooe<> -1.93 (-2.71,-1.15) 100.00
NOTE: Weights are from random effects a:nalysis

-4.77 0 477

A

was used to analyze these data. There was a significant
difference in the improvement of the MAS grades between
the results of baseline and 4 weeks after ESWT
(SMD = -1.93; 95% CI, -2.71, =1.15; z = 4.83; P <.001), with
a significant level of heterogeneity among the studies (chi-
square = 18.33; df = 3; P < .01; I* = 83.6%) (Fig 3, A). The
sensitivity analysis also showed an outcome differing from
the primary result when the data from the second group,
from Manganotti and Amelio,” were neglected, but this
result did not suggest a statistical difference (Fig 3, B).
The publication bias was not found according to the results
of Begg'’s test (P =.734) or those of Egger’s test (P = .321;
95% CI, —20.983, 11.202).

Adverse Effects

Some patients in Kim et al’s study* complained of post-
treatment pain, and 1 patient had petechiae that resolved
spontaneously. Mild adverse effects were reported (in-
jection site pain for 5 patients and lower-limb muscular
weakness for 2 patients) by Santamato et al,*® which were

Meta-analysis estimates, given named study is omitted

! Lower CILimit ©Estimate ! Upper CILimit
kim (2013) ° !
Manganotti (2) (2005) ! o !
Manganotti (b) (2005) ! o [
Moon (2013)_! o ! .
-3.38 2,71 -1.93 -1.15 -0.78
B

Figure 3. Forest plot of outcomes assessment (A) and sensitivity analyses plot of outcomes assessment (B) 4 weeks after extracorporeal shock wave therapy.

Abbreviations: CI, confidence interval; SMD, standardized mean difference.
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resolved in a few days. Mild pain during treatment from
several cases was also reported by Sohn et al.” Two studies
suggested no adverse effects,”* and the rest did not
mention the adverse event.” So we regarded shock wave
therapy as a safe management for spasticity in poststroke
patients.

Discussion

As one of the major positive clinical signs after stroke,
spasticity can also cause a series of clinical problems in-
cluding increased muscle tone and excessive contraction
of antagonist muscles, and it may postpone the rehabil-
itation of relative muscles.’’* Due to the various adverse
effects of previous treatments, the extracorporeal shock
wave has been used for treating spasticity. The exact mech-
anism underlying the beneficial effect of ESWT on spasticity
has not yet been clarified. And some previous studies
hypothetically described the mechanism as the produc-
tion of nitric oxides (NOs),* the effect on spinal cord
excitability,”* and the affection on the golgi tendon organ.
According to 2 of our selected studies,”* patients with
improved MAS grades did not show a higher F-wave re-
sponses or Hmax/Mmax ratio after ESWT, which suggests
that the ESWT did not result in an improvement of alpha
motorneuron excitability. A direct effect of mechanical stim-
ulation by shock waves on the golgi tendon organ to
suppress motor nerve excitability can also be excluded.”
NO, generated by shock wave, is involved in neurotrans-
mission, memory formation, and synaptic plasticity in the
central nervous system, and it plays an important role
in the formation of neuromuscular junctions in the pe-
ripheral nervous system.* Therefore, NO was regarded
by many scholars as a mostly possible factor in reduc-
ing spasticity and improving muscle stiffness.

Previous study has reported that the effectiveness of
shock wave therapy was of dose dependence,” which is
related to the energy reaching the target area. In these
included articles, only 1 examined the high stimulation
intensity (.630 mJ/mm?) of shock wave on shoulder ex-
ternal rotator muscles,” and it only examined the
effectiveness in 4 weeks after ESWT. The rest of those
literatures all employed the low intensity
(.030-.100 mJ/mm?).>?’ Therefore, we were not able to
identify the optimum energy. The dose dependence does
not mean that the increase of treatment time and fre-
quency will lead to a better therapeutic effect. A previous
meta-analysis did report that the frequency of 3000 shots
was better than 1500 or 2000 shots, but no significant im-
provement was found with the frequency increased
further.®® Further studies with high quality were needed
to explore the appropriate stimulation of ESWT.

We aimed to conduct a meta-analysis to combine the
results of previous studies to arrive at a summary con-
clusion. The pooled data immediately after ESWT and
4 weeks after ESWT compared with baseline date all sug-

gested that ESWT had a significant effect on relieving
spasticity caused by stroke. But the differences in the
subtype of shock wave, therapeutic energy, treatment ses-
sions, and tested muscles might contributed to the varied
effects reported in selected studies, leading to a signifi-
cant level of heterogeneity among the studies.

According to the Cochrane review guidelines, the chi-
squared test and the I-square test were performed to assess
the impact of study heterogeneity on the results of the
meta-analysis. And if severe heterogeneity was pre-
sented (P >.10 and I? > 50%), the random effect model was
chosen. Moreover, sensitivity analysis was conducted by
deleting each study individually to evaluate the quality
and consistency of the results. In our study, we used a
random effects model, and the outcomes from sensitiv-
ity analysis indicated the stability of the results.
Additionally, we did not find any obvious publication
bias in our meta-analysis according to the results of Begg’s
tests or those of Egger’s tests.

Generally speaking, various limitations presented in our
review should not be ignored. First, the RCTs, which can
optimize follow-up and data quality while minimizing
the selection bias and other confounding factors, were
the best choice for a meta-analysis. But due to the limited
number of relevant research, only 6 nRCTs were in-
cluded in our study. Second, the number of the included
studies and the subjects in each of the study were not
so sufficient: the smallest study only consisted of 10 pa-
tients. Therefore, potential publication bias was likely to
exist, although no evidence was obtained from our sta-
tistical tests. Third, the language of the studies was limited
to English, which may result in potential language bias.

Despite of the shortcomings mentioned above, the results
of our study offered some useful information about the
positive efficacy of ESWT toward spasticity in poststroke
patients. This had great clinical significance, especially
for patients who could not tolerate the adverse effects
of the previous treatments. In addition, there were no severe
adverse effects associated with ESWT.

Conclusions

This meta-analysis found positive treatment effects on
poststroke patients immediately and 4 weeks after ESWT
in passive movement measured by MAS grades. More-
over, no serious adverse effects were observed in any
patients after shock wave therapy. Nevertheless, our current
study with some limitations, such as the small sample
size, only provided limited quality of evidence; confir-
mation from a further meta-analysis with large-scale, well-
designed RCTs is required.
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