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ABSTRACT ARTICLE HISTORY
Objective: To assess the effectiveness of Extracorporeal Shock Wave Therapy (ESWT) to reduce Received 18 February 2019
lower limb spasticity in adult stroke survivors. Accepted 3 August 2019

Data Sources: A systematic review of Medline/Pubmed, CENTRAL, CINAHL, PEDro database, KEYWORDS
REHABDATA, Scielo, Scopus, Web of Science, Trip Database, and Epistemonikos from 1980 to Stroke; hemiparesis;
December 2018 was carried out. hemiplegia; extracorporeal
Review Methods: The bibliography was screened to identify clinical trials (controlled and before- shock wave therapy; ESWT;
after) that used ESWT to reduce spasticity in stroke survivors. Two reviewers independently spasticity; hypertonia
screened references, selected relevant studies, extracted data, and assessed risk of bias by PEDro

scale. The primary outcome was spasticity.

Results: A total of 12 studies (278 participants) were included (5 randomized controlled trials, 1

controlled trial, and 6 before-after studies). A meta-analysis was performed by randomized con-

trolled trials. A beneficial effect on spasticity was found. The mean difference (MD) was 0.58; 95%

confidence interval (Cl) 0.30 to 0.86 and also in subgroup analysis (short, medium, and long term).

The MD for range of motion was 1.81; Cl —0.20 to 3.82 and for lower limb function the standard

mean difference (SMD) was 0.34; 95% Cl —0.09 to 0.77. Sensitivity analysis demonstrated a better

beneficial effect for myotendinous junction. MD was 1.5; 95% Cl —2.44 to 5.44 at long-term

(9 weeks).

Conclusion: The ESWT (radial/focused) would be a good non-invasive rehabilitation strategy in

chronic stroke survivors to reduce lower limb spasticity, increase ankle range of motion, and

improve lower limb function. It does not show any adverse events and it is a safe and effective

method.

Introduction functional adaptations inside the muscle cells.® Soft tissue
changes may cause the pulling forces to be transmitted
more readily to the muscle spindles, which can intensify
sensory input thus increasing spasticity.” It has a potential
impact on lower limb function,® which affects passive muscle
stretch, range of motion,” and motor unit recruitment during
voluntary contraction. In the stance phase of gait, the defor-
mity also produces an inadequate base of support, which is
associated with balance impairments. This increases the risk
of falls, reduces patient participation in daily activities, and
decreases health-related quality of life.'’

Spasticity management includes invasive and non-invasive
approaches (functional neurorehabilitation modalities).'* One
of the non-invasive treatments is extracorporeal shockwave
therapy (ESWT). It consists of an acoustic pulse, with a high
peak pressure and a short life cycle.'* There are two types of
ESWT, focused and radial. Focused can be produced by
electrohydraulic, electromagnetic, and piezoelectric shock

Stroke often affects sensory-motor networks and descending
tracts, as reflected by several signs of upper motor neuron
syndrome." One symptom is post-stroke spasticity, usually
accompanied by one or more signs such as loss of selective
motor control, weakness, and dexterity, as well as slowed
movements, lack of coordination, and spastic co-
contractions. Spasticity is due to an abnormal processing of
a normal input from muscle spindles in the spinal cord.” It is
often defined by a velocity-dependent increase in muscle tone
and a resistance to passive muscle stretch. It has neural
(increased reflex activity) and non-neural (altered visco-
elastic properties due to immobilization) components.>* The
prevalence ranges from 25% to 43% at 6 months post-stroke.’

Chronic spasticity can decrease the number of sarcomeres.
As a result, the proportion of connective tissue in the muscle
and fasciae can increase.” These subjects present fibrosis that
have augmented passive muscle stiffness due to structural and
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wave generators. Radial is produced by a pneumatic device
located inside the generator."

Basic research has demonstrated the effectiveness of ESWT
for tendon and other musculoskeletal disorders.'* It seems
that the sonic impulse of ESWT acts on muscle spasticity
differently from normal vibratory stimulation."” Sonic
impulse, in addition to the vibratory stimulus, can induce
non-enzymatic and enzymatic nitric oxide synthesis that is
involved in neuromuscular junction formation, neurotrans-
mission, synaptic plasticity,'® and its retention.'”

Recent reviews have evaluated the effectiveness of ESWT
on stroke survivors'®'®'’; however, there are methodological
deficiencies. In previous reviews,'®' effects of ESWT on
spasticity were based specifically on Modified Ashworth
Scale (MAS score). Other direct or indirect measures of
spasticity were not taken into account, such as composite
spasticity score, tibial Fy,,./Mp.x ratio, H-reflex latency, and
H-reflex recovery curve.” In addition, there is disagreement
between studies on what type and characteristics of the ESWT
are the best for spastic muscle, including energy dosage,
shock wave generating and directing methods, and use or
absence of anesthesia. Nowadays, there is insufficient evi-
dence to recommend ESWT for reducing spasticity in post-
stroke subjects. To date, except for botulin toxin on the upper
limb, there are no scientific guidelines for the application of
different therapies to improve spasticity.”' Therefore, the aim
of this systematic review is to identify studies that used ESWT
to reduce spasticity of adult stroke survivors. This review
instead focuses specifically on the lower limb in order to
identify the specific treatment parameters by means of opti-
mal ESWT (dose) to reduce the consequences of spasticity in
the clinical setting, as well as in the spasticity caused by
a stroke (not by other neurological disorders).

Methods

An evidence-based systematic literature review was con-
ducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)** and the
Cochrane Handbook for Systematic Reviews”’ guidelines. The
protocol was published on the PROSPERO International pro-
spective register of systematic reviews website (reference
number: no. CRD42018083921).

The search strategy was formulated using a PICO frame-
work. (P) Adult patients with lower limb spasticity post-
stroke, (I) receiving ESWT alone or with another physical
approach, (C) compared with subjects receiving conventional
physiotherapy, other approaches, sham approaches or none,
(O) analyzed changes in spasticity compared with non-
ESWT-treated subjects with or without follow-up. The studies
were published in academic journals, dated from
January 1980 to December 2018, treatment was applied to
humans, and English, French, Italian, Portuguese, or Spanish
languages were included. Comments, reviews, transverse stu-
dies, poster/oral communications, and practice guidelines
were rejected.

Concerning the intervention, both kinds of ESWT (radial
and focused) were included in this revision. Conventional
physiotherapy is a set of techniques that are defined and

implemented according to the practices of each rehabilitation
center. We defined it as the treatment involving any of the
following elements to reduce spasticity (stretching and range
of motion exercises, orthosis, weight bearing and balancing
exercise, gait-training exercises, walking, and functional train-
ing). The template for intervention description and the repli-
cation checklist was used for the intervention report.**

The primary outcome of this review was spasticity,
although additional measures were also taken that should be
measured before and at any time following ESWT interven-
tion. We grouped the outcome measures into three categories,
classified by the time the ESWT intervention was finished:
short-term (the same day of the last session), medium-term
(less than 4 weeks after the last session) and long-term (more
than 4 weeks after the last session).

A computerized search strategy was performed in the
following databases: Medline/Pubmed, Cochrane Central
Register of Controlled Trials, Physiotherapy Evidence
Database (PEDro), Scielo, Trip Database, Web of Science,
SCOPUS, CINHAL, Rehabdata and Epistemonikos. In addi-
tion, a manual search was performed in Google Scholar (see
Appendix).

Assessment of paper eligibility and data extraction were
independently performed by two authors (AG and RC) and
any disagreement was evaluated by a third author (JC).
Refworks Proquest discharged duplicate articles, and the
remaining studies were analyzed for its appropriateness.
Selection was based first on title or abstract, and later on
full text publications. They were thoroughly checked to con-
firm the selection criteria. The following data were extracted:
(1) general characteristics of study design, (2) patient char-
acteristics, (3) intervention features, targeted muscle, point of
application, and ESWT parameters, (4) outcome measures
and assessment. Furthermore, in studies where the informa-
tion was provided conventional physical therapy intervention
was also collected.

Risk of bias assessment of the studies was assessed by
two authors (RC and PS) using the PEDro scale.?® In case
of doubt or disagreement, a discussion was held between
three reviewers until a consensus was reached. The ultimate
score was divided into three sections®®; high quality (score
6-10), fair quality (score 4-5), and poor quality (score < 3).
Furthermore, a Funnel plot was used for assessing publica-
tion bias.

Treatment effect sizes were calculated using Revman 5.3%
software based on mean scores and standard deviations from
the randomized studies. When variables were continuous and
in the same units, a mean difference (MD) was used.
A standardized MD was used if the same construct was
measured using different instruments. A random-effects
model to conduct meta-analyses and analyzed data were
used. As studies were small in size, this mean change from
baseline was used when available to allow for a more accurate
comparison between control and intervention. The effect size
was categorized as 0.2, 0.5, 0.8, and 1.3, considered as small,
medium, large and very large, respectively.”” Heterogeneity
across studies was tested using the I, test, I, score >50%
indicated significant heterogeneity. Missing data were first
requested by contacting the corresponding author.



A sensitivity analysis was performed when it was possible.
In this manner, subgroup analyses were performed in relation
to: time of assessment (short, medium, and long term), point
of ESWT application, and number of sessions.

Results

The PRISMA diagram (see Figure 1) summarizes the results
of the scientific literature search. Finally 12 studies were
selected: 5 randomized controlled trials Tirbisch et al.,2015;
Taheri et al,2017; Wu et al.,2018; Yoon et al., 2017; Lee
et al., 2018,°*% 1 controlled trial Sawan et al., 2017, and 6
(before-after) studies Rastgoo et al., 2016, Moon et al., 2013;
Santamato et al., 2014; Kim et al., 2015; Randinmehr et al.,
2017, Sohn et al., 2011.>*7° Table 1 provides an overview of
the studies included and patient characteristics. Only two
authors responded when contacted to get additional infor-
mation (especially that necessary for the completion of the
meta-analysis).

The total population studied included 278 patients, of
which 93 individuals were female. Of those patients, 141
participants suffered an ischemic stroke and 71 hemorrhagic.
Two studies did not report this information.’”*® The mean
age of participants ranged from 44.8 to 66.9 years (10 healthy
people were excluded™), there were 118 patients with hemi-
paresis of the left side and 134 of the right. Several authors

TOPICS IN STROKE REHABILITATION @ 3

did not reported it.*>"*>*%* Only two studies®®*” reported
stroke area. According to Royal Dutch Society for Physical
Therapy clinical practice guideline,*’ patients were in chronic
phase (>6 months) in 10 studies, in subacute phase
(<3 months)* in 1 study, and in late phase (between 3 and
6 months) in another study.”®

The mean PEDro score assessing risk of bias was 4.9 points
from 10 (see Table 2), indicating a fair risk. Nevertheless,
three studies were highlighted with 8 points. Funnel plot
was symmetrical, so the risk of publication bias is low (see
Figure 2). All studies excluded patients with fixed muscle
contractures >4 MAS score,*' and included patients with
muscles spasticity >1. In relation to other criteria such as
gait ability, botulinum toxin treatment, and antispastic med-
ication there were differences between studies (see Table 3).

Relating to ESWT type, six studies used focused**>">3>3%
and five used radial®®*****”?%; and Wu® compared both. Eight
studies performed conventional physiotherapy in addition to
ESWT?*23?%%7 (see Table 4). The parameters of ESTW inter-
vention differed between studies. The frequency oscillated
between 2 and 10 Hz, being 4/5 Hz the most used. Two
studies®*” did not report it. The pressure energy levels oscillate
between 0.03 and 0.340 mJ/mm?, which corresponds to a high-
energy level according to the classification of Rompe.** The
number of shots ranged from 1.500 to 2.000, being 1500 shots
the most used.**~>"***>?%% Targeted muscle was triceps surae

Figure 1. PRISMA diagram of the process used to identify studies.
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Table 2. Risk of bias assessment of selected studies by PEDro scale (25).
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Moon Santamato

Tirbish Kim Ratsgoo Taheri Wu Yoon Radinmehr Sawan Lee

Sohn et al., et al., et al, et al, et al., et al., et al., etal, et al, et al, et al, et al,

Items 2011 2013 2014 2015 2015 2016 2017 2017 2017 2017 2017 2018
Eligibility criteria were yes yes yes yes yes yes yes yes yes yes yes yes

specified °

Random allocation no no no yes no no yes yes yes yes no yes
Concealed allocation no no no yes no no yes yes no no no yes
Baseline comparability no no no yes no no yes yes yes yes yes yes
Blind subjects no no no no no no no yes no no no yes
Blind Therapists no no no no no no no no no no no no
Blind assessors no no no yes no no no yes no yes no yes
Adequate follow-up ° yes yes yes yes yes yes yes yes yes no yes yes
Intention- to treat analysis yes yes no yes yes yes no no no no yes no
Between groups comparisons no no no yes no no yes yes yes yes yes yes
Point estimates and variability yes yes yes yes yes yes yes yes yes yes yes yes
PEDro score 3 3 3 8 3 3 6 8 5 5 5 8

2 This criterion influences external validity, but not the internal or statistical validity of the trial. This item is not used to calculate the PEDro score
b Defined an adequate follow-up as less than 15% drop-outs. The PEDro score mean is 4.9 points

. SE(SMD) :

aQy o

00 0690 1 O o

05+ 000" io § 8

o
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2 ; | | { f

-2 1 0 1 2

Figure 2. Funnel plot of all studies.

for all studies except one’! in which the semitendinosus muscle
was targeted. With reference to application point, seven studies
applied ESWT on muscle belly, three of them applied on the
myotendinous junc‘[ion,28’29’35 Yoon>! compared both, and one
applied®” on the plantar fascia. Number of ESWT sessions
oscillate between one single session or > 3sessions. Frequency
was principally 1 session/week, and duration of treatment ran-
ged from 1 to 3 weeks, with only one study that lasted 6 weeks.
The total number of sessions of ESWT was wide, ranging from 1
to 9 (see Table 5).

The primary outcome was spasticity. It was assessed clinically
and electro-physiologically. The secondary outcomes were
related to muscle architecture, range of motion, gait (ability/
speed), clonus, pain, and lower limb functionality. Considering
evaluation-time, it ranged from immediately or one hour after
last session?®2%3%36383% 14 6 months (see Table 6).

In relation to clinical assessment of spasticity, 10 studies used
MAS,” three studies used Tardieu Scale,** and others recorded
self-reported spasticity by the Visual Analogue Scale (see Table 7).
Four studies measured spasticity electrophysiological by H-reflex

latency45 and their parameters of H,,./My., ratio (0.5-1 ms).
The amplitude of the H-reflex indicates the degree of excitation
and inhibition of the spinal cord motor neurons.*® H-reflex
latency is usually decreased and H,,,, /M.y ratio is increased®’
in patients with spasticity. It was obtained by stimulating the tibial
nerve on popliteal fossa eliciting a reflex response in the triceps
surae muscle and recording the resulting reflex compound mus-
cle-action potential using an electromyography electrode (see
Table 8).

Range of motion was measured in eight studies
by a goniometer (digital or manually) although there were
differences in the measures reported in relation to: active/passive
movement, total/dorsiflexion range, and the knee position as it
influences soleus or gastrocnemius extensibility (see Table 9).
Peak torques and torque threshold angles were measured by
dynamometry in two studies.”>*® In relation to muscle archi-
tecture, such as fiber and fascicle length, perimeters, and fiber
angles, three studies®>***® assessed them mainly by ultrasono-
graphy (echography). This method uses high-frequency sound
waves to image internal body structures or objects, and currents

28-30,33-36,38
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Table 3. Inclusion criteria.

Inclusion criteria

Study Stroke phase Clinical Other criteria
RCTs

Tirbisch et al., 2015 Subacute/late Ankle plantar flexor muscles spasticity ~ >18 years

(France) (<6 months) MAS > 1+

Taheri et al., 2017
(Iran)

Wu et al., 2017
(Taiwan)

Yoon et al., 2017
(Korea)

Lee et al.,, 2018
(Korea)

Non RCTs

Sohn et al., 2011
(Korea)

Moon et al., 2013
(Korea)
Santamato et al., 2014
(Italy)

Kim et al., 2015
(Korea)

Ratsgoo et al., 2016
(Iran)

Radinmehr et al., 2017
(Iran)

Sawan et al., 2017

Chronic
(> 6 months)
Chronic
(> 6 months)
Chronic
(> 6 months)
(= 3 months)

Chronic

(> 6 months)
Subacute/late

(<6 months)

Chronic

(> 6 months)

Chronic

(> 6 months to 2 years)

Chronic
(> 6 months)
(> 1 month)

Chronic

Ankle plantar flexor muscles spasticity
MAS >1+

Ankle plantar flexor muscles spasticity
MAS >1+

Semitendinous muscle spasticity

MAS > 1+

Ankle plantar flexor muscle spasticity

MAS > 1

Ankle plantar flexor muscles spasticity
MAS >1

Ankle plantar flexor muscles spasticity
MAS >1+

Ankle plantar flexor muscles spasticity
MAS >1

Ankle plantar flexor muscles spasticity
MAS =1

Ankle plantar flexor muscles spasticity
MMAS = 1

Ankle plantar flexor muscles spasticity
MMAS =1

Ankle plantar flexor muscles spasticity

Ability to walk 10 m

>18 years

ability to walk alone, with or without an orthosis

18-80 years' old

stroke at least one month prior to the study

> 18 years

Ability to walk independently

plantar fasciitis (ultrasound plantar fascia thickness > 4 mm
from the standard point of the calcaneus rim)

> 18 years

ability to walk independently (with or without walking aids)

Ability to walk independently
taking no antispastic medication
Medically and physiologically stable

(Egypt) (> 6 months) MAS 1-2

MAS, Modified Ashworth Scale; RCTs, randomized controlled trials.

that are underwater. Other studies also measured foot contact
area”” and tension of the medialis gastrocnemius,”” evaluated by
a myotonometer™® (see Table 10).

Motor function of lower limb was measured in three
studies. Two of them”>”> were evaluated by the Fugl-Meyer
Assessment Scale (lower-limb section),”” and other one® by
the Lower Extremity Functional Scale.”® Five studies assessed
gait by different tools, two of them®*”> used 10-m walk test,”!
one” used 3-m walk test,”” one used”” the Functional Gait
Assessment,”® and another one®* by the Timed Up and Go
Test.>* Furthermore, pain and adverse effects were assessed in
three studies by the visual analogue scale® (see Table 11).
Regarding clonus, only two studies®”” assessed it (see Table
12). In addition, only two studies assessed pain***” and five
studies reported on possible adverse effects®®****>%% (see
Tables 13 and 14).

Effects of extracorporeal shock waves therapy (ESWT)

Concerning the effect on spasticity, a first forest plot compar-
ing before and after ESWT was possible for all studies, show-
ing a positive effect that favors ESWT intervention (see Figure
3). Secondly, a comparison was performed between ESWT
plus conventional physiotherapy (CP) versus CP alone by
spasticity (MAS) in four randomized studies?®?3132 (gee
Figure 4), favoring the addition of ESWT to CP to reduce
MAS score. The sham performed in two of these studies was
not taken into account since it was shown that the placebo in
ESWT does not seem to have any effect.”> The MD by short-
term assessment was 0.48; 95% confidence interval (CI) 0.10
to 0.85; by medium-term was MD 0.77, 95% CI 0.18 to 1.36

and by long term MD 0.66, 95% CI 0.06 to 1.08 to 1.26. The
total MD effect was 0.58, 95% CI 0.30 to 0.86. There were
statistically significant differences for the H-reflex latency
(immediate evaluation) by Randimehr®® and Hi., Mpax
ratio by Sawan.” There were statistically significant differ-
ences for ultrasonographic evaluation in two studies.”*>°

Regarding range of motion, five studies had significant differ-
ences favoring ESWT. Three studies”®**** were meta-analyzed
(see Figure 5) and had positive effects at short, medium and long
term. Wu™® compared radial vs focused ESWT with significant
differences favoring radial ESWT for this variable.

Three studies evaluated the lower limb function, and two of
them®*** were meta-analyzed (see Figure 6) showing a greater
beneficial effect for ESWT. Six studies evaluated gait (ability/
speed), but a meta-analysis was not possible although in five of
them ESWT had positive effects.”******” Two sensitivity analyses
were carried out for number of ESWT sessions (see Figure 7) and
application point of ESWT (see Figure 8).

Peak eccentric torque and torque threshold angle, were
analyzed by Moon™ at the velocities of 60, 180, and 240°/s,
and they were better immediately after ESWT treatment.

Discussion

The evidence base for extracorporeal shock wave therapy in
stroke survivors is continuing to grow and would be another
way to reduce spasticity. Specific aspects, however, are still
largely under-explored and little is known about the delivery
of shock wave interventions. For this reason, 7 nonrando-
mized studies were included from 12 studies that passed the
filtering criteria of this review. This gives a more global and
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Table 7. Effectiveness of extracorporeal shock wave therapy (ESWT) on clinical spasticity.

Intragroup differences from baseline Between group differences

Outcome (To) in ESWT groups (ESWT vs control)
Study measure Variables Time points for comparisons P-value P-value
RCTs
Tirbisch et al, MAS MAS soleus T, (after session 1) NS -NS
2015 score T, (end of treatment /week 3) NS
MAS gastrocnemius T, (after session 1) NS -NS
score T, (end of treatment /week 3) 0.0195
Tardieu Scale Y angle T, (after session 1) NS NS
X score T, (end of treatment /week 3) NS NS
pROM
extensibility
Taheri et al,  MAS MAS gastrocnemius T, (after session 1/week 1) 0.02 NS
2017 score T, (end of treatment/week 3) 0.02 NS
T3 (9 weeks post-treatment) NS 0.022
Wu et al., MAS MAS gastrocnemius score Ty (1-week post-treatment) 0.05% <0.001¢ -
2017 T, (4-week post-treatment) <0.001"¢
T; (8-week post-treatment) <0.001"¢
Tardieu Scale Tardieu angle T; (1-week post-treatment) 0.002"; <0.001¢ -
T, (4-weeks post-treatment) <0.001"¢
T3 (8-week post-treatment) <0.001%; 0.004°
Lee et al., MAS MAS plantarflexor score T, (30 min after single session) NS 0.04"
2018 T, (1-week post-treatment) NS 0.02"
Tz (4-week post-treatment) <0.05 0.04"
Yoon et al., MAS MAS semitendinous score T, (after session 1/week 1) <0.05¢ NS
2017 T, (after session 2/week 2) <0.05% NS
T; (end of treatment /week 3) 0.003%¢ NS
Modified Tardieu Modified Tardieu Score T, (after session 1/week 1) <0.05% NSs® NS
Scale T, (after session 2/week 2) <0.05%¢ NS
T; (end of treatment/week 3) <0.001%¢ NS
Non RCTs
Sohnetal, MAS MAS plantarflexor score T, (immediately after single <0.05 -
2011 session)
Moon et al,  MAS MAS plantarflexor score T, sham NS -
2013 T, (after session 3/week 3) 0.002
Tz (1-week post-treatment) 0.02
T4 (4-week post-treatment) NS
Santamato MAS MAS plantarflexor score T, (immediately after single <0.01 -
et al, 2014 session) <0.05*
T, (4-week post-treatment)
Ratsgoo et al, MMAS MMAS plantarflexor score T, (30 min after single session) <0.01? -
2016
VAS self-reported VAS score T; (30 min after single session) <0.001° -
spasticity
Radinmehr MMAS MMAS plantarflexor score Ty (immediately after end of 0.001%9 -
et al., 2017 treatment/week 1) 0.001%9

T, (1 h after end of

t

reatment /week 1)

* Heckmatt grades |, Il and IlI; lower but NS for grade IV;
“Between median and interquartiles range
BWith focused ESWT

‘With radial ESWT

4 ESWT muscle belly

€ ESWT muscle junction
fKnee extended

9Knee flexed

PChange score

complementary view on the studies that were meta-analyzed.
Risk of publication bias of included studies has been low, so
a priori they are representative.

A range of outcome measures and evaluation times were
used across the studies. For this reason, we decided to collect
them into three groups, short, medium, and long term.
Regarding the patient inclusion criteria, they agreed to use
the Ashworth Scale, although they did not agree on pharma-
cological treatment which might affect the results.

Most studies agreed on using 1500 shots with a frequency
between 4/5 Hz, more shots may be dangerous as post-stroke

subjects present sensory changes. One parameter that needs
to be addressed is the number of ESWT sessions required for
treatment success. As five studies used one single session and
five used three sessions or more. It seems that three sessions
(one/week) are more beneficial at long-term.

The MAS was the most used, and greater efficiency by
clinical spasticity assessment was observed, compared to elec-
tro-physiological. However, this tool has been criticized as
being subjective and it evaluates muscle tone at rest.”® In
addition, this clinical scale does not determine the cause of
the resistance felt during the stretch, that is, neural or non-
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Table 8. Effectiveness of extracorporeal shock wave therapy (ESWT) on electrophysiological parameters.

Intragroup differences

Between group

from
baseline (To) in ESWT

differences
(ESWT vs. control)

groups
P-value

P-value

Time points for comparisons

Tool Variable

Study

T, (immediately after single session) NS

F-wave min. Latency (ms)

H-reflex latency (ms)

H-M ratio

Medelec Synergy (Viasys healthcare, USA)

Sohn et al,, 2011

Tibial nerve conduction velocity

(m/s)
CMAP latency (ms)

CMAP amplitude (mV)

NS

T, (4 week post-treatment)

F-wave min. Latency (ms)

Not reported

Santamato et al.,

tibial nerve conduction velocity

2014

(m/s)
CMAP latency (ms)

CMAP amplitude (mV)

Hmax/Mmax ratio

NS

immediately after session 1/week 1)
1 h after session1/week 1)

0.005
NS

immediately after session 1/week 1)
1 h after session1/week 1)

after session 6/week 6)

0.001

Not reported

T

EMG Medelec machine (TD50 TEK Amodel, England)

Radinmehr et al.,

T

2017

T
T

H-reflex latency (ms)

Hmax/Mmax ratio of the soleus

EMG (Neuroscreen plus v. 1.59mm Erich Jseger Gmbh,

Sawan et al., 2017

Germany

CMAP, compound muscle action potential; NS, not significant; ms, milliseconds.

neural. The information obtained does not provide clinicians
with insight into the patterns of muscle activation neither
does it provide links between spasticity and voluntary
movement.”” Few studies used other tools such as electro-
physiological ones. These are more objective than the clinical
assessment, although they require more time and are costlier.

To date there is not enough evidence on ESWT decreasing
the excitability of alpha motor neuron, according to
Manganotti.”® The H-reflex latency decreased transiently at
finish of ESWT by Randimehr’® and Hp,u/Mnax ratio were
improved at the end of treatment by Sawan®® but these
studies did not perform a follow-up. It agreed with the results
observed by Kenmoku®®® in an animal model.

The results of this review support the hypothesis that
ESWT affects rheological properties of the spastic muscle. It
seems that ESWT acts more in intrinsic hypertonia or spas-
ticity (extracellular-matrix and muscle fibrosis) than a neural
level. These findings are consistent with the conclusions
reached by Marinelli® with multiple sclerosis patients.
Studies have shown separation of fixed actin-myosin links
by the input of mechanical energy (spalling) as long as the
force is perpendicular to the muscle fiber direction.®”

Most of the studies performed conventional physiotherapy
in addition to ESWT, according by Alwardat.*® The ESWT can
be a beneficial option for spasticity as adjutant therapy to other
interventions such as motor intervention (stimulating antago-
nist muscles), task related training, and muscles stretching
exercises. This is consistent with two study’s findings,*>** that
assessed hamstrings shortened in healthy people. They showed
that the ESWT performed besides stretching have a significant
improvement in flexibility, compared with only stretching, at
finish of intervention and a follow up (4 weeks). The results also
suggested that the mechanism of ESWT on muscle relaxation
might be different from tissue regeneration effect wherein
a certain amount of time is required.

A spasticity reduction at short term and maintained at
medium and long term was observed in this review. This
differs with the results found by Xiang'® and by Guo.'
They did not find statistically significant difference by the
MAS in 4 weeks. It could be because they included upper and
lower limb in the same meta-analysis.

It showed beneficial effects by ankle range of motion at long
term, which strengthens our hypothesis. Nevertheless, that few
beneficial effects were found by gait. Perhaps the assessment
should be made long term (>9 weeks), so the subjects need
more time for a new change. Gait speed is a complex functional
activity and a multi-modal product of many processes. Ankle
spasticity (equinovarus foot) restricts articular range of the ankle
and the foot positioning in plantar flexion, which limits dorsi-
flexion. Besides, recent studies have reported that triceps surae
is not responsible for the generation of propulsive force. It only
supports the body during walking and prevents falls.%> It seems
logical that triceps surae was the most treated muscle by studies.
Therefore, we are surprised that no study assessed balance as
ankle strategy could improve if spasticity was reduced.®®

ESWT can improve the stiffness of connective tissue by
directly acting on rheological properties of spastic muscle,
improving myofascial viscoelasticity. According to Fischer,”’
ESWT application, reduced the dense fibrous generation and



TOPICS IN STROKE REHABILITATION 13

Al 9peib neunpay

11l “II') sopeib neunpay |

LMS3 [elpes Ylim,

1MS3 pasndo) UiiMg

paxaly aauy,

papualxa aauy,

91e1IRAOD S S9N|eA Buljaseq bulj|o11uod Jae YAODNY Aq 7L YoM,

9]e1IBAOD SB SanjeA dulfaseq Bul||ouod Jaye YAONY JO siuswainsedw pareadas Aq sdnoib usamiaq puaif,

'YAONY JO sluswainseaw pajeadas Aq sdnoib uiyum pusij,

“Juediyiubis Jou ‘SN ‘uonow uoIXafyisiop Ipjue dAlssed ‘|N{Qyd ‘UOOW UOIXIHSIOP IPjuUe dAIE ‘N{JYe ‘(UoiXajelue|d wnwiXew O] UOIXISIOP WNWIXeW Wolj) Judwarow Jo abues aaissed ‘Woyd

(1919Wo0X34

900°0 pauodas JoN (9 Y99am/uawieasy jo pus) L PapuIIXd ddUY (,ywiqye 09¢€ YS [9pOoW) Ja1owoluob [eubiqg £10T “/p 19 uemes
SN Y
- “mo.ho ,€0°0 (uoissas 3|buls Jaye Ajdrelpawwi) L) PaX3}4/paPUaIXd dUY (o) Woye
y2100°0> yuna (¥TSL 13pow ‘a1e) yyjesy
- 12100705 (uoissas 3|buls Jaye Ajdrelpawwi) L) PaX3}4/papuaIXa Uy (,) woyd 19ss1g) Ja13woluob aue|diq apuy £10T “Ip 12 Jyawuipey
- L00°0 (uoissas 3jbuis Jaye uiw of) L papuslIXd Uy (o) WOYd J313woluob [enuepy 910z “/p 12 oobsiey
+SN _mo 0> (3uswiean-1sod syaam §) ¢
- 450°0> ,50°0> (uoissas 3|buls 1aye AjP1eipawiwi) L) SEXCITIEETNY ()w4avyd J1319WoO1U0D ¥10Z “/p 12 Olewelues
(3uswiean-1sod syaam ¥) )
(uswiean-ysod yaom |) €]
(€ Y99aM/3udWeaI} JO pUd) N 1
- SN weys '] payodal JoN () Woyd J912Woluon €10 “Ib 12 UOOW
S1JY UoN
(€ 39aMm/ JUdWILIN} JO pUd) ¢
SN SN (1 uolssas Jaye) | pauodai 10N (o) WOYd Js1ewioluo SLOC b 32 Ydsiquil
(3uswieany-ysod syaam ) €1
(3uswieasy1sod yaam |) ¢
SN SN (uoissas 3|buls Jaye ulw og) L paxay} aauy (o) WOYd J1319WO0IU0D 810T “Ip 12 99
4100°0> ‘510°0 (3uswieas-1sod syaam @) €1
45100°0> (3uswieas-1sod syPam ¥) ¢
- y5100°0> (3uawieassod yaam ) L] PapuIIXd JdUY (,) woyd J1919wWwoluob pjay-puey £10T “Ip 312 N\
,L000°0 (3uswieasi-1sod syaam 6) €1
q920°0 «L000°0 (€ yoam/1uswiean Jo pus) 7|
SN 100 (1L 99Mm/| uoIssas Jaye) L] pauodai 10N (,) woyd J1319WoO1U0D /10T “/p 19 Uaye]
S104
anjen-d anjeA-d suosiiedwod 104 syujod awi| uonisod asuy d|qeuep ool Apnig
(1o3u0d SA | MS3) sdnoib |Ms3 ut (01) duljaseq
SDUIIYIP wouy sdUIIPIP dnoibeiu

dnoib usamiag

‘uonjow 3pjue Jo abues uo (JMS3) Adeiayl saem 3d0ys [ea10dI0dRIIXD JO SSIUIAIIRYT ‘6 2Bl



(5/,077) AMdOJIA 158y 1y,
“(5/,081) £11D0]9A d1RI9pOW 1Y,
"(5/509) Ad0[aA MoOjs 1y,

"LMS3 [elpes Yyim,

"LMS3 pasnd0) YuMg

"paxaly dauy,

‘PIpURIXD ddUY|,

9|bue uoneuuad,

“SSUXDIYL 3PSNA,

“yibua| apdse) APSNN

“y1bus| uopual s3||IYIY,
‘sabue pjoysaiyl anbiol ‘sy] | ‘anbioy soxauelueld anaissed ‘] 4dd ‘@nbioy ouad yead ‘|34 ‘Bjbue uoneuuad ‘v ‘ssauydIyl SpPsSNW ‘I ‘Yibua| 9p1dsey spPsnw “J4 ‘Yibus| uopusl SafIydy 1LY

vd
p100°0> £,200°0 .+00°0 S0'0> (3uswieasiisod yoam-p) €| 1w
prqel 0005 500> (wuauneas-isod yoam-1) 7| T4W
4700°0 uvaapoo.ow S0'0> (uoissas a|buls Jaye ulw g) L 1LY juswalnseaw diydesbouosen|n 810T “Ib 12 997
(uoissas 3jbuis Jaye y 1) ¢4
500> (uolssas
- 1250°0> 3|burs saye Ajeipaww) || (s 1) Awoopan ybiy e (WN) 14dd

(uolssas ajbuls Jaye y ) 2|
(uolssas
9|buls Jaye Ajpyeipaww) ||

(58T 19pow ‘|ed1papy £10¢

,500< £,100°05
520D YMON) J33WOWRUAp pjay-puey  “/p Ja Jyswuipey

- ,50'0< 1510005 Awdojan (s €) mojs 1e (WN) L4dd

-VALDES ET AL.

14 R. CABANAS

45100°0> (1uswiean-1sod yoam-g) €]
y56100°0> (Juswiean-isod yeam-y) &)
- 45100°0> (3uswiean-ysod yaem-|) L) (zwd) ealte 1oejuod Jejueld djweukp uespy (VSN ‘uoisog) wiojpeld uedsya| £10Z “Ip 12 N\
(ww) yibua| apd1dsey
(wiw) ssauydIY1 dPsSnW (e210Yy YInos “0) UoSIpI
SN SN (uoissas a|buls 1aye uiw g) | (o) 9]Pue UONEUUI( ‘gX UOSIPay) 3dIAdp dlydesbouosen|n
€00 (uoissas 3|buls Jaye uiw og) ¢
SN SN (uoissas ajbuis Jaye Aj9relpawwi) L] (wiw) dUIRHWNID b3 adey >R  910T “/p 19 oobsiey
100°0> (3uswyean-1sod syyuow 9) €) (wiw) (ay
- 100°0> (Juswiean-isod syaam 9) ¢ sniwaud041seb [eipaw ap Jo (Juawade|dsip) uoisua| salbojouyda] d1usaboina) J913WOUOIOAN S10T “/p 12wy
SN (3uswiiean-1sod syaam ¥) v
SN (Jusawieasn-isod yaam |) €]
ywsS0°0> (€ Xo9m/€ uoIssas Jaye) |
- SN weys | S/,0¥C pue 081 ‘09 1e syl
SN (3uswiiean-1sod syaam ¥) v
ywS§0°0> ‘SN (Jusawieasn-isod yaam |) €]
ywsS0°0> (€ Xo9Mm/€ uoIssas Jaye) | (VSN ‘wa1isAs [ea1pay xapolg)
- SN weys | $/00¥C Pue 081 ‘09 1€ (WN) 13d  WalsAs X9pOIgIa}aWOWRUAD JIBUNOS| €107 “/0 J2 UOOW
anjen-d anjea-d suosiiedwod Joy syujod awi| 3|geuen 00| Apnis
(Jo13u0d SA 1MMST) sdnoib [ \ST Ul (°1) dulRseq
SDUIIYIP wouy

dnoib usamiag saduIp dnoibenu)

*2INP31YDIR dPPSNW pue sidjpweled [edjueydawolq uo (1MSs3) Adeiays aaem d0ys [ea10di0deiIXa JO SSBURAIIBYT ‘0L 3|gel



TOPICS IN STROKE REHABILITATION 15

Table 11. Effectiveness of ESWT on lower limb functionality and gait.

Intragroup differences from

Between group

baseline (To) in ESWT groups(ESWT vs. control) differences

Study Tool Variable Time points for comparisons P-value P-value
Moon et al., 2013 FMA scale FMA lower limb T, sham NS -
T, (end of treatment/week 3)
T5 (1 week post-treatment)
T4 (4 weeks post-treatment)
Kim et al., 2015 FGA test FGA score T, (6 weeks post-treatment) <0.001<0.001 -
T3 (6 months post-treatment)
Ratsgoo et al., 2016 TUG test TUG score (s) T, (30 min after single session) <0.001 -
Taheri et al.,, 2017 3-m walk test  3-m walk duration (s) T, (after session 1/week 1) NS0.003° NS°0.033¢
LEFS LEFS score T, (end of treatment/week 3) 0.003? 0.004 ©
T3 (9 weeks post-treatment)
Wu et al., 2017 10-m walk test Gait speed (m/s) T3 (8 weeks post-treatment) NS -
Radinmehr et al.,, 2017 TUG test TUG score (seconds) T, (immediately after single session) <0.05<0.05 -
T, (1 h after single session)
Sawan et al., 2017 10-m walk test 10-m walk time (sec) after session 6/week 6) Not reported 0.009
Lee et al., 2018 FMA scale FMA lower limb <0.05<0.05 NS

Ty (
T, (1-week post-treatment)
T, (4-week post-treatment)

FMA, Fugl-Myer Assessment; FGA, functional gait assessment; TUG, Timed Up and Go Test; LEFS, lower extremity functional score.

*Trend within groups by repeated measurements of ANOVA.

PTrend between groups by repeated measurements of ANOVA after controlling baseline values as covariate.
“‘Week 12 by ANCOVA after controlling baseline values as covariate.

Table 12. Effectiveness of ESWT on clonus.

Intragroup differences from

baseline (To) in ESWT groups

Between group differences
(ESWT vs. control)

Study Tool Variable Time points for comparisons P-value P-value
Moon et al., Clonus scale Clonus score T, sham NS -
2013 T, (after session 3/week 3)
Ts (1 week post-treatment)
T4 (4 weeks post-treatment)
Taheri et al., Clonus scale Clonus score T, (after session 1/week 1) NS NS
2017 T, (after session 3/week 3) NS? NSP
T3 (9 weeks post-treatment) NS¢

*Trend within groups by repeated measurements of ANOVA.

PTrend between groups by repeated measurements of ANOVA after controlling baseline values as covariate.
“‘Week 12 by ANCOVA after controlling baseline values as covariate.

Table 13. Effectiveness of ESWT on pain.

Intragroup differences from
baseline (To) in ESWT groups

Between group differences
(ESWT vs. control)

Study Tool Variable Time points for comparisons P-value P-value

Kim et al., 2015 VAS VAS score T, (6 week post-treatment) <0.001 -
T5(6 months post-treatment) <0.001

Taheri et al., 2017 VAS VAS score T, (after session 1/week 1) 0.01 NS
T, (end of treatment/week 3) 0.0001? 0.007°
T3 (9 weeks post-treatment) 0.009°¢

Trend within groups by repeated measurements of ANOVA.
PTrend between groups by repeated measurements of ANOVA after controlling baseline values as covariate.
“‘Week 12 by ANCOVA after controlling baseline values as covariate.

Table 14. Adverse effects.
Study Adverse effects

Sohn et al., 2011 Mild pain (VAS 3.23 + 1.28)

No other side effects

Not reported

Mild adverse effects were reported (injection site pain for five patients, lower limb muscular weakness for two patients) but were
resolved in a few days

Not reported

Mild pain for three out of four patients during the first two sessions (2.667 + 0.577 in the first and 1.333 £+ 0.577 in the second). There
were no other side effects. Indeed, there was no hematoma or recrudescence of pain between shock wave sessions.

Not reported

Not reported

No adverse events, such as skin petechiae, muscle hematoma, and focal edema were reported during the study period.

Not reported

Patients reported no discomfort during the treatment, and none reported any adverse responses

Not reported

Not reported

Moon et al., 2013
Santamato et al., 2014

Kim et al., 2015
Tirbisch et al., 2015

Ratsgoo et al., 2016
Taheri et al., 2017

Wu et al., 2017

Yoon et al., 2017
Radinmehr et al., 2017
Sawan et al., 2017
Lee et al., 2018
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Std. Mean Difference
IV, Random, 95% ClI

Std. Mean Difference
IV, Random, 95% CI

Before ESWT After ESWT
Study or Subgroup Mean SD Total Mean SD Total Weight
3.5.1 short-term
Lee etal. {2018) 222 1.09 9 189 078 9 37%
Moon et al. {2013) 25 067 30 1.41 067 30 B1%
Radinmher etal. (2017) 045 0.25 12 041 025 12 44%
Ratsgoo et al. (2016) 552 1.66 17 453 0.73 17 52%
Santamato et al. (2014) 3.5 1 23 21 11 23 56%
Sawan etal. (2017) 293 064 20 1.79 04 20 46%
Sohn etal. {2011) 267 1.15 10 1.22 1.03 10  3.4%
Taheri etal. (2017) 26 05 13 18 05 13 3.9%
Tirbish et al. {2015a) 287 1.03 4 15 1.29 4 1.7%
Tirbish et al. {2015h) 3 08 4 137 047 4 11%
Yoon etal. {2017a) 292 1 13 238 0.76 13 45%
Yoon etal. {2017h) 285 055 13 231 0863 13 44%
Subtotal (95% CI) 168 168 48.6%
Heterogeneity: Tau*=0.18; Chi*= 2228, df=11 (P=0.02); F=51%
Test for overall effect Z=6.12 (P = 0.00001)
3.5.2 medium-term
Lee etal. {2018) 222 1.09 9 167 07 9 36%
Moon et al. (2013) 245 067 30 1.67 065 30 6.4%
Santamato et al. (2014) 35 1 23 26 1.2 23 6.0%
Wu etal (2017a) 3 07 15 25 0.7 16 5.0%
Wu etal (2017h) 31 07 15 23 05 16 4.6%
Subtotal (95% CI) 92 94 25.5%
Heterogeneity: Tau*= 0.00; Chi*= 3.07, df=4 (P=0.55), F= 0%
Test for overall effect. Z=6.18 (P <= 0.00001)
3.5.3 long-term
Kim et al. (2015) 41 013 10 389 013 10  3.2%
Lee etal. (2018) 222 1.09 9 156 052 9 35%
Moon et al. {2013) 25 067 30 1.75 0.2 30 B.4%
Taheri etal. (2017) 2.6 5 13 1.5 0.75 13 46%
Wu etal. (2017a) 3 07 15 19 05 15  41%
Wu etal (2017h) 31 07 16 1.8 05 16 4.0%
Subtotal (95% CI) 93 93 25.9%
Heterogeneity: Tau®= 0.24; Chi*=12.07, df=5 (P=0.03), F= 59%
Test for overall effect: Z= 4.68 (P = 0.00001)
Total (95% CI) 353 355 100.0%

Heterogeneity: Tau®=0.12; Chi*= 38.56, df= 22 (P=0.02); F= 43%
Test for overall effect: Z= 9.68 (P = 0.00001)
Test for subaroup differences: Chi*=0.85, df= 2 (P = 0.65), F=0%

0.33 [-0.60, 1.26]
1.61 [1.02, 2.19]
0.15 [-0.65, 0.96]
0.75 [0.06, 1.45]
1.31 [0.67, 1.95]
2.09[1.31, 2.88]
1.27 [0.29, 2.25)
1.55 [0.56, 2.44]
1.02 [-0.53, 2.57]
214012, 4.16]
0.59 [-0.20, 1.38] -
0.88 [0.07, 1.70]

1.10 [0.75, 1.45]

A 4

0.57 [-0.38, 1.52]
1.24 [0.58, 1.80]
0.80 [0.20, 1.40]

0.70 [-0.03, 1.42]
1.29[0.50, 2.07]
0.97 [0.66, 1.27]

1.55[0.52, 2.57]
0.74 [-0.23,1.70] —
1.15 [0.60, 1.70]
0.30 [-0.48, 1.07]
1.76 [0.90, 2.62]
2.08 [1.20, 2.96]
1.24[0.72, 1.76]

*

2 R 0 1
Before ESWT After ESWT

1.09 [0.87,1.32]

o+

Figure 3. Forest plot of the standard mean difference and 95% confidence interval (95% Cl) for spasticity of before and after extracorporeal shock wave treatment
(ESWT). Wu et al., (2017a): focused ESWT; Wu et al., (2017b): radial ESWT; Yoon et al., (2017a): belly application, Yoon et al., (2017b): junction application, Tirbish et
al., (2015a): soleus muscle assessment, Tirbish et al., (2015b): gastrocnemious muscle assessment.

could degrade the fibrous envelope. ESWT could reduce
capsule formation and may induce fibrotic tissue restoration
or reabsorption. Moreover, ESWT increases the blood supply
to the tissue and modulates the growth factors activation. It
can also induce non-enzymatic and enzymatic nitric oxide
synthesis.®®

Morphological assessment of neuromuscular junction by
electron microscopy showed that ESWT destroyed end plates
in neuromuscular junction. Although all end plates remained
in contact with axon terminals, end plates of ESWT exposed
muscles were significantly thinner, and the interval between
junction folds was increased.®

No studies found serious complications after the treatment as
a previous study had reported.”” Three studies reported mild
adverse effects during application of ESWT such as mild pain
and lower limb muscular being these symptoms solved in few
days.

There are some limitations to this review, which will affect
the generalizability of the results. The first limitation is that
the small sample size of participants in the included studies

may have affected the validity of the results in meta-analysis,
as it was shown that the small studies inclusion might lead to
Type-I error.”’ Furthermore, there are five of the included
studies with a risk of bias (PEDro score < 3 points). This
result should be interpreted with caution because only four
studies were of ‘high’ quality and it is possible that both ‘fair’
and ‘poor’ quality studies exaggerate the real size of the
treatment effect. Concerning the recommendations per-
formed by Consensus-Based Core Recommendations from
the Stroke Recovery and Rehabilitation Roundtable,”® most
of studies did not adequately provide complete information.
Finally, a great diversity or variability was found in the para-
meters related to the intervention (s), as well as in those
related to the evaluation procedures. In the present review,
a certain grouping was opted, although other types of classi-
fications or groupings could have been carried out.

Further research from well-designed and high-quality
studies with a large number of participants is required to
standardize the treatment parameters and demonstrate the
optimal ESWT approach for health-care decision-making.
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CcP ESWT plus CP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 short-term
Lee etal. (2018) 011 035 9 -0.33 0535 9 450% 0.44[0.02, 0.86] i
Taheri etal. (2017) -04 1.8 12 -08 327 13 1.9% 0.40 [-1.65, 2.45] —
Tithish etal. (2015a)  -0.38 1.63 4 137 27 4 0.8% 0.99[-2.10, 4.08]
Tithish etal. (2015h)  -0.25 0.41 4 -1863 26 4 1.2% 1.38 [-1.20, 3.96]
Yoon et al. (2017a) o 09 18 -0.54 29 13 3.0% 0.54 [1.08,2.17] —
Yoon et al. {2017h) 0 05 18 -0.54 25 13 41% 0.54 [-0.84,1.92] I
Subtotal (95% CI) 65 56 56.0% 0.48 [0.10, 0.85] L 3
Heterogeneity: Tau®= 0.00; Chi*= 0.63, df=5{P=0.99), F=0%
Test for averall effect: Z=2.51 (P =0.01)
1.2.2 medium-term
Lee etal. (2018) 022 0.46 9 -055 078 9 224% 0.77[0.18, 1.36] —
Subtotal (95% CI) 9 9 22.4% 0.77 [0.18, 1.36] -
Heterogeneity: Mot applicable
Test for averall effect: Z= 2.55 (P =0.01)
1.2.3 long-term
Lee etal. (2018) 0 0453 9 -066 077 9 211% 0.66 [0.05,1.27] el
Taherietal. {2017) -0.4 2 12 <141 6.7 13 05% 0.70[-3.11, 4.51]
Subtotal (95% CI) 21 22 21.6%  0.66[0.06,1.26] S
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P =0.98);, F= 0%
Test for averall effect Z= 216 (P =0.03)
Total (95% CI) 95 87 100.0% 0.58 [0.30, 0.86] L 2
Heterogeneity: Tau®= 0.00; Chi*=1.37, df= 8 (P = 0.99); F= 0% 54 52 5 é i

Test for averall effect: Z=4.08 (P < 0.0001)
Testfor subgroup differences: Chi*=0.74, df= 2 (P = 0.69), F=0%

Favours CP Favours ESWT plus CP

Figure 4. Forest plot of spasticity by modified Ashworth Scale. Comparison between extracorporeal shock waves therapy (ESWT) plus conventional therapy (CP) vs
CP. Yoon et al. (2017a): belly application ESWT, Yoon et al. (2017b): junction application ESWT, Tirbish et al. (2015a): soleus muscle assessment, Tirbish et al. (2015b):

gastrocnemious muscle assessment.

Conclusions

Extracorporeal shock wave therapy added to conventional
physiotherapy reduces clinically spasticity. It increases
range of motion and lower limb function on lower limb
in chronic stroke survivors at short and long term. ESWT
is a modern, non-invasive therapeutic tool, which could
be considered effective and safe. To ensure efficacy, the
use of ESWT requires accurate identification of the area
to be treated wusing wultrasound or radiographic
guidance.”’ This allows the most favorable therapeutic
effect and avoids damage to the surrounding tissue."
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Figure 5. Forest plot of range of motion of extracorporeal shock waves therapy (ESWT) plus conventional therapy (CP) vs CP and comparison between radial ESWT

versus focused ESWT.
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Figure 6. Forest plot of lower limb motor function. Comparison between extracorporeal shock waves therapy (ESWT) plus conventional therapy (CP) vs CP.
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7. Forest plot of application point. Sensitive analysis of comparison between extracorporeal shock waves therapy (ESWT) plus conventional therapy (CP) vs CP.
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Figure 8. Forest plot of number of sessions. Sensitive analysis of comparison between extracorporeal shock waves therapy (ESWT) plus conventional therapy (CP) vs

CP.
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Appendix

Search strategy Pubmed/Medline

#6 Search (shockwave OR shock waves therapy OR “extracor-
poreal shock waves” OR ESWT OR “Shockwave Therapies”) AND
(stroke*[tiab] OR poststroke*[tiab] OR hemiparesis OR hemiplegia
OR apoplex*[tiab] OR cerebrovascular disorders [Mesh] OR infarc-
tion OR “brain vascular accidents”) AND ((spasticity [tiab] OR
muscle hypertonia [tiab] OR “muscular hypertonicity” OR “hyper-
tonia muscle” OR “tone increased) 30

#5 Add Search (shockwave OR shock waves therapy OR “extracor-
poreal shock waves” OR ESWT OR “Shockwave Therapies”) AND
stroke*[tiab] OR poststroke*[tiab] OR hemiparesis OR hemiplegia OR
apoplex*[tiab] OR cerebrovascular disorders [Mesh] OR infarction OR
“brain vascular accidents”) AND (spasticity [tiab] OR muscle hypertonia
[tiab] OR “muscular hypertonicity” OR “hypertonia muscle” OR “tone
increased” OR exaggerated)

#4 Add Search (stroke*[tiab] OR poststroke*[tiab] OR hemipar-
esis OR hemiplegia OR apoplex*[tiab] OR cerebrovascular disorders
[Mesh] OR infarction OR “brain vascular accidents”))) AND ((spas-
ticity [tiab] OR muscle hypertonia [tiab] OR “muscular hypertoni-
city” OR “hypertonia muscle” OR “tone increased OR exaggerated)
22563

#3 Add Search ((shockwave OR shock waves therapy OR “extra-
corporeal shock waves” OR ESWT OR “Shockwave Therapies”)
5187

#1 Add Search (spasticity [tiab] OR muscle hypertonia [tiab] OR
“muscular hypertonicity” OR “hypertonia muscle” OR “tone
increased OR exaggerated) 532477

#1 Add Search (stroke*[tiab] OR poststroke*[tiab] OR hemipar-
esis OR hemiplegia OR apoplex*[tiab] OR cerebrovascular disorders
[Mesh] OR infarction OR “brain vascular accidents”) 693911
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