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Abstract

This literature review investigates the therapeutic potential of radial extracorporeal shockwave therapy
(rESWT) for managing spasticity in children with cerebral palsy (CP), with a focus on its clinical efficacy,
safety profile, and implications for functional rehabilitation. Synthesizing findings from six randomized
controlled trials, the review reveals that ESWT consistently produces statistically significant reductions in
spasticity, as measured by the Modified Ashworth Scale (MAS), along with notable improvements in gross
motor function, joint range of motion, gait symmetry, plantar contact area, and manual dexterity. These
benefits were maintained for varying durations, with some studies demonstrating sustained effects for up to
12 weeks post-treatment. Importantly, rTESWT was well-tolerated, with no serious adverse events reported
across all included studies, highlighting its safety and feasibility in pediatric populations.

Despite the consistent reporting of positive outcomes, considerable heterogeneity exists in treatment
protocols, target muscle groups, outcome measurement timing, and reporting of participant characteristics,
which complicates direct comparisons and limits the generalizability of findings. The review also
emphasizes the need for incorporating multidimensional outcome domains, including those related to
posture, balance, and gross motor performance, in future studies to better reflect real-world functional
gains. Although promising, the current evidence base remains constrained by methodological
inconsistencies and limited use of objective assessment tools. To optimize clinical application, future
research should aim to standardize rESWT protocols, extend follow-up periods, and incorporate validated
biomechanical and functional performance assessments. Collectively, these findings support rESWT as a
non-invasive, clinically effective, and safe adjunct to conventional therapies in pediatric
neurorehabilitation, with the potential to enhance both motor and functional outcomes in children with CP.

Categories: Pediatrics, Physical Medicine & Rehabilitation, Therapeutics
Keywords: cerebral palsy (cp), follow-up visit, functional outcomes, modified ashworth scale, muscle spasticity,
parameters, radial extracorporeal shockwave therapy, range of motion (rom)

Introduction And Background

Cerebral palsy (CP) is recognized as a non-progressive neurological disorder stemming from damage to the
immature brain, frequently resulting in a spectrum of motor disabilities [1,2]. Among the various motor
impairments associated with CP, spasticity stands out as a primary concern for a significant majority of
affected individuals [2,3]. This condition, affecting approximately 80% of children diagnosed with CP, is
characterized by a velocity-dependent increase in muscle tone, exaggerated tendon reflexes, and an overall
hyperexcitability of the stretch reflex [4,5]. Spasticity in children with CP can result in a series of difficulties,
including persistent pain, impaired motor function, limited range of motion, and reduced ability to
participate in daily activities, ultimately affecting their overall quality of life [6,7]. The widespread
occurrence and debilitating effects of spasticity pose a considerable problem in clinical practice,
underscoring the crucial necessity for ongoing research into effective treatment options in rehabilitation.

Extracorporeal Shockwave Therapy (ESWT) has emerged as a promising non-invasive intervention for
spasticity in CP, requiring rigorous research to refine and enhance management protocols [8-10]. ESWT
involves the delivery of high-amplitude, short-duration mechanical energy pulses, or shock waves, which are
externally generated and directed toward target tissues to exert therapeutic effects [11]. A non-invasive,
non-pharmacological, and generally low-risk intervention, ESWT is being increasingly investigated for its
potential to alleviate spasticity in individuals with CP [12,13]. ESWT is delivered using two main techniques:
radial shockwave therapy (rESWT) and focal shockwave therapy (f-ESWT), which differ in their generating
mechanisms, physical properties, and tissue penetration levels [14-15]. Specifically, radial ESWT (tESWT) is
commonly preferred in the management of muscle spasticity, owing to its predominantly superficial effect
on soft tissues [16-18].
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ESWT involves the transmission of high-energy acoustic pulses that rapidly increase in pressure and are
followed by a brief phase of negative pressure or tensile force [19,20]. This biphasic waveform can exert
therapeutic influence on both surface-level and deeper tissues, depending on the delivery method

applied [21]. Focused ESWT generates sharply concentrated waves capable of reaching tissue depths up to 12
cm, making it suitable for treating large or deep muscle structures [22]. Conversely, radial ESWT produces
waves that rise more gradually and disperse over a broader area, typically affecting tissues within a 3 to 4 cm
depth [23].

While the definitive pathways through which ESWT exerts its effects on reducing muscle spasticity remain
to be clarified, a number of physiological models have been proposed to explain its potential therapeutic
action [24]. The suggested mechanisms include alterations in muscle mechanical properties, an increase in
local nitric oxide production, vibratory effects on tendons that modulate neuromuscular control, a reduction
in alpha motor neuron excitability, and transient modifications in peripheral nerve conduction [25-29].
Spasticity in CP is caused by non-progressive damage to the developing brain, typically involving the motor
cortex, which results in lesions to the upper motor neurons [30]. This damage creates an imbalance in the
excitatory and inhibitory signals of the central nervous system, leading to increased reflex activity and
excessive muscle contraction [31]. A primary molecular factor in this process is the downregulation of
potassium-chloride cotransporter 2 (KCC2), which disrupts chloride homeostasis and interferes with
inhibitory neurotransmission in motor neurons. [32-34]. In clinical practice, spasticity is characterized by
heightened resistance to passive movement, involuntary muscle spasms, contractures, and skeletal
deformities, which collectively hinder mobility, restrict daily functioning, and negatively affect quality of
life. [35,36].

Common approaches to managing spasticity include physical therapy, stretching, orthoses, pharmacological
treatments, Botulinum toxin type A injections, and orthopedic or neurosurgical procedures [37-41].
However, these methods are often constrained by adverse effects, invasiveness, or high costs. In contrast,
ESWT offers a more adaptable and minimally invasive alternative. Standardizing ESWT treatment protocols
is critical for validating its role as an evidence-based intervention for spasticity in CP.

This literature review provides a comprehensive synthesis of randomized controlled trials on ESWT for
spasticity management in children with CP. It focuses on identifying optimal protocol parameters such as
energy flux density (EFD), frequency, duration, and total number of shocks, and evaluating the most
appropriate timing for outcome measurements to achieve sustained reductions in spasticity. The central
research question is: What is the optimal protocol of ESWT (in terms of frequency and total number of
shocks) and the most appropriate timing for outcome measurements to achieve sustained reduction in
spasticity in children with CP? By comparing outcomes across studies, the review aims to identify treatment
trends, examine the impact of outcome timing on effectiveness, and assess functional improvements such as
gait.

Due to the widespread impact of spasticity on children with CP, optimizing ESWT protocols is crucial. As a
non-invasive, drug-free option, ESWT offers distinct benefits over traditional treatments. Fine-tuning
treatment parameters and timing is essential for maximizing its efficacy and ensuring consistent outcomes
across clinical settings.

Materials and methods

Search Strategy

A comprehensive literature search was conducted to identify studies examining the effects of ESWT on
spasticity in children with CP. Three electronic databases were searched: PubMed Central, the Cochrane
Library, and the Physiotherapy Evidence Database (PEDro). The search was limited to articles published in
English from inception through April 2025. Table I provides a summary of the database search results.
Filters were applied to restrict results to human studies and clinical trials. This strategy aimed to capture a
broad range of randomized controlled trials evaluating the effects of ESWT on spasticity in pediatric
populations.
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Number
Database of Search Strings
Studies
("Cerebral Palsy"[MeSH Terms] OR "Cerebral Palsy") AND ("Extracorporeal Shock Wave Therapy"[MeSH Terms]
PubMed 7 OR "Extracorporeal Shock Wave Therapy" OR "Shockwave Therapy" OR "ESWT") AND ("Spasticity"[MeSH Terms]
OR "Spasticity" OR "Muscle Spasticity") AND ("Randomized Controlled Trial"[Publication Type] OR "Randomized
Controlled Trial" OR "RCT") AND ("Child"[MeSH Terms] OR "Pediatric" OR "Adolescent" OR "Children")
Cochrane 9 (cerebral palsy) AND ("extracorporeal shock wave therapy" OR "shockwave therapy" OR ESWT) AND (spasticity
OR "muscle spasticity") AND ("randomized controlled trial" OR RCT) AND (child OR children OR pediatric )
PEDro 7 Cerebral Palsy Extracorporeal Shock Wave Therapy
Total
Studies

TABLE 1: Summary of Database Search Results: Number of Studies and Search Strings Used
Across PubMed, Cochrane, and PEDRo

Study Selection

A total of 23 studies were initially identified through the search, conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [42]. After removing 6
duplicates, 17 studies remained for screening. Of these, six studies were excluded based on title and abstract
review. The remaining 11 full-text articles were assessed for eligibility. Based on the predefined inclusion
and exclusion criteria, six studies were included in the final analysis, while five were excluded for not
meeting the eligibility requirements. Figure I illustrates the study selection process following the PRISMA
flow diagram. In total, six studies comprising randomized controlled trials (RCTs) met the inclusion criteria
and were included in this review. These studies evaluated the effects of ESWT on spasticity in children with
CP.
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( Identification of studies via databases and registers

ey
£ Records identified from e P et
Databases (n = 23) L Duplicate records removed
(n =6)
I
(e
Records screened. Records excluded.
(n=17) (n =6)
Reports sought for retrieval. _| Reports not retrieved.
(n=11) "1 (n=0)
Reports assessed for - uded:(n=5
eligibility. »| Reports excluded:(n=5)
(n=11) Did not assess Spasticity (n = 1)
Indirect assessment of Spasticity (n =1)
Prior Surgical Intervention (n =1)
Use of Botulinum Injection (n=1)
Did not meet age criteria (n=1)
—

Studies included in review.
(n =6)

FIGURE 1: PRISMA Flow Diagram Flowchart illustrating the study
selection process for the literature review, including identification,
screening, eligibility assessment, and inclusion of studies on
extracorporeal shockwave therapy (ESWT) for spasticity in children
with cerebral palsy.

Inclusion Criteria

For this review, eligible studies were those that examined the effects of ESWT on spasticity in children with
CP. The studies included participants aged between 5 and 15 years who had a diagnosis of spastic diplegia or
hemiplegia, with spasticity graded between 1 and 3 on the Modified Ashworth Scale (MAS) or assessed using
the Australian Spasticity Assessment Scale (ASAS). The severity of motor impairment was assessed using the
Gross Motor Function Classification System (GMFCS), and children were ideally classified within levels I to
I1I. Studies were included even if GMFCS levels were not reported, as long as other inclusion criteria were
met. The intervention had to involve ESWT, either radial ('ESWT) or focused (fESWT), with clearly defined
parameters, such as frequency and the number of shocks delivered. Studies that evaluated different pulse
counts without a comparator group were also considered. Comparator groups, when applicable, could
include no intervention, therapeutic exercises, placebo, or sham ESWT. Eligible studies were required to
report a reduction in spasticity, assessed through the MAS or ASAS, and preferably included additional
outcome measures like range of motion or gait improvements.

Exclusion Criteria

Studies were excluded from the review if they involved combined treatments, such as Botox injections or
surgical interventions, as these were beyond the scope of this investigation, which focused exclusively on
the impact of ESWT on spasticity. Additionally, non-randomized studies or those lacking a comparator
group were excluded unless the primary focus was on evaluating different pulse counts in ESWT. These
criteria ensured that only studies specifically investigating the effects of ESWT on spasticity in children with
CP were included.

Risk of Bias Assessment
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The methodological quality of the included studies was assessed using the Physiotherapy Evidence Database
scale (PEDr0,1999) [43]. The PEDro scale is a widely recognized tool for evaluating the quality of clinical
trials, particularly in the field of physiotherapy and rehabilitation [44-46]. It consists of 11 items that assess
key methodological aspects such as randomization, allocation concealment, blinding, and statistical
analysis. Each study was independently scored based on the PEDro scale, with the first item (eligibility
criteria specified) excluded from the final score. The remaining 10 items contribute to a total score out of 10,
with a score of 6 or above considered indicative of high methodological quality. A summary of these studies,
including interventions, study design, and outcome measures, is presented in Table 2. The PEDro scores for

each included study are presented in Table 3.

Spasticity
Sl Author(s) Study GMFCS Level and
Participants  Age CP Type
No & Year Design Level Assessment
Tool
Wardhani
Not
1 etal., RCT 13 5-14 Diplegic ASAS
Mentioned
2022 [47]
Wardhani
2 etal., RCT 14 5-12 years ASAS
2022 [48]
Emara et
Not
3 al., RCT 31 7-9years Level Il 1-1+ MAS
mentioned
2022 [49]
Allam et
Not
4 al, RCT 34 5.7 years Diplegic 1-2MAS
mentioned
2021 [50]
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rESWT

rESWT

rESWT +
Traditional

Exercises

Traditional
physiotherapy
Program +

ESWT

Group 1:
Shocks:500,
Pressure 1.5
bar, Frequency
4 Hz, Energy
flux density: 0.1
mJ/mmZ‘ Group
2 Shocks: 1000
Pressure 1.5
bar, Frequency:
4 Hz, Energy
flux density: 0.1
mJ/mm2, Group
3 Shocks:1500,
Pressure:1.5
bar, Frequency:
4 Hz, Energy
flux density: 0.1
mJ/mm?, Group
4 Shocks: 2000,
Pressure: 1.5
bar, Frequency:
4 Hz, Energy

flux density: 0.1

mJ/mm?

Shocks: 1500,
Pressure: 1.5
bar, Frequency:
4 Hz, Energy

flux density: 0.1

mJ/mm?

Shocks: 1500,
Pressure: 1.5
bar, Frequency:
4 Hz; Energy

flux density:

0.030 mJ/mm?

Shocks: 1200,
Pressure: Not
mentioned,
Frequency: 4
Hz, Energy flux

density: 0.12

mJ/mm?

Shocks: 800-
2000, Pressure:

Not mentioned,

C Muscle Group
None Hamstring
rESWT + Gastrocnemius
Sham rESWT ~ muscles
Traditional

Calf muscle
exercises
Traditional Knee flexors
physiotherapy  and hip
Program adductors

Flexors of the

No. of

Sessions

1 session

per week

1 session

per week

1 session

per week

12
sessions
“
session

per week)

Outcomes

Measured

ASAS

ASAS

Biodex
dynamometer,
GMFM-88-
dimension D
and E, TSMC,

SLST, MAS,

MAS,
kinematic gait

parameters

Follow-

Pedro

up

Score

Period

weeks
5/10
and 4

weeks

48,
and 12 5/10

weeks

12
7110
weeks

12
7110
weeks

50f 12
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Farhan et Exercise Forearm and

Not Frequency:iQ Exercise sessions 8
5 al, RCT 32 5-15years  Hemiplegic +1-3MAS  program + . MAS, MHC 6/10
mentioned Hz, Energy flux  program (1Session weeks
2019 [51] ESWT densiy: 042 muscles in the S
a hand
mJ/mm<, 0.03
mJ/mm?

Study

group: mean Spasticity

age score mean Shocks: 1500

Total 12

6.93 years value: Pressure 1.5 Gastrocnemius
El-Shamy Conservative sessions

(SD0.8), Not Control bar Frequency:  Conservative ~ muscles and MAS, 3D gait 12

6 etal., RCT 30 Hemiplegic physiotherapy “ 6/10

Control mentioned  group 2.27 SHz. Energy physiotherapy  the soleus analysis weeks
2014 [52] +ESWT session

group: mean (0.56), Study flux Density: muscle

per week)

age group 2.34 0.030 my/mm?

6.8 years (0.48) MAS.

(SD0.7)

TABLE 2: Summary and Baseline Characteristics of the Included Studies

RCT: Randomized controlled trial; ASAS: Australian Spasticity Assessment Score; rESWT: Radial extracorporeal shockwave therapy; GMFM: Gross motor
functional measurement; TSMC: Trost selective motor control; SLST: Single leg sit to stand; MAS: Modified Ashworth Scale; rSWT: Radial shock wave
therapy; MHC: Modified house function classification; SD: Standard deviation

Author Year 1 2 3 4 D) 6 7 8 9 10 1 Total Score
Wardhani et al. [47] 2022 Yes 1 0 1 0 0 1 1 0 1 0 5
Wardhani et al. [48] 2022 Yes 1 0 1 1 0 1 0 0 1 0 5
Emara et al. [49] 2022 Yes 1 1 1 1 0 1 1 0 1 0 7
Allam et al. [50] 2021 Yes 1 0 1 1 0 1 1 0 1 1 7
Farhan et al. [51] 2019 Yes 1 0 1 0 0 1 1 0 1 1 6
El-Shamy et al. [52] 2014 Yes 1 1 1 0o o0 1 1 0 1 0 6

TABLE 3: Methodological Quality of the Studies

Review

This review included six randomized controlled trials (RCTs) that investigated the effects of rESWT on
spasticity in children with CP [47-52]. All studies reported statistically significant improvements in
spasticity following treatment, with some also demonstrating enhanced functional outcomes such as
improved motor control, gait, and range of motion.

Spasticity reduction

Across all studies, rTESWT led to a measurable reduction in muscle spasticity. Two studies used the ASAS as
primary outcome measures [47,48], while four studies utilized the MAS [49-52]. Studies consistently
demonstrated significant improvements following treatment. For instance, Allam et al. and El-Shamy et al.
reported statistically significant reductions in MAS scores between the treatment and control groups post-
treatment (P = 0.009 and P = 0.0003, respectively), in favor of the treatment groups [50,52]. Additionally,
both studies observed significant within-group reductions in spasticity following the intervention [50,52].
Emara et al. and Farhan et al. observed similar benefits in spasticity, with both studies reporting statistically
significant improvements (P < 0.01) [49,51]. Although Wardhani et al. found no significant intergroup
differences among the four shock-dose groups, all groups demonstrated improvement in ASAS scores [47].

Session frequency and dose response

Two studies investigated the impact of session frequency and shock dose [47,48]. Wardhani et al. evaluated
different shock doses (500 to 2000 pulses) and found that while all doses were effective, higher doses did not
produce proportionately greater effects, suggesting a non-linear dose-response relationship [47]. In a
subsequent study, the same authors compared three versus five sessions and observed no statistically
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significant differences in outcomes between the two groups at 4-, 8-, and 12-weeks post-treatment,
suggesting a possible threshold effect [48].

Energy flux density and protocol variability

Most studies included in this review reported the EFD, which is a critical parameter in ESWT, with values
ranging from 0.1 to 0.12 mJ/mm?, corresponding to low-to-moderate energy levels [47-52]. Despite the
variation in reported values across studies, all demonstrated significant reductions in spasticity, suggesting
therapeutic benefits even at lower EFD levels. The variation in reporting underscores the need for more
consistent documentation of treatment parameters in future research to allow better comparability.

Functional outcomes

Four studies reported additional functional outcomes beyond spasticity reduction [49-52]. Emara et al. and
Allam et al. observed improvements in gross motor function (GMFM-D/E) and plantar surface area [49,50].
Furthermore, Allam et al. and EI-Shamy et al. demonstrated enhanced gait characteristics, including
increased stride length and improved symmetry, as measured by three-dimensional gait analysis using
kinematic and spatiotemporal parameters [50,52]. Farhan et al., who focused on upper limb spasticity in
children with hemiplegic CP, reported functional improvements in hand control (as measured by the
Modified House Classification), underscoring the broader therapeutic potential of ESWT beyond lower limb
applications [51]. Their findings highlight the role of ESWT in improving upper limb function, thereby
supporting greater independence in daily tasks, including the effective use of assistive devices like walkers
or canes.

Follow-up and duration of effects

Follow-up durations varied across studies, ranging from 2 weeks to 12 weeks [47-52]. Wardhani et al.
reported follow-ups at 2 weeks and 4 weeks for the first study and at 4, 8, and 12 weeks for the second

study [47,48]. Emara et al. and Allam et al. reported follow-ups at 12 weeks [49,50], Farhan et al. followed up
at 8 weeks, and El-Shamy et al. reported follow-up at 12 weeks [51,52]. These studies generally found that
improvements in spasticity were sustained throughout their respective follow-up periods.

Safety and tolerability

None of the included studies reported any major adverse events associated with rESWT. The available
evidence reinforces the excellent safety and tolerability profile of rESWT in pediatric populations,
supporting its use as a non-invasive therapeutic option for managing spasticity in children [47-52]. As
summarized in Table 4, the comparative insights across the included studies reveal key findings regarding
protocol parameters, spasticity reduction, shock dose effectiveness, and safety.
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Reference

Wardhani et al., 2022 [47], Wardhani et al., 2022 [48], Emara et al.,
2022 [49], Allam et al., 2021 [50], Farhan et al., 2019 [51], EI-
Shamy et al., 2014 [52]

Wardhani et al., 2022 [47], Wardhani et al., 2022 [48], Emara et al.,
2022 [49], Allam et al., 2021 [50], Farhan et al., 2019 [51], EI-
Shamy et al., 2014 [52]

Wardhani et al., 2022 [47]

Wardhani et al., 2022 [48]

Emara et al., 2022 [49], Allam et al., 2021 [50], Farhan et al.,
2019 [51], EI-Shamy et al., 2014 [52]

Farhan et al., 2019 [51]

Wardhani et al., 2022 [48], Emara et al., 2022 [49], Allam et al.,
2021 [50], EI-Shamy et al., 2014 [52]

Wardhani et al., 2022 [47], Wardhani et al., 2022 [48], Emara et al.,
2022 [49], Allam et al., 2021 [50], Farhan et al., 2019 [51], EI-
Shamy et al., 2014 [52]

Aspect

Protocol
parameters

Spasticity
reduction

Shock
dose

Session
frequency

Functional
outcomes

Muscle
groups

Follow-up
duration

Safety

Findings

Shock doses ranged from 500 to 2000; session
frequency varied (1-12 sessions), EFD ranged from
0.01 to 0.12 mJ/mm? when reported.

Consistently significant across all studies (MAS/ASAS)

No linear dose response; even lower doses are effective

3 vs. 5 sessions: similar outcomes, suggesting
threshold effect

Improved GMFM, gait, SLST, and MHC in treatment
groups

Primarily lower limb: one study showed effectiveness in
the upper limb

Benefits sustained for up to 12 weeks

No adverse events were reported across all studies
throughout the trial period.

TABLE 4: Summary of Key Comparative Insights Across Included Studies

Discussion

This literature review synthesized evidence from six RCTs examining the effects of rESWT on spasticity in
children with CP [47-52]. All included studies reported statistically significant reductions in spasticity
following the intervention, with improvements sustained for varying durations [47-52]. Among these, two
trials specifically investigated the effects of session frequency and shock dosage [47,48]. Both found no
additional benefit from higher frequencies or shock counts, suggesting a threshold effect wherein
therapeutic gains plateau beyond a certain dosage [47,48]. This outcome highlights the possibility that
minimal, well-structured therapeutic protocols can effectively contribute to meaningful clinical gains.

Wardhani et al. [48] implemented a structured follow-up protocol at 4, 8, and 12 weeks, demonstrating
sustained improvements in both spasticity and functional outcomes over time. Similarly, Emara et al., Allam
et al., Farhan et al., and El-Shamy et al. reported improvements not only in muscle tone but also in
functional domains such as joint range of motion, plantar contact area, gait symmetry, hand function, and
gross motor function [49-52]. These observations support the notion that rESWT may facilitate broader
therapeutic aims, with effects that extend beyond neuromuscular modulation.

Across studies, the reported EFD, an essential therapeutic parameter, ranged from 0.1 to 0.12 mJ/mm?, with
frequencies typically set between 4 and 10 Hz [47-52]. These values align with low-to-moderate intensity
protocols and appear effective for pediatric populations. However, inconsistencies in the documentation of
EFD, shock count, and application techniques limit interpretability and emphasize the importance of

standardization in future research.

Although the included trials generally report favorable outcomes, the heterogeneity in study methodologies
limits the broader applicability of the results. Key sources of variation include the choice of target muscles,
diversity in outcome assessments, and differences in participant profiles-especially in GMFCS levels.
Additionally, few studies utilized objective biomechanical assessments (e.g., kinematic gait analysis, torque
measurements), limiting deeper understanding of rESWT’s physiological impact [49,50,52].

A recent meta-analysis by Chang et al. [53] corroborates these findings, indicating that although reductions
in spasticity measured by the MAS may diminish after one month, functional gains such as increased passive
ankle range of motion and improved plantar contact can persist for up to three months. These results
underscore the importance of evaluating functional mobility parameters alongside spasticity measures in

future ESWT research.
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Further supporting the review’s conclusions, Su et al. conducted a 12-week study using low-intensity ESWT
(1500 pulses at 0.1 mJ/mm?, 4 Hz) in children with CP and Rett’s syndrome, reporting significant
improvements in spasticity and ankle range of motion in the CP subgroup [54]. Notably, they employed
acoustic radiation force impulse (ARFI) ultrasonography to measure changes in muscle stiffness,
demonstrating a reduction in muscle rigidity. This suggests that ESWT may alter the intrinsic biomechanical
properties of spastic muscle tissue, not merely reduce neural hyperexcitability [54].

Additional insights are offered by de Roo et al., who conducted a systematic review of 12 RCTs evaluating
ESWT in children with spastic CP [55]. Their analysis highlighted significant MAS score reductions and large
effect sizes for passive range of motion, baropodometry, selective motor control, and gross motor function.
Importantly, most studies described the intervention as painless or free from discomfort, reinforcing its
safety profile [55].

Mirea et al. further confirmed ESWT’s rehabilitative value, demonstrating that a 3-session protocol (0.15
m]/mm?, 500 shocks per session, 10 Hz) led to a nearly one-point reduction in MAS scores, a 10-point
improvement in GMFM-66, and a 14-point reduction in pain scores in children with diplegia or
quadriplegia [56]. These results suggest that ESWT not only alleviates spasticity but also reduces pain and
enhances functional capacity, reinforcing its role in comprehensive pediatric neurorehabilitation.

In summary, this review supports tESWT as a non-invasive, well-tolerated, and clinically effective
intervention for managing spasticity in children with CP. The consistent absence of serious adverse events,
along with its functional benefits across diverse motor domains, makes it a promising adjunct to
conventional therapies. To enhance its clinical integration, future studies should focus on standardizing
dosing parameters, particularly EFD, extending follow-up durations, and incorporating objective
measurement tools. Moreover, functional and imaging-based assessments should be prioritized to capture
the full scope of ESWT's therapeutic potential.

Conclusions

This literature review highlights the growing body of evidence supporting rESWT as an effective, non-
invasive treatment for reducing spasticity and enhancing functional outcomes in children with CP. The
reviewed studies consistently demonstrated significant improvements in spasticity, joint range of motion,
gait, and other functional measures following rESWT, with benefits sustained for weeks after treatment.
Furthermore, the therapy’s safety profile was robust, with no serious adverse events reported, making it a
promising adjunct in pediatric neurorehabilitation.

Despite these encouraging findings, variations in treatment protocols and outcome measurements
underscore the need for more standardized and rigorous research to refine dosage parameters and assess
long-term effects. The incorporation of objective measurement techniques, such as imaging-based
assessments of muscle stiffness, would greatly enhance understanding of the underlying mechanisms of
action and support the development of more personalized treatment plans.

Moving forward, well-designed studies with consistent protocols, comprehensive outcome measures, and

extended follow-up periods are essential to establish rESWT as a cornerstone in the management of
spasticity in CP, ultimately aiming to improve the quality of life for affected children.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Mohammed A. Khan, Saad A. AlSehemi, Omar A. Alahmadi, Salma A. Abdelhamid,
Mohammad K. Aljohani, Abdullah A. Shweikan

Acquisition, analysis, or interpretation of data: Mohammed A. Khan, Abdulmajeed Y. Altohami, Nada
M. Aljohani

Drafting of the manuscript: Mohammed A. Khan, Saad A. AlSehemi, Omar A. Alahmadi, Salma A.
Abdelhamid, Mohammad K. Aljohani, Abdullah A. Shweikan

Critical review of the manuscript for important intellectual content: Mohammed A. Khan,
Abdulmajeed Y. Altohami, Nada M. Aljohani

Supervision: Mohammed A. Khan

Disclosures

2025 Khan et al. Cureus 17(5): e84260. DOI 10.7759/cureus.84260 90of12


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sadowska M, Sarecka-Hujar B, Kopyta I: Cerebral palsy: Current opinions on definition, epidemiology, risk
factors, classification and treatment options. Neuropsychiatr Dis Treat. 2020, 16:1505-18.
10.2147/NDT.S235165

Patel DR, Neelakantan M, Pandher K, Merrick J: Cerebral palsy in children: A clinical overview . Transl
Pediatr. 2020, 9:S125-35. 10.21037/tp.2020.01.01

Heinen F, Bonfert M, Kanovsky P, et al.: Spasticity-related pain in children/adolescents with cerebral palsy.
Part 1: Prevalence and clinical characteristics from a pooled analysis. ] Pediatr Rehabil Med. 2022, 15:129-
43.10.3233/PRM-220011

Hiégglund G, Hollung SJ, Ahonen M, et al.: Treatment of spasticity in children and adolescents with cerebral
palsy in Northern Europe: A CP-North registry study. BMC Neurol. 2021, 21:276. 10.1186/s12883-021-
02289-3

Trompetto C, Marinelli L, Mori L, Pelosin E, Curra A, Molfetta L, Abbruzzese G: Pathophysiology of
spasticity: Implications for neurorehabilitation. Biomed Res Int. 2014, 2014:354906. 10.1155/2014/354906
Beckung E, White-Koning M, Marcelli M, et al.: Health status of children with cerebral palsy living in
Europe: A multi-centre study. Child Care Health Dev. 2008, 34:806-14. 10.1111/].1365-2214.2008.00877.x
Goldstein EM: Spasticity management: An overview. ] Child Neurol. 2001, 16:16-23.
10.1177/088307380101600104

Kim HJ, Park JW, Nam K: Effect of extracorporeal shockwave therapy on muscle spasticity in patients with
cerebral palsy: Meta-analysis and systematic review. Eur ] Phys Rehabil Med. 2019, 55:761-71.
10.23736/S1973-9087.19.05888-X

Oh JH, Park HD, Han SH, Shim GY, Choi KY: Duration of treatment effect of extracorporeal shock wave on
spasticity and subgroup-analysis according to number of shocks and application site: A meta-analysis. Ann
Rehabil Med. 2019, 43:163-77. 10.5535/arm.2019.43.2.163

Otero-Luis I, Cavero-Redondo I, Alvarez-Bueno C, Martinez-Rodrigo A, Pascual-Morena C, Moreno-Herrdiz
N, Saz-Lara A: Effectiveness of extracorporeal shock wave therapy in treatment of spasticity of different
aetiologies: A systematic review and meta-analysis. ] Clin Med. 2024, 13:1323. 10.3390/jcm 130513253

Basoli V, Chaudary S, Cruciani S, et al.: Mechanical stimulation of fibroblasts by extracorporeal shock waves:

Modulation of cell activation and proliferation through a transient proinflammatory milieu. Cell Transplant.
2020, 29:10.1177/0963689720916175

Yang E, Lew HL, Oz¢akar L, Wu CH: Recent advances in the treatment of spasticity: Extracorporeal shock
wave therapy. | Clin Med. 2021, 10:4723. 10.3390/jcm 10204723

Ayala L, Winter S, Byrne R, et al.: Assessments and interventions for spasticity in infants with or at high risk
for cerebral palsy: A systematic review. Pediatr Neurol. 2021, 118:72-90.
10.1016/j.pediatrneurol.2020.10.014

Simplicio CL, Purita J, Murrell W, Santos GS, Dos Santos RG, Lana JF: Extracorporeal shock wave therapy
mechanisms in musculoskeletal regenerative medicine. ] Clin Orthop Trauma. 2020, 11:5309-18.
10.1016/j.jcot.2020.02.004

Cao B, Tang X, Liu C, et al.: Unlocking new Frontiers: The cellular and molecular impact of extracorporeal
shock wave therapy (ESWT) on central nervous system (CNS) disorders and peripheral nerve injuries (PNI).
Exp Neurol. 2025, 384:115052. 10.1016/j.expneurol.2024.115052

McClure S, Dorfmuller C: Extracorporeal shock wave therapy: Theory and equipment . Clin Tech Equine
Pract. 2003, 2:348-57. 10.1053/j.ctep.2004.04.008

Gonkova MI, Ilieva EM, Ferriero G, Chavdarov I: Effect of radial shock wave therapy on muscle spasticity in
children with cerebral palsy. Int ] Rehabil Res. 2013, 36:284-90. 10.1097/MRR.0b013%e328360e51d
Biedermann Villagra T, Tur Segura M, Gimeno Esteve F, Jimenez Redondo ], Garcia Rodriguez N, Mila
Villarroel R: Effectiveness of radial extracorporeal shockwave therapy in the local management of hyperto-
nia (spasticity and dystonia) in patients with cerebral palsy. ] Rehabil Med Clin Commun. 2024, 7:41084.
10.2340/jrm-cc.v7.41084

Mittermayr R, Haffner N, Feichtinger X, Schaden W: The role of shockwaves in the enhancement of bone
repair - from basic principles to clinical application. Injury. 2021, 52:584-90. 10.1016/j.injury.2021.02.081
d'Agostino MC, Craig K, Tibalt E, Respizzi S: Shock wave as biological therapeutic tool: From mechanical
stimulation to recovery and healing, through mechanotransduction. Int J Surg. 2015, 24:147-53.
10.1016/j.ijsu.2015.11.030

Romeo P, Lavanga V, Pagani D, Sansone V: Extracorporeal shock wave therapy in musculoskeletal disorders:
A review. Med Princ Pract. 2014, 23:7-13. 10.1159/000355472

Ryskalin L, Morucci G, Natale G, Soldani P, Gesi M: Molecular mechanisms underlying the pain-relieving
effects of extracorporeal shock wave therapy: A focus on fascia nociceptors. Life. 2022, 12:743.
10.3390/1ife12050743

Dymarek R, Halski T, Ptaszkowski K, Slupska L, Rosinczuk |, Taradaj J: Extracorporeal shock wave therapy as
an adjunct wound treatment: A systematic review of the literature. Ostomy Wound Manage. 2014, 60:26-39.
Opara J, Taradaj ], Walewicz K, Rosiriczuk ], Dymarek R: The current state of knowledge on the clinical and
methodological aspects of extracorporeal shock waves therapy in the management of post-stroke spasticity
—Overview of 20 years of experiences. ] Clin Med. 2021, 10:261. 10.3390/jcm 10020261

Starosta M, Marek K, Redlicka J, Miller E: Extracorporeal shockwave treatment as additional therapy in
patients with post-stroke spasticity of upper limb—A narrative review. | Clin Med. 2024, 13:2017.

2025 Khan et al. Cureus 17(5): €84260. DOI 10.7759/cureus.84260

100f 12


https://dx.doi.org/10.2147/NDT.S235165
https://dx.doi.org/10.2147/NDT.S235165
https://dx.doi.org/10.21037/tp.2020.01.01
https://dx.doi.org/10.21037/tp.2020.01.01
https://dx.doi.org/10.3233/PRM-220011
https://dx.doi.org/10.3233/PRM-220011
https://dx.doi.org/10.1186/s12883-021-02289-3
https://dx.doi.org/10.1186/s12883-021-02289-3
https://dx.doi.org/10.1155/2014/354906
https://dx.doi.org/10.1155/2014/354906
https://dx.doi.org/10.1111/j.1365-2214.2008.00877.x
https://dx.doi.org/10.1111/j.1365-2214.2008.00877.x
https://dx.doi.org/10.1177/088307380101600104
https://dx.doi.org/10.1177/088307380101600104
https://dx.doi.org/10.23736/S1973-9087.19.05888-X
https://dx.doi.org/10.23736/S1973-9087.19.05888-X
https://dx.doi.org/10.5535/arm.2019.43.2.163
https://dx.doi.org/10.5535/arm.2019.43.2.163
https://dx.doi.org/10.3390/jcm13051323
https://dx.doi.org/10.3390/jcm13051323
https://dx.doi.org/10.1177/0963689720916175
https://dx.doi.org/10.1177/0963689720916175
https://dx.doi.org/10.3390/jcm10204723
https://dx.doi.org/10.3390/jcm10204723
https://dx.doi.org/10.1016/j.pediatrneurol.2020.10.014
https://dx.doi.org/10.1016/j.pediatrneurol.2020.10.014
https://dx.doi.org/10.1016/j.jcot.2020.02.004
https://dx.doi.org/10.1016/j.jcot.2020.02.004
https://dx.doi.org/10.1016/j.expneurol.2024.115052
https://dx.doi.org/10.1016/j.expneurol.2024.115052
https://dx.doi.org/10.1053/j.ctep.2004.04.008
https://dx.doi.org/10.1053/j.ctep.2004.04.008
https://dx.doi.org/10.1097/MRR.0b013e328360e51d
https://dx.doi.org/10.1097/MRR.0b013e328360e51d
https://dx.doi.org/10.2340/jrm-cc.v7.41084
https://dx.doi.org/10.2340/jrm-cc.v7.41084
https://dx.doi.org/10.1016/j.injury.2021.02.081
https://dx.doi.org/10.1016/j.injury.2021.02.081
https://dx.doi.org/10.1016/j.ijsu.2015.11.030
https://dx.doi.org/10.1016/j.ijsu.2015.11.030
https://dx.doi.org/10.1159/000355472
https://dx.doi.org/10.1159/000355472
https://dx.doi.org/10.3390/life12050743
https://dx.doi.org/10.3390/life12050743
https://pubmed.ncbi.nlm.nih.gov/25019247/
https://dx.doi.org/10.3390/jcm10020261
https://dx.doi.org/10.3390/jcm10020261
https://dx.doi.org/10.3390/jcm13072017

Cureus

Part of SPRINGER NATURE

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

10.3390/jcm13072017

Xiang ], Wang W, Jiang W, Qian Q: Effects of extracorporeal shock wave therapy on spasticity in post-stroke
patients: A systematic review and meta-analysis of randomized controlled trials. ] Rehabil Med. 2018,
50:852-9. 10.2340/16501977-2385

Blottner D, Liick G: Just in time and place: NOS/NO system assembly in neuromuscular junction formation .
Microsc Res Tech. 2001, 55:171-80. 10.1002/jemt.1168

Kenmoku T, Nemoto N, Iwakura N, et al.: Extracorporeal shock wave treatment can selectively destroy end
plates in neuromuscular junctions. Muscle Nerve. 2018, 57:466-72. 10.1002/mus.25754

Jia G, Ma ], Wang S, et al.: Long-term effects of extracorporeal shock wave therapy on poststroke spasticity:
A meta-analysis of randomized controlled trials. ] Stroke Cerebrovasc Dis. 2020, 29:104591.
10.1016/j.jstrokecerebrovasdis.2019.104591

Bax MC: Terminology and classification of cerebral palsy. Dev Med Child Neurol. 1964, 6:295-7.
10.1111/5.1469-8749.1964.tb10791.x

Mukherjee A, Chakravarty A: Spasticity mechanisms - for the clinician . Front Neurol. 2010, 1:149.
10.3389/fneur.2010.00149

Hamze M, Brier C, Buhler E, Zhang ], Medina I, Porcher C: Regulation of neuronal chloride homeostasis by
pro- and mature brain-derived neurotrophic factor (BDNF) via KCC2 cation-chloride cotransporters in rat
cortical neurons. Int ] Mol Sci. 2024, 25:6253. 10.3390/ijms25116253

Ben-Ari Y, Gaiarsa JL, Tyzio R, Khazipov R: GABA: A pioneer transmitter that excites immature neurons and
generates primitive oscillations. Physiol Rev. 2007, 87:1215-84. 10.1152/physrev.00017.2006

Ben-Ari Y: Excitatory actions of gaba during development: The nature of the nurture . Nat Rev Neurosci.
2002, 3:728-39. 10.1038/nrn920

Escaldi S, Bianchi F, Bavikatte G, Molteni F, Moraleda S, Deltombe T, Francisco GE: Module 1:
Pathophysiology and assessment of spasticity; goal setting. | Int Soc Phys Rehabil Med. 2022, 5:3-22.
10.4103/2349-7904.347807

Dehail P, Gaudreault N, Zhou H, Cressot V, Martineau A, Kirouac-Laplante ], Trudel G: Joint contractures
and acquired deforming hypertonia in older people: Which determinants?. Ann Phys Rehabil Med. 2019,
62:435-41. 10.1016/j.rehab.2018.10.005

Damiano DL: Rehabilitative therapies in cerebral palsy: The good, the not as good, and the possible . J Child
Neurol. 2009, 24:1200-4. 10.1177/0883073809337919

Whelan MA, Delgado MR: Practice parameter: pharmacologic treatment of spasticity in children and
adolescents with cerebral palsy (an evidence-based review): Report of the quality standards subcommittee
of the American Academy of Neurology and the Practice Committee of the Child Neurology Society.
Neurology. 2010, 75:669. 10.1212/WNL.0b013e3181ec670b

Multani I, Manji ], Hastings-Ison T, Khot A, Graham K: Botulinum toxin in the management of children with
cerebral palsy. Paediatr Drugs. 2019, 21:261-81. 10.1007/s40272-019-00344-8

Sharan D: Orthopedic surgery in cerebral palsy: Instructional course lecture. Indian J Orthop. 2017, 51:240-
55.10.4103/ortho.IJOrtho 197 16

Dekopov AV, Tomsky AA, Isagulyan ED: Methods and results of neurosurgical treatment of cerebral palsy .
Zh Vopr Neirokhir Im N N Burdenko. 2023, 87:106-12. 10.17116/neiro202387031106

Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: An updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

PEDro scale. (2024). Accessed: January 31, 2024: http://www.pedro.org.au/wp-
content/uploads/PEDro_scale.pdf.

Mabher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M: Reliability of the PEDro scale for rating
quality of randomized controlled trials. Phys Ther. 2003, 83:713-21.

Scurlock-Evans L, Upton P, Upton D: Evidence-based practice in physiotherapy: A systematic review of
barriers, enablers and interventions. Physiotherapy. 2014, 100:208-19. 10.1016/j.physio.2014.03.001
Verhagen AP, de Vet HC, de Bie RA, Kessels AG, Boers M, Bouter LM, Knipschild PG: The Delphi list: A
criteria list for quality assessment of randomized clinical trials for conducting systematic reviews developed
by Delphi consensus. ] Clin Epidemiol. 1998, 51:1235-41. 10.1016/s0895-4356(98)00131-0

Wardhani RK, Wahyuni LK, Laksmitasari B, Lakmudin A: Effect of total number of pulses of radial
extracorporeal shock wave therapy (rESWT) on hamstring muscle spasticity in children with spastic type
cerebral palsy: A randomized clinical trial. ] Pediatr Rehabil Med. 2022, 15:159-64. 10.3233/PRM-200796
Wardhani RK, Wahyuni LK, Laksmitasari B, Lakmudin A: Effect of session frequency of radial extracorporeal
shockwave therapy on gastrocnemius muscle spasticity in children with spastic cerebral palsy: A double-
blinded, randomised clinical trial. Int ] Ther Rehabilit. 2022, 29:

Emara HA, Al-Johani AH, Khaled OA, Ragab WM, Al-Shenqiti AM: Effect of extracorporeal shock wave
therapy on spastic equinus foot in children with unilateral cerebral palsy. ] Taibah Univ Med Sci. 2022,
17:794-804. 10.1016/j.jtumed.2021.12.010

Allam HH, Almalki AJ, Elsayyad LK: Effect of shockwave therapy on kinematic gait parameters in children
with spastic diplegic cerebral palsy. Int ] Ther Rehabilit. 2021, 28:1-10.

Farhan SN, Abdullah SS, Abdulgani FM: Impact of extracorporeal shock wave therapy on spastic hand
function with assistive devices in children with cerebral palsy. Ann Tropical Med Public Health. 2019,
22:8265.

El-Shamy SM, Eid MA, El-Banna MF: Effect of extracorporeal shock wave therapy on gait pattern in
hemiplegic cerebral palsy: A randomized controlled trial. Am ] Phys Med Rehabil. 2014, 93:1065-72.
10.1097/PHM.0000000000000133

Chang MC, Choo YJ, Kwak SG, Nam K, Kim SY, Lee HJ, Kwak S: Effectiveness of extracorporeal shockwave
therapy on controlling spasticity in cerebral palsy patients: A meta-analysis of timing of outcome
measurement. Children. 2023, 10:332. 10.3390/children10020332

Su TY, Huang YC, Ko JY, Hsin Y], Yu MY, Hung PL: Therapeutic effects of extracorporeal shock wave therapy
on patients with spastic cerebral palsy and Rett syndrome: Clinical and ultrasonographic findings. Orphanet
] Rare Dis. 2024, 19:6. 10.1186/s13023-023-03010-y

2025 Khan et al. Cureus 17(5): €84260. DOI 10.7759/cureus.84260

110f12


https://dx.doi.org/10.3390/jcm13072017
https://dx.doi.org/10.2340/16501977-2385
https://dx.doi.org/10.2340/16501977-2385
https://dx.doi.org/10.1002/jemt.1168
https://dx.doi.org/10.1002/jemt.1168
https://dx.doi.org/10.1002/mus.25754
https://dx.doi.org/10.1002/mus.25754
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.104591
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.104591
https://dx.doi.org/10.1111/j.1469-8749.1964.tb10791.x
https://dx.doi.org/10.1111/j.1469-8749.1964.tb10791.x
https://dx.doi.org/10.3389/fneur.2010.00149
https://dx.doi.org/10.3389/fneur.2010.00149
https://dx.doi.org/10.3390/ijms25116253
https://dx.doi.org/10.3390/ijms25116253
https://dx.doi.org/10.1152/physrev.00017.2006
https://dx.doi.org/10.1152/physrev.00017.2006
https://dx.doi.org/10.1038/nrn920
https://dx.doi.org/10.1038/nrn920
https://dx.doi.org/10.4103/2349-7904.347807
https://dx.doi.org/10.4103/2349-7904.347807
https://dx.doi.org/10.1016/j.rehab.2018.10.005
https://dx.doi.org/10.1016/j.rehab.2018.10.005
https://dx.doi.org/10.1177/0883073809337919
https://dx.doi.org/10.1177/0883073809337919
https://dx.doi.org/10.1212/WNL.0b013e3181ec670b
https://dx.doi.org/10.1212/WNL.0b013e3181ec670b
https://dx.doi.org/10.1007/s40272-019-00344-8
https://dx.doi.org/10.1007/s40272-019-00344-8
https://dx.doi.org/10.4103/ortho.IJOrtho_197_16
https://dx.doi.org/10.4103/ortho.IJOrtho_197_16
https://dx.doi.org/10.17116/neiro202387031106
https://dx.doi.org/10.17116/neiro202387031106
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
http://www.pedro.org.au/wp-content/uploads/PEDro_scale.pdf
http://www.pedro.org.au/wp-content/uploads/PEDro_scale.pdf
https://doi.org/10.1093/ptj/83.8.713
https://dx.doi.org/10.1016/j.physio.2014.03.001
https://dx.doi.org/10.1016/j.physio.2014.03.001
https://dx.doi.org/10.1016/s0895-4356(98)00131-0
https://dx.doi.org/10.1016/s0895-4356(98)00131-0
https://dx.doi.org/10.3233/PRM-200796
https://dx.doi.org/10.3233/PRM-200796
https://doi.org/10.12968/ijtr.2021.0047
https://dx.doi.org/10.1016/j.jtumed.2021.12.010
https://dx.doi.org/10.1016/j.jtumed.2021.12.010
https://doi.org/10.12968/ijtr.2020.0029
https://doi.org/10.36295/ASRO.2019.22099
https://dx.doi.org/10.1097/PHM.0000000000000133
https://dx.doi.org/10.1097/PHM.0000000000000133
https://dx.doi.org/10.3390/children10020332
https://dx.doi.org/10.3390/children10020332
https://dx.doi.org/10.1186/s13023-023-03010-y
https://dx.doi.org/10.1186/s13023-023-03010-y

Cureus

Part of SPRINGER NATURE

55. de Roo EG, Koopman SB, Janssen TW, Aertssen WF: The effects of extracorporeal shock wave therapy in
children with cerebral palsy: A systematic review. Int J Surg. 2025, 111:2773-90.
10.1097/JS9.0000000000002251

56. Mirea A, Onose G, Padure L, Rosulescu E: Extracorporeal shockwave therapy (ESWT) benefits in spastic
children with cerebral palsy (CP). ] Med Life. 2014, 7:127-32.

2025 Khan et al. Cureus 17(5): e84260. DOI 10.7759/cureus.84260 12 of 12


https://dx.doi.org/10.1097/JS9.0000000000002251
https://dx.doi.org/10.1097/JS9.0000000000002251
https://pubmed.ncbi.nlm.nih.gov/25870710/

	Extracorporeal Shockwave Therapy for Spasticity in Children With Cerebral Palsy: A Literature Review of Treatment Protocols and Outcome Measurement Parameters
	Abstract
	Introduction And Background
	Materials and methods
	TABLE 1: Summary of Database Search Results: Number of Studies and Search Strings Used Across PubMed, Cochrane, and PEDRo
	FIGURE 1: PRISMA Flow Diagram Flowchart illustrating the study selection process for the literature review, including identification, screening, eligibility assessment, and inclusion of studies on extracorporeal shockwave therapy (ESWT) for spasticity in children with cerebral palsy.
	TABLE 2: Summary and Baseline Characteristics of the Included Studies
	TABLE 3: Methodological Quality of the Studies


	Review
	Spasticity reduction
	Session frequency and dose response
	Energy flux density and protocol variability
	Functional outcomes
	Follow-up and duration of effects
	TABLE 4: Summary of Key Comparative Insights Across Included Studies

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


