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Abstract

Post-stroke spasticity is a common complication of stroke that limits motor activity,
functional independence, and the effectiveness of rehabilitation. Despite the availability
of various therapeutic approaches, there remains a need to optimize treatment strategies
targeting both the central and peripheral mechanisms underlying spasticity.

Objective. To conduct a narrative review of current evidence on the epidemiology and
pathophysiological mechanisms of post-stroke spasticity, summarize existing
therapeutic approaches, evaluate the efficacy of extracorporeal shock wave therapy
(ESWT), and synthesize current evidence regarding its proposed mechanisms of action.
Materials and Methods. A literature search was conducted in the PubMed/MEDLINE,
Cochrane Library, Scopus, Web of Science, and Google Scholar databases. The primary
search period covered publications from January 2020 to July 2026; earlier sources were
included when necessary. The review included randomized controlled trials, prospective,
cohort, and observational studies, as well as systematic reviews and meta-analyses.
Results. The prevalence of post-stroke spasticity varies substantially depending on the
follow-up period, severity of motor impairment, and diagnostic criteria. A higher risk of
spasticity is observed in patients with severe paresis and marked functional impairment.
The analyzed studies demonstrated that ESWT is associated with reductions in muscle
tone and spasticity severity, as well as improvements in selected measures of motor
function. In some studies, these effects persisted for several months. The proposed
mechanisms of action include effects on the mechanical properties of muscles and
connective tissue, neuromuscular transmission, local blood circulation, and
neuroplasticity.

Conclusions. ESWT is a promising adjunctive modality in the comprehensive
rehabilitation of patients with post-stroke spasticity. However, heterogeneity in
treatment parameters, small sample sizes, and limited follow-up duration preclude the
determination of an optimal treatment protocol. Multicenter randomized controlled
trials with standardized treatment parameters and long-term follow-up are warranted.

Keywords: spasticity, post-stroke spasticity, stroke, pathogenesis, epidemiology,
extracorporeal shock wave therapy, ESWT, rehabilitation.
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1. Introduction

Spasticity is a motor disorder characterized by an
exaggerated tonic stretch reflex, accompanied by
hyperreflexia and increased muscle tone. Individuals
with spasticity may exhibit multijoint spasms, co-
contraction of agonist and antagonist muscles, and
dystonia or abnormal postures. Spasticity occurs in
various neurological conditions, including stroke,
multiple sclerosis, cerebral palsy, and spinal cord
injury.

Stroke survivors frequently experience functional
impairments and neurological deficits. The principal
factors limiting activities of daily living after stroke
include motor impairments, such as contractures,
spasticity, muscle weakness, paresis of central origin,
ataxia, and postural and gait disturbances, as well as
emotional and cognitive impairments. Altered muscle
tone is one of the clinical factors that adversely affect
motor activity. Changes in muscle tone reflect both
dysfunction within motor control systems and
alterations in sensorimotor control. These changes often
follow a sequential pattern, with hypotonia giving way
to hypertonia and the development of early post-stroke
spasticity. Regardless of its severity, post-stroke
spasticity (PSS) further restricts functional activity and
reduces the effectiveness of rehabilitation, as spastic
muscles tend to remain in a shortened position for
prolonged periods, thereby limiting voluntary
activation of antagonist muscles [1].

Coordinated voluntary movements of the upper
and lower limbs, which enable object manipulation and

2. Materials and methods

This study was conducted as a narrative literature
review. The literature search was performed using
PubMed/MEDLINE, the Cochrane Library, Scopus,
Web of Science, and Google Scholar. The primary
search period covered publications from 1 January 2020
to July 2026, allowing the review to focus on
contemporary research into the pathogenesis,
prevalence, and treatment of post-stroke spasticity.
Earlier publications were also consulted where
necessary to describe fundamental principles, the
historical development of knowledge about spasticity,
and previously established concepts.

The search strategy wused combinations of
keywords, terms, and synonyms relevant to the main
topics of the review. Search queries included the
following terms: spasticity, post-stroke spasticity,
stroke, pathogenesis, epidemiology, extracorporeal
shock wave therapy, ESWT, rehabilitation.

The search strategy comprised several interrelated
thematic components. The first focused on identifying
studies addressing the epidemiology and prevalence of

locomotion, are complex, multicomponent processes
governed by a multilevel system of neurophysiological
regulation. Recovery of upper- and lower-limb motor
function requires prolonged, intensive rehabilitation
programmes involving repetitive practice to promote
sensorimotor learning, motor cortex reorganization,
and  neuroplasticity. However, conventional
approaches relying primarily on therapeutic exercise
and passive interventions are often insufficient to
achieve sustained clinical benefits.

Despite the wide range of contemporary treatment
options, the principles of spasticity management
remain a subject of debate. Furthermore, adequate
control of spasticity is not always achieved. The limited
duration of therapeutic benefits and the adverse effects
of pharmacological treatment underscore the need for
further research into highly effective interventions,
particularly those targeting peripheral muscular factors
that contribute to spasticity [2-5].

Developing effective treatments requires an
understanding of the specific mechanisms underlying
increased muscle tone, as these mechanisms should
guide the selection of therapeutic targets.

Accordingly, this narrative review aims to examine
current evidence on the epidemiology and
pathophysiological ~mechanisms of  post-stroke
spasticity, =~ summarize contemporary treatment
approaches, evaluate the effectiveness of extracorporeal
shock wave therapy (ESWT), and synthesize current
understanding of its proposed mechanisms of action.

post-stroke spasticity, including its incidence at
different time points after stroke and associated risk
factors. The second covered publications on the
pathophysiological and neurophysiological
mechanisms  underlying  spasticity,  including
alterations in the central and peripheral regulation of
muscle tone, sensorimotor control, and the mechanical
properties of muscle tissue. The third focused on
identifying studies investigating the treatment of post-
stroke spasticity.

The review included original clinical studies,
randomized controlled trials, prospective and cohort
studies, observational studies, systematic reviews, and
meta-analyses reporting data directly relevant to its
thematic sections. The epidemiological assessment
drew on studies evaluating the prevalence or incidence
of post-stroke spasticity, including at different time
points after stroke. The assessment of ESWT
effectiveness included studies measuring spasticity
severity, muscle tone, motor function, range of motion,
functional independence, and instrument-based
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outcomes,  including
ultrasound assessments.

Publications were selected according to their
relevance to the review topic, scientific rigour,
methodological quality, study design, patient
characteristics, and the clinical relevance of their
findings. Priority was given to recent studies and
publications providing high levels of evidence,
including systematic reviews, meta-analyses, and
randomized controlled trials.

electrophysiological ~ and

3. Results

Epidemiology

A comprehensive review of the literature indicated
that 30-80% of stroke survivors develop post-stroke
spasticity [4,5]. European and Asian studies have
reported prevalence estimates ranging from 7% to 38%
over an 18-month follow-up period [6,7].

Among patients with paresis, spasticity has been
reported in 4-27% during the early post-stroke period,
from weeks 1 to 4, in 19-27% during the subacute phase,
and in 17-43% during the chronic phase [8]. In two
studies conducted in Germany and Sweden, the
prevalence of spasticity among patients with initial limb
paresis after stroke was 42% at six months and 46% at
12 months, respectively [9,10]. Meanwhile, complete
recovery at six months after stroke is achieved in only
20% of cases [11]. Patients with post-stroke spasticity
generally require long-term care and therapeutic
interventions, highlighting substantial unmet needs for
healthcare and social support. The high prevalence of
spasticity underscores the need to investigate its
pathophysiology and treatment.

Several authors have identified severe paresis,
greater disability, and greater stroke severity at baseline
as the principal predictors of subsequent spasticity,
which develops in more than one-third of patients [12].
The volume of intracerebral haemorrhage or cerebral
infarction and scores on neurological assessment scales
also play a significant role in the development of
increased muscle tone [13]. Clinical assessment tools
used in stroke units, such as the National Institutes of
Health Stroke Scale (NIHSS), the modified Rankin Scale
(mRS), and the Mini-Mental State Examination
(MMSE), may facilitate the early identification of
patients at high risk of post-stroke spasticity [14].
Evidence suggests that severe spasticity is more
common among patients with left-sided paresis,
smokers, patients with depression, and those with more
severe upper-limb motor impairment [15].

Pathophysiological =~ Mechanisms  of  Post-Stroke
Spasticity

In 1980, J. W. Lance defined spasticity as a motor
disorder characterized by a velocity-dependent increase

As this study was a narrative review rather than a
systematic review or meta-analysis, no formal
systematic study selection process involving the
sequential quantification of excluded studies was
undertaken. Accordingly, a PRISMA flow diagram was
not used. Sources were selected through targeted, topic-
based searches, followed by expert assessment of their
relevance and scientific rigour.

in tonic stretch reflexes, accompanied by exaggerated
tendon reflexes resulting from stretch reflex
hyperexcitability, as a component of the upper motor
neuron syndrome [11]. However, this definition did not
explicitly address the sensory component. In 2005, the
SPASM project group proposed a definition
emphasizing impaired sensorimotor control resulting
from an upper motor neuron lesion and manifesting as
intermittent or sustained involuntary muscle activation.
In 2018, a broader definition was proposed, describing
spasticity as involuntary muscle overactivity in the
presence of paresis of central origin.

The literature identifies two interrelated levels of
regulation involved in the development of spasticity:
spinal and supraspinal. Brain regions involved in motor
control —including the primary motor cortex, premotor
cortex, supplementary motor area, posterior parietal
cortex, and primary somatosensory cortex—contribute
to sensorimotor processing and the generation and
transmission of motor commands. However, isolated
lesions in these cortical regions are insufficient to
produce spasticity [16].

Spasticity is associated not only with increased
muscle tone due to neurally mediated hyperreflexia but
also with alterations in the mechanical properties of
muscles. Changes in muscle mechanics and in the
properties of collagen and tendons develop gradually
and may contribute to increased resistance to
movement as an adaptive response secondary to
paresis. Changes in motor units and their contractile
properties may reflect adaptation to alterations in the
intrinsic properties of muscle tissue. Following the
onset of post-stroke paresis, muscles may remain in a
shortened position, and their fibres may exhibit
increased stiffness compared with those of unaffected
individuals. These adaptations may facilitate force
production at shorter muscle lengths, partially
compensating for motor weakness and enabling
movement at a simpler level of motor organization [17].
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Treatment Approaches for Spasticity

When muscle spasticity is identified, particularly
when it progresses, interventions aimed at reducing it
should be incorporated into the rehabilitation
programme [18]. However, not all cases of spasticity
require treatment. Treatment is appropriate when
spasticity causes substantial motor impairment, marked
difficulty maintaining posture, pain, or difficulties with
patient care. In addition to reducing muscle tone and
improving passive mobility, treatment may reveal
residual voluntary motor activity that is masked by
increased muscle tone or spasticity of antagonist
muscles.

The management of patients with spasticity
requires a comprehensive approach delivered by a
multidisciplinary team in collaboration with the patient
and their family. Rehabilitation interventions should be
combined to maximize functional improvement [19].
Regardless of the clinical presentation of post-stroke
spasticity, treatment should be initiated when clear
indications are present and intervention is necessary to
address its harmful consequences.

The primary treatment goal in all cases is to reduce
abnormal sensory input, thereby decreasing excessive
a-motoneuron activity—a principle based on the
underlying pathophysiology.

The main treatment approaches include:

— physical interventions, including patient care,
physiotherapy, occupational therapy, therapeutic
positioning, therapeutic exercise, stretching, orthotic
management, and splinting;

— pharmacological therapy;

— surgical interventions;

— botulinum toxin therapy [20].

Combining  different treatment modalities
generally yields the greatest therapeutic benefit [21-23].

Pharmacological therapy primarily aims to reduce
muscle hypertonia, whereas non-pharmacological
interventions focus on improving functional activity by
addressing soft tissues, joints, and movement patterns.
These interventions contribute to the prevention of
contractures, deformities, pain, and secondary
complications.

Pharmacological treatment includes muscle
relaxants and antispastic agents. However, their
effectiveness is limited, and prolonged use may require
dose escalation to maintain clinical benefits. This may
increase the frequency and severity of adverse effects.
Centrally acting muscle relaxants may cause sedation
and hypotension, which often limit their use in clinical
practice [24,25]. When spasticity is focal and systemic
muscle relaxants are undesirable, local interventions are
preferred. Botulinum toxin therapy offers an alternative
to systemic antispastic medication. Although

botulinum toxin is an exceptionally potent neurotoxin,
it is a safe and effective treatment for post-stroke
spasticity in adults when administered at appropriate
therapeutic doses [26].

The effectiveness of botulinum toxin therapy for
spasticity has been demonstrated in several
randomized, double-blind, placebo-controlled trials.
Treatment is generally well tolerated, with a low risk of
adverse effects, and allows targeted injections into one
or more muscles, with the dose individually adjusted
for each muscle. Botulinum toxin therapy may also
modulate cortical excitability, potentially mitigating
maladaptive plasticity and helping to prevent
contractures. Ultrasound guidance improves injection
accuracy and procedural safety. Adherence to
ergonomic principles during ultrasound-guided
injections promotes patient comfort and reduces the
risk of work-related injuries among clinicians [27].
However, the use of botulinum toxin therapy is limited
by the high cost of the drug, the need for appropriately
trained healthcare professionals, and the requirement
for repeated injections to maintain therapeutic benefits.

Physiotherapy interventions aim to reduce
spasticity and improve muscle control. In recent
decades, non-invasive interventions have gained
increasing attention in the management of spasticity.
One such intervention is extracorporeal shock wave
therapy (ESWT). ESWT involves the delivery of a series
of acoustic pulses, characterized by high peak pressure
and a rapid rise in pressure, to a specific target area
using a shock wave generator [28].

The literature describes several proposed
mechanisms underlying the effects of shock wave
therapy on spastic muscles. These mechanisms are
multifactorial and encompass both mechanical and
biological effects. At the muscle tissue level, disruption
of actin-myosin interactions has been proposed,
alongside a reduction in connective tissue stiffness. The
physical effects of ESWT include cavitation, tissue
microtrauma, and mechanotransduction, which may
initiate a cascade of biological responses, including
changes in neurotransmitter expression [29,30].

ESWT has also been reported to influence
angiogenesis, inflammation, and connective tissue
remodelling, potentially improving the functional
properties of muscles and surrounding structures.
Increased nitric oxide synthesis may promote the
formation of new blood vessels and capillary networks
in muscles and tendons. Effects on synaptic plasticity
have also been proposed, potentially contributing to the
formation of new neuromuscular connections [31].

All studies reviewed reported reductions in
spasticity severity and muscle tone. In a systematic
review and meta-analysis published in 2023, Ou-Yang
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et al. concluded that ESWT was effective in reducing
post-stroke spasticity, with therapeutic benefits lasting
up to approximately three months and associated
improvements in limb motor function. The analysis
included 13 studies involving 677 participants [32].

Several studies have reported benefits from
combining ESWT with other interventions, including
therapeutic exercise, botulinum toxin therapy,
functional electrical stimulation (FES), and other
device-based physiotherapy modalities. Bumbea et al.
conducted a retrospective observational study
involving the medical records of 52 patients. The control
group received galvanic stimulation and electrical
stimulation of flaccid upper-limb muscles, including
the finger extensors, extensor carpi radialis longus, and
extensor carpi ulnaris. The intervention group
underwent a rehabilitation programme combining
galvanic stimulation of the paretic upper limb, FES of
flaccid upper-limb extensors, and ESWT applied to
spastic upper-limb flexors.

Treatment effectiveness was assessed using
dynamometry, goniometry, the Ashworth and Tardieu
scales, and a handgrip test. Patients received ten
treatment sessions using the same parameter
progression. ESWT was initiated at a pressure of 0.5 bar
and a frequency of 5 Hz, with 300 pulses per session.
These parameters were progressively increased to 1.5
bar, 10 Hz, and 1,000 pulses per session applied to the
target muscle groups. The intervention group showed
greater improvements than the control group.
Following combined ESWT and FES, handgrip
performance increased from 0.28 + 0.28 to 0.99 + 0.36 (p
< 0.001). The treatment effect remained evident after
accounting for the control group’s more favourable
baseline clinical status. Muscle strength increased from
0.39 +0.54 to 7.67 + 3.89 (p < 0.001) [33].

Lee et al. reported greater reductions in spasticity
and significantly lower Ashworth Scale scores among

patients receiving botulinum toxin injections combined
with ESWT than among those receiving botulinum
toxin injections alone. However, between-group
differences in effectiveness were no longer evident over
time. Therapeutic benefits persisted for approximately
three months [34].

Tabra et al. (2021), Fan et al. (2024), and Yang et al.
(2024) used electrophysiological assessments based on
the ratio of maximal H-reflex amplitude to maximal M-
wave amplitude (Hmax/Mmax). A reduction in this
ratio following treatment suggests changes in a-
motoneuron excitability and may reflect modulation of
spinal mechanisms regulating muscle tone [35-37].

A randomized controlled trial published in
January 2026 investigated the effects of ESWT
combined with a neuroplasticity-based training
protocol on lower-limb spasticity after stroke,
incorporating ultrasonographic assessment.
Participants received six weekly ESWT sessions, each
delivering 1,500 pulses at 5 Hz with an energy flux
density of 0.10 mJ/mm?. Outcomes were assessed at
weeks 6 and 12. Improvements in Ashworth Scale
scores, lower-extremity Fugl-Meyer Assessment scores,
and ultrasonographic measures supported the
effectiveness of the combined intervention [38].

Yang et al. (2024) reported a dose-dependent effect
of ESWT. In their study involving 39 patients with
spasticity, the group receiving twice the number of
pulses achieved better functional outcomes than the
control group [37]. Furthermore, Ke et al. (2026)
reported a potential advantage of treatment at 4 Hz over
10 Hz [39].

Senarath et al. demonstrated the effectiveness of
ESWT in the chronic phase of stroke, whereas Brunelli
et al. suggested that ESWT is most effective when
applied during the early stages of post-stroke spasticity
[40,41].

The key studies are summarized in Table 1.

Table 1 - Potential benefits of shock wave therapy for upper- and lower-limb motor function

Study authors, year Stu.dy Treatment site and Outcome Main findings
design parameters measures
ESWT is effective in addressing the
1,500 pulses; 1.5 peripheral component of spasticity
Leng Y, Lo WLA, Hu C, RCT. n = bar; 0.038 mJ/mm? through changes in muscle
Bian R, Xu Z, Shan X, 2,’7 4 Hz; 15 mm MAS, FMA mechanical properties. The optimal
Huang D, Li L., 2021 [4] Forearm flexor intervention protocol should account
muscles for both neural and non-neural
factors.
2,000-3,000 pulses MAS; ESWT is a valuable adjunctive
Tabra, S.A.A., Zaghloul, RCT,n= at 0.25-0.54 electromyographi treatment for post-stroke hand and
M.I. &Alashkar, D.S., 2021 ! mJ/mm?; 2.8 bar; 15 yograp . . P -
40 . c assessment of wrist spasticity, with improvements
[35] Hz Upper-limb

muscles

Hmax/ Mmax in functional activity.
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Table 1 (Continuation) -- Potential benefits of shock wave therapy for upper- and lower-limb motor function

Study authors, year Study Treatment site and Outcome measures Main findings
design parameters
2 Ises; 1.
Brunelli, S., /000 pulses; 1.5 Early ESWT for post-stroke spasticity
. . bar; 10 Hz . .
Gentileschi, N., RCT, n= . prevents its progression and reduces
. Upper-limb MAS . .
Spano, B.et al,2022 40 . the use of oral antispastic
muscles: biceps and I
[41] medication.
forearm muscles
1,500 pulses; 0.03
Senarath, I. D., . mJ/mm?2 5 Hz ESWT is effective for chronic post-
Thalwathte, R.D., Blinded Upper-limb stroke upper-limb spasticity. Patients
Pathirage, M., & RCT, n = PP MAS, FMA-UE, ARAT PP pasticity. Fat
muscles: upper-arm showed improved hand function
Kularatne, S. A. 2023 95 .
[40] muscle and forearm compared with TENS therapy.
flexors
Yuan, Z.; Luo, J.; 3,000 pulses; 1.1-1.3 Eiwzel?;;e;ili zit;lztlzl;hzz‘fs
Cheng, Q-F.; Zhang, RCT, n =60 bar; 8-14 Hz MBI, FMA PP ror TACHON,
. improves patients’ functional
Q., 2023 [32] Upper limb .
capacity.
MAS; Hmax/ Mmax
Treatment ratio; root mean square;
Fan T, Chen R, Wei parameters not co-contraction ESWT may alleviate upper-limb
RCT, n=95 . L .
M, et al. 2024 [36] reported coefficient; muscle spasticity in stroke survivors.
Upper-limb flexors =~ mechanical parameters
and temperature
4 dl;lrzl;iinesfgg égi)x Botulinum toxin A injection with
Lee, J.; Yang, S.N., y ) MAS, UE-FMA, MBI, adjunctive ESWT produced marked
RCT,n=16 mJ/mm?; 1,000 . .. .
2024 [34] ulses ARAT improvements in distal upper-limb
P flexor spasticity.
Upper-limb muscles
4 Hz; energy flux
dOe ?ztltym(;i?{ii_ A double dose of ESWT is more
200 0 ulses: control MAS, MTS, ankle effective than a single dose in
Yang, SM., Chen, Double- ! P rou. ROM, TUG test, MBI, improving functional outcomes and
YH,, Lu, YL. etal, blind RCT, 40 OgO uI:l)seS' and strain elastography elastographic measures. ESWT
2024 [37] n=239 | TP ) of the plantar flexor demonstrates dose-dependent
intervention group muscles effectiveness in managing spastici
Lower-limb . &g 5p v
in stroke survivors.
muscles:
gastrocnemius
Both a single ESWT session and a
. 4 and 10 Hz: 2 bar: MAS, passive ROM, three-week treatment course safely
Ke M., Zhou, P., Li, RCT. n =30 2 000 pulses ankle clonus scale, reduced ankle plantar flexor
D. et al. 2026 [39] ’ Lowe’r linf"b muscles MGF, LGF, MGS, LGS, spasticity. The findings suggest a
FMA-LE, VAS potential advantage of 4 Hz over 10
Hz.
Initially 0.5 bar and
Bumbea, A.M.; 5.HZ,.apphed . Com"bl'ned FES aer ESWT prOV}ded
.. R . longitudinally, with additional benefits for upper-limb
Trdistaru, R Tartea,  Retrospecti 300 pulses per rehabilitation compared with
E-A;Dan, A.O; ve szssion'p conventional electricaﬁ stimulation
Turcu-Stiolica, A.; observatio L mRS, MAS, MTS, VAS . . . :
. Ny progressively Targeting spastic flexors with ESWT
Matei, D.; Patru, S.; nal study, . . Do
. increased to 1,000 while activating weakened extensors
Bumbea, B.S.; Daia, n=>52

C.0., 2026 [33]

pulses per session
at 1.5 bar and 10 Hz
Upper-limb muscles

with FES may provide additional
functional benefits after stroke.

Note. ARAT, Action Research Arm Test; FES, functional electrical stimulation;, FMA, Fugl-Meyer Assessment; MAS,
Modified Ashworth Scale; MBI, Modified Barthel Index; MGF, medial gastrocnemius oscillation frequency; MGS, medial
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gastrocnemius dynamic stiffness; mRS, modified Rankin Scale; MTS, Modified Tardieu Scale; LGF, lateral gastrocnemius
oscillation frequency; LGS, lateral gastrocnemius dynamic stiffness; n, number of participants; RCT, randomized controlled trial;
ROM, range of motion; TUG, Timed Up and Go; UE, upper extremity; VAS, visual analogue scale for pain. Additional
abbreviations used in the table: LE, lower extremity; TENS, transcutaneous electrical nerve stimulation; Hmax/Mmax, ratio of
maximal H-reflex amplitude to maximal M-wave amplitude; ESWT, extracorporeal shock wave therapy.

4. Discussion

The findings confirm that post-stroke spasticity is
a common and clinically significant complication of
stroke. Its reported frequency varies according to the
duration of follow-up, the severity of motor
impairment, and the diagnostic criteria used. Patients
with severe paresis and substantial functional
impairment are at greater risk of developing spasticity.
These findings underscore the need for early
identification of patients at risk and timely
implementation of interventions aimed at controlling
spasticity.

The literature reviewed supports the effectiveness
of extracorporeal shock wave therapy and its potential
for further use in the management of post-stroke
spasticity. In most studies, ESWT was associated with
reductions in muscle tone and improvements in motor
function. All studies reported improvements in
Modified Ashworth Scale scores. Furthermore, most
studies demonstrated improvements in motor function
and functional independence, as assessed using the
upper- and lower-extremity Fugl-Meyer Assessment,
the Action Research Arm Test (ARAT), the Timed Up
and Go (TUG) test, and the Modified Barthel Index.
However, these findings should be interpreted in light
of the substantial heterogeneity of the study protocols.

One of the principal challenges is the absence of a
standardized ESWT protocol for post-stroke spasticity.
The studies reviewed differed in treatment frequency,
energy flux density, pressure, number of pulses,
number of sessions, intervals between sessions, and
treatment sites. This variability limits direct
comparisons across studies and makes it difficult to
determine optimal treatment parameters.

5. Conclusions

This literature review indicates that post-stroke
spasticity is a common complication of stroke.
However, prevalence estimates vary considerably
depending on the timing of post-stroke follow-up, the
severity of neurological deficits, and the diagnostic
criteria used. Patients with substantial motor deficits
and severe functional impairment are at greater risk of
developing spasticity.

Post-stroke spasticity is a multifactorial condition
involving impaired central regulation of muscle tone,
alterations in spinal reflex mechanisms, and secondary
peripheral changes in muscles and soft tissues. These

The available evidence also suggests that the
clinical benefits of ESWT may be associated not only
with changes in the mechanical properties of spastic
muscles but also with effects on the neurophysiological
mechanisms regulating muscle tone. Reductions in the
Hmax/Mmax ratio reported in several studies suggest
possible changes in a-motoneuron excitability and
spinal regulatory mechanisms. However, these findings
require further confirmation in studies using
standardized electrophysiological protocols.

The wuse of ESWT within comprehensive
rehabilitation ~ programmes particular
attention. Studies combining ESWT with functional
electrical stimulation, therapeutic exercise, botulinum
toxin therapy, or neuroplasticity-based training suggest
potential additional functional benefits. Nevertheless,
the designs and sample sizes of most such studies do
not allow the independent contribution of ESWT to the
overall treatment effect to be clearly established.

The reported persistence of therapeutic benefits for
several months is clinically relevant; however, the
duration of these benefits remains insufficiently
investigated. Short follow-up periods in some studies
and differences in the timing of outcome assessments
make it difficult to determine the durability of
treatment effects.

Overall, the available evidence supports further
investigation of ESWT for post-stroke spasticity. Larger
randomized controlled trials with standardized
protocols and extended follow-up are needed to
establish optimal treatment parameters, treatment
course duration, session frequency, and the duration of
therapeutic benefits.

warrants

mechanisms underscore the need for a comprehensive,
individualized approach to treatment.

The principal treatment goals are to reduce
pathological muscle tone and pain, preserve range of
motion, prevent contractures and deformities, improve
motor  activity, and facilitate patient care.
Pharmacological treatment, botulinum toxin therapy,
physiotherapy, and rehabilitation interventions are
selected according to each patient’s clinical
characteristics.

The published evidence suggests that ESWT may
be effective in reducing spasticity severity and
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improving selected measures of motor function after
stroke. Nevertheless, study findings are heterogeneous,
and ESWT is primarily regarded as an adjunct to
comprehensive rehabilitation.

Proposed mechanisms of action include effects on
neuromuscular transmission, the mechanical properties
of muscles and connective tissue, local blood
circulation, and neuroplasticity. However, the
contribution of each mechanism has yet to be
established and requires further experimental and
clinical investigation.

Existing studies are limited by small sample sizes
and differences in ESWT protocols, treatment
parameters, outcome measures, and follow-up
duration. Multicentre randomized controlled trials
using standardized ESWT protocols, consistent clinical
and instrument-based outcome measures, and
extended follow-up are needed to establish the
durability of therapeutic benefits and the independent
contribution of ESWT to rehabilitation outcomes.
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Tyiingeme

VHCyABTTeH KelliHTi CrlacTMKaABIK CMHAPOM MHCYABTTIH KeH TapaAfaH acKbIHYAapbIHBIH Oipi 604BIIT TaObLAaABI
JKoHEe KO3FaAbIC 0eAceHAiAiriH, PyHKUMOHAAABIK TOYeACI3AiKTi JKoHe OHAATYABIH TMIMAIAiriH mekreriai. Oprypai
eMJey odJicrepiHiH OoayblHa KapaMacTaH, CIACTMKaAblK CHHAPOMHBIH OpTaAbIK >KoHe IIepudepusaabK
MexaHI3MAepiHe OaFbITTalFaH eMAey TociaAepiH OHTalAaHABIPY KaKeTTiiri cakraayaa.

IMoayably, ~ MakcaTbl: MHCYABTTeH  KeMiHIT — CIIacTUKaAbK CHUHAPOMHBIH — SIINAEMMOAOTUACH  MeH
MaToPpU3NOAOTUAABIK MeXaHM3MJepi KeHiHJeTi 3aMaHay! JgepeKTepre HappaTUBTI IIOAY JKYPri3y, OHBI eMAeyaiH
Kasipri TociadepiH KMHaKTay, SKCTPAKOPIOPaAAbl COKKBI-TOAKBIHABIK, TepanusHblH (DCTT) tuimaiairin 6arasay
SK9HE OHBIH BIKTUMAaA 9cep eTy MeXaHU3MAepi Typaasl Ka3ipri TycCiHikTepai xKylieaey.

Oaicrepi. Oaednerrepai isgey PubMed/MEDLINE, Cochrane Library, Scopus, Web of Science >xone Google
Scholar aepexrep 6azasapsiHaa Ky priziaai. Herisri isaey xeseni 2020 >xbrarbI KaHTapAaH 2026 >KBIAFEI ITiA4€Te AeTiHTi
KapusAAaHbIMAapasl KaMThiAbl. Kaker OoafaH >Kardaiida OyJaH epTepeK >KapusAJlaHFaH JepeKkeszep Je
nangaaansiagsl. 1loayra paHgomMmsanmsdaHFaH OaKblAaHATBIH 3epTTeyAep, IIPOCHEKTMBTI, KOTOPTTHIK >KOHE
OaKkbplaayABIK 3epTTeyAep, COHAall-aK Kylieai moayaap MeH MeTa-TaljayAap eHriziaai.

Hatmxeaepi. MIHcyAbTTeH KeifiHTi cacTMKaABIK CMHAPOMHBIH TapaAy >Kuiairi Oakblaay KeseHiHe, KO3FaabIC
OY3bLABICTAPBIHBIH aybIPABIFBIHA >KoHe AMarHOCTUMKAaABIK KpuUTepuiidepre OalfAaHBICTBI ailTapAbIKTall e3repedi.
AVIKBIH ITape3i >XoHe ayblp PYHKIIMOHAAABIK Oy3BLABICTaphI Oap HayKacTapAa CIIacTMKaAbIK CMHAPOMHBIH 4aMy KayIii
>Korapel Ooaagnl. 3eprreyaepai Taagay DCTT OyamibikeT TOHYCHI MeH CIACTMKAABIK CHHAPOMHBIH aybIPbIFbIH
TOMEeHAeTyMeH KaTap, KO3FaAbIC KbI3METIiHIH >KeKeJereH KOPCeTKIIITepiH >KaKcapTyfa bIKIIaA €TeTiHiH KepceTTi.
bipkarap seprreyaepae 6ya acep OipHerre aiira Aeitin cakTaaraH. DCTT-HBIH HIKTHMaA acep eTy MeXaHM3MJepiHe
OyAIIIBIKeTTep MeH JoHeKep TiHAepAiH MexaHMKaAblK KacueTTepiHe, >Kylike-OyAIIbIKeT OepiiciHe, >KepTidikTi KaH
aifHa/ABIMbIHA JK9He HelfpoIlAacTUKaABIK YAepicTepre acep eTy KaTajbl.

Kopsorteiaabl. DCTT uHCyABTTEH KeiiHTi CrIacTMKaABIK CMHAPOMBI Oap HayKacTapAbl KellleHAi OHaATYAbIH
Goaamarsl KOCBIMINA dJici Ooapim TaOblaaAbl. Aaaiija eMAey ITapaMeTpAepiHiH opKeaKiairi, sepTrey yariaepiHin
IIaFplH OOAYHI KoHe Oakblaay Ke3eHiHiH INeKTeyAi Y3aKTBIFBI OHTallABl eMJey XaTTaMachblH aHBIKTayFa MYMKIiHAIK
Gepmerigi. CraHgapTTadfaH emJey IapaMeTpJepi >koHe y3aK Mep3imai Oaxplaaybel ©Oap KOIIOPTaABIKTHI
paHAOMM3alMsAAaHFaH OaKblAaHATBIH 3epTTeyep XKYPrisy Kaxer.

Tyitin ce3aep: cracTuKaAbIK CUHAPOM, MHCYABTTeH KeWiHIi CIacTMKAaAblK CUMHAPOM, MHCYABT, IaTOTeHe3,
SIIAEMUOAOTUS, BKCTPaKOpIIOpaaAbl COKKBI-TOAKBIHABIK Tepanust, DCTT, oHaary.

ITaToreHeTMuecKye MeXaHU3MBbl, SIIAE€MUOAOTHSI VI COBpeMeHHbIe CTpaTermy AedeHs
CIIaCTUYHOCTM C IIpYIMeHeHVeM 9KCTpaKOpHopaabHOM yAapHO-BOAHOBOM Teparimin:
HappaTusHbiii 0030p
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Pesiome

ITocTnHCYABTHAS CITAaCTUYHOCTH SABASETCS PaclIpOCTpaHEHHBIM OCAOXKHEHMeM MHCYAbTa, OTpaHMYMBaIOIIIM
ABUTaTeABHYIO aKTMBHOCTD, (PYHKIIMOHAABHYIO He3aBMCUMOCTh M 3¢PeKTUBHOCTh peabuantarnun. Hecmorps Ha
HaAundye pa3ANMdHBIX METOAOB AedeHNs], COXpaHseTCsl HeoOX0AMMOCTh ONTUMU3AINH II0AX0A0B, HallpaBAe€HHBIX KaK
Ha IIeHTpaAbHBIE, TaK I Ha Neprdeprdeckite MexaHM3MbI CIIaCTIMIHOCTH.

Ileap oOzopa: IpoOaHaAM3MPOBATh COBpeMEHHEBIe AaHHBle 00 SIUAEMMOAOTMM ¥ IaTO(PU3MO0A0THMIECKIX
MeXaHM3MaX IIOCTMHCYABTHONM CIIaCTUYHOCTY, OOOOIIUTH ITOAXOABl K ee JAedeHMIO, OLeHUTh D(PPeKTUBHOCTH
SKCTPaKOPIIOpaAbHON  yAapHO-BOAHOBON Teparmu (DYBT) m  cucrematusuposaTh  IpeACTaBA€HUS O
IpeAIIoAaraeMbIX MexaHI3Max ee JeMCTBI.

Mertoapr. ITouck aurteparypst nposoguacs B 6azax PubMed/MEDLINE, Cochrane Library, Scopus, Web of
Science n Google Scholar. OcHOBHOII ITIep104 ITONCKa BKAIOUaA nyoAnKanmu ¢ ssueapst 2020 roga 1o nioas 2026 roga.
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IIpn HeOOXOAMMOCTM MCIIOAB30BAAUCh DOJee paHHNE VCTOYHNUKN. B 0030p BKAIOWAAMCH pPaHAOMU3MPOBAHHEIE
KOHTPOAMPYEMBIe, IIPOCIIEKTUBHBIE, KOTOpTHEIe U HabAlOAaTeAbHbIE MCCAeAOBAHMS, a TaKKe CHUCTeMaTdecKie
0030pBI 1 MeTaaHAAUSBI.

PesyapraTsl. PactipocTpaHeHHOCTD ITOCTUHCY ABTHOV CITACTVYHOCTY CYIIIECTBEHHO BapbUpPYeT B 3aBUCUMOCTI OT
reproja HaOAIOAEHNs, TSKECTU ABUTATEABHOTO AepUIINTa M AMAarHOCTUMYECKUX Kpurepues. bozee BHICOKMIT PUCK
OTMedYaeTcsl IIp!U BEIPaskeHHOM IIape3e M TSKeABIX PYHKIIMOHAALHBIX HapyIIeHMsX. AHaAU3 UccAe0BaHMII ITIOKa3adl,
gyr0o DYBT conpoBo>kAaeTcs CHYDKEHNEM MBIIIIEYHOTO TOHYCa U BBIPaXKeHHOCTHM CITAaCTUYHOCTY, a TaKKe yAydIIeHeM
OTJe/ABHBIX IIOKa3aTeleil ABurareAbHON (PYHKIUM. DPPEeKT B pside UCCAeJOBAaHUII COXPAHAACT A0 HECKOABKUX
Mecsues. [lpeanosaraeMble MexaHM3MBI BKAIOYAIOT BO3JAEVICTBME Ha MeXaHMYECKME CBOVICTBA MBIIII] 1
COeAVHUTEABHOV TKaH!, HEPBHO-MBIIIIEUHYIO Ilepejady, A0KalbHOe KPOBOOOpalleHNe 1 HeIPOILA1aCTUIHOCTb.

BoBoanl. DYBT sBasteTcs IepCHEKTUBHBIM AOIOAHUTEABHBIM MeETOAOM KOMILAEKCHON peaduanTanmu
MMallIeHTOB C IIOCTMHCY/ABTHOM CHacTUYHOCThIO. OJHaKO HEOAHOPOAHOCTh IIapaMeTpOB JedeHus, HeOOAblIe
BRIOOPKM 1 OTpaHMYEHHasl AAUTEABHOCTb HaOAIOAeHNMS He II03BOASIOT OIpeAeANUTb ONTUMAABHBINA ITPOTOKOA.
Heo6x041MBI MHOTOLIEHTPOBBIE paHAOMU3NMPOBaHHbIE MCCAeJ0BaHI CO CTaHAAPTU3MPOBAaHHBIMIY ITapaMeTpaMU U
AANTEAbHBIM HaOAIOAEHVIEM.

KarodeBble caoBa: CrIacTMYHOCTB, ITOCTMHCY/ABTHAsl CIIACTMYHOCTh, MHCYABT, IIaTOTEHe3, SIMAEMUOAOINS,
BKCTpaKOpIIOpalbHasl yAapHO-BOAHOBas Tepanust, DYBT, peabuanrans.
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