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Abstract. Aim: The aim of this study was to evaluate the efficacy and safety of radial extracorporeal shock wave therapy (rESWT)
in the treatment of spasticity in patients with cerebral palsy.
Methods: Fifteen patients with spastic cerebral palsy, 12 men and 3 women, aged 10–46 years (mean age 31). The 15 patients
presented 40 spastic muscles that were divided in three groups using a computerized random-number generator. The first group,
received rESWT in spastic muscle. The second group received rESWT in spastic muscle + rESWT in antagonist muscle. The third
group received placebo. Range of motion and Ashworth Scale were performed. This study is a randomized, placebo-controlled
clinical trial. The patients were treated in 3 sessions at intervals of one week.
Results: There are significant differences between groups treated with rESWT and group placebo. A significant decrease in the
Ashworth Scale, an increase in the range of motion, were observed in all patients that were treated with rESWT. Positive results
were maintained for at least 2 months after treatment.
Interpretation: The treatment with rESWT is more effective than placebo in decreasing spasticity of patients with CP.
Keywords: Cerebral palsy, spasticity, extracorporeal shock wave therapy, hypertonia, muscle tone

1. Introduction
Cerebral palsy (CP) describes a group of permanent
disorders of the development of movement and posture,
causing activity limitation, that are attributed to non
progressive disturbances that occurred in the developing fetal or infant brain. The motor disorders of cerebral
palsy are often accompanied by disturbances of sensation, perception, cognition, communication, and behavior, by epilepsy, and by secondary musculoskeletal
problems [1]. CP affects between 1.5 and 2.5 per 1000
live births and is thought to be the most common cause
of severe physical disability in childhood [2,3]. The
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spastic motor type is the most common form of CP [4].
Spasticity is a motor disorder characterized by a velocity dependent increase in tonic stretch reflexes (muscular tone) with exaggerated tendon jerks, resulting from
hyperexcitability of the stretch reflex [5]. The sustained
contraction of the spastic muscle groups, will result in
permanent contractures and skeletal deformities, that
cause the limitation of patient activity [6] Therefore,
treatment of spasticity plays an important role in the
management of patients with CP. Conventional treatment of spasticity may include passive stretching [7,8],
serial plastering [9,10], splints [11,12], pharmacologic
treatment [13–16], and botulinum toxin [17–21] Despite all the existing treatments, we believe that shock
wave therapy, being a non-invasive therapy may be an
interesting alternative in the treatment of spasticity.
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Fig. 1. Upper limb muscles. Median improvement 2 months receiving treatment There are significant differences between group agonist and
group placebo.

Shock waves are a sequence of acoustic pulse, with
a high peak pressure (100 MPa), and a short life cycle
(10 ms). The therapeutic effect of radial shock waves
occurs a few centimeters deep to the skin surface (0 to
3.5 cm) [22] Different studies have demonstrated the
efficacy of shock waves in treating pathologies of the
musculoskeletal system such as chronic tendinopathies
or hypertrophic pseudoarthrosis [23–32]. Two recent
studies have also demonstrated the effectiveness of
shock waves in the treatment of spasticity. In the first
of these studies, hypertonia reduction of the wrist and
fingers muscles was observed, in patients affected by
stroke [33]; in the second, a significant long-lasting
reduction in hypertonia in the plantar flexors in children with CP was reported [34]. These studies suggest
that spasticity can be reduced after application of shock
waves. In April 2008, in the absence of literature in
the field of CP we conducted an evaluation with three
patients of ASPACE Barcelona, to which we applied
shock waves in the muscle groups that were more spastic, mainly antigravity muscles, biceps brachii in the
upper limbs, and in the lower limbs, sural triceps. The
clinical results were a reduction of spasticity immediately after application and improvement of extensibility, results were maintained for a month which is the
time of the first contact with this technique. After presenting these data at the world shock wave congress
held in Monaco in June of 2008 and see the great impact it has caused, we decided to start this study in
October 2008. We aim to evaluate in a randomized,

placebo-controlled clinical trial, the efficacy and safety
of radial extracorporeal shock wave therapy (rESWT)
in the treatment of spasticity in patients with CP.

2. Methods
2.1. Subjects
Fifteen patients participated in the study. We evaluated 12 men and 3 women, aged between 10–46 years
(mean age 31). Patients were recruited in ASPACE
Barcelona, using the following inclusion criteria: Patients with spastic CP. Time gap of at least 9 months
since the last botulinum toxin injection. Ability of subject or legal respondent to give written informed consent after being told of the potential benefits and risks of
participating in the study. The 15 patients presented 40
spastic muscles. Distribution: 6 biceps brachii, 6 wrist
flexors, 5 hip adductors, 10 gastrocnemius, 10 soleus
and 3 hamstrings. This clinical trial has been approved
by the ethics committee of the Ramon Llull University.
All patients provided informed written consent.
2.2. Evaluation protocol
At each clinical visit, range of motion and Ashworth
Scale were performed.
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Fig. 2. Lower limb muscles. Median improvement 2 months after receiving treatment There are significant differences between group agonist
and group placebo.

2.3. Clinical examination

2.5. Shock wave instrumentation and treatment

Spasticity was evaluated in the lower limbs by passive range of motion with a goniometer, and in the upper limbs with Ashworth scale (0: no spasticity to 4:
severe spasticity). Patients were examined by the same
physiotherapist, who was blindfolded. One visit was
performed on each occasion, by the same physiotherapist. The examination was performed with the patient
lying on the stretcher.

Swiss Dolor Clast (EMS-Switzerland). The patients
were treated in 3 sessions at intervals of one week.
Number of impulses: 2000 in each spastic muscle in
group I and 4000 in group II (2000 in spastic muscle
and 2000 in antagonist muscle). Energy flux density:
0.10 mJ/mm2. (2 bar). Frequency: 8 Hz.

2.4. Study procedure

There are not significant differences between group
I (rESWT in spastic muscle) and group II (rESWT in
spastic muscle + rESWT in antagonist muscle). On
the spastic muscles from upper limbs there are significant differences (p = 0.05) between group I (rESWT
in spastic muscle) and group III (placebo), (Fig. 3). On
the spastic muscles of lower limbs there are significant
differences (p = 0.044) between group I (rESWT) and
group III (placebo), (Fig. 4). On the spastic muscles
of lower limbs there are significant differences (p =
0.043) between group II (rESWT in spastic muscle +
rESWT in antagonist muscle) and group III (placebo).
A significant decrease in the Ashworth Scale, an increase in the range of motion, were observed in all
patients that were treated with rESWT. Observed side

This study is a randomized, placebo-controlled clinical trial. In each subject, the evaluation was performed
immediately before application and after one, two and
three months of treatment. The non-parametric MannWhitney U test for independent samples was used for
statistical analyses. The 40 spastic muscles were divided in three groups using a computerized randomnumber generator. Group I (14 muscles): received
rESWT in spastic muscle. Group II (13 muscles): received rESWT in spastic muscle 4+ rESWT in antagonist muscle. Group III (13 muscles): received placebo
via application of a sham rESWT with sound in spastic
muscle (see Figs 1 and 2).

3. Results
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Fig. 3. Comparison of median improvement between the first and third month after treatment in upper limb muscles.

Fig. 4. Comparison of median improvement between the first and third month after treatment in lower limb muscles.
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Fig. 5. rESWT application in gastrocnemius.

Fig. 6. rESWT application in wrist flexors.

effects were 3 small superficial hematomas, petechiae,
and light pain during the therapy expressed by 3 patients. All side effects were tolerated by all the patients
and disappeared after 1–7 days.
4. Discussion
This study presents interesting ideas about the usefulness of rESWT in the treatment of spasticity in cerebral palsy patients, as a noninvasive technique, usually
painless and without important side effects. Obtained
clinical results were interesting, thus in the active stim-

ulation group a significant reduction in muscle tone after treatment with rESWT was detected, however, in the
placebo group no effect was observed. Positive results
were maintained for at least 2 months after treatment
and at three months the results were the same as those
obtained just before treatment. All the patients finished
the study. At the end of follow-up, they were asked
about willingness repeat the experience and all of them
answered affirmatively. The mechanism of shock wave
therapy on spastic muscles is still unknown. Basic research and further large randomized controlled studies
are necessary to support the results of this clinical trial.
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5. Conclusion
This experimental study shows that the treatment
with rESWT is more effective than placebo in decreasing spasticity of patients with CP,with an effect that is
maintained up to two months later. At three months,
it loses its effectiveness (Figs 5, 6); therefore, it would
be interesting to do another rESWT application before
three months.

Acknowledgments
We would like to acknowledge to Medical Direction
of ASPACE, Dra Anna Fornós and Dra Francisca Gimeno for their support in this clinical trial. Also Ms
Elisabet Carlota for their participation.

References
[1]

[2]
[3]

[4]

[5]
[6]
[7]
[8]
[9]

[10]
[11]

P. Rosenbaum, N. Paneth, A. Leviton, M. Goldstein and M.
Bax, A report; The definiton and classification of cerebral
palsy, Developmental Medicine and Child Neurology 49(2)
(2007), 8–14.
E. Odding, M.E. Roebroeck and H.J. Stam, The epidemiology
of cerebral palsy: incidence, impairments and risk factors,
Disabil Rehabil 28(4) (28 Feb 2006), 183–191.
Surveillance of cerebral palsy in Europe (SCPE). Surveillance
of Cerebral Palsy in Europe: a collaboration of cerebral palsy surveys and registers, Developmental Medicine and Child
Neurology 42 (2000), 816–824.
B. Hagberg, G. Hagberg, E. Beckung and P. Uvebrant, Changing panorama of cerebral palsy in Sweden. VIII. Prevalence
and origin in the birth year period 1991–1994, Acta Paediatr
90 (2001), 271–277.
J.W. Lance, Disordered muscle tone and movement, Clin Exp
Neurol 18 (1981), 27–35.
S.E. Farmer and M. James, Contractures in orthopaedic and
neurological conditions: a review of causes and treatment,
Disability & Rehabilitation 23 (2001), 549–558.
T. Pin, P. Dyke and M. Chan, The effectiveness of passive
stretching in children with cerebral palsy, Dev Med Child
Neurol 48(10) (Oct 2006), 855–862.
L. Wiart, J. Darrah and G. Kembhavi, Stretching with children
with cerebral palsy: what do we know and where are we
going? Pediatr Phys Ther 20(2) (Summer 2008), 173–178.
N.A. Lannin, I. Novak and A. Cusick, A systematic review of
upper extremity casting for children and adults with central
nervous system motor disorders, Clin Rehabil 21(11) (Nov
2007), 963–976.
S.E. Farmer and M. James, Contractures in orthopedic and
neurological conditions: a review of causes and treatment,
Disabil Rehabil 23(13) (10 Sep 2001), 549–558.
R.N. Boyd, M.E. Morris and H.K. Graham, Management of
upper limb dysfunction in children with cerebral palsy: a
systematic review, Eur J Neurol 8(Suppl 5) (Nov 2001), 150–
166.

[12]

J. Wilton, Casting, splinting, and physical and occupational
therapy of hand deformity and dysfunction in cerebral palsy,
Hand Clin 19(4) (Nov 2003), 573–584.
[13] M.R. Delgado, D. Hirtz, M. Aisen, S. Ashwal, D.L. Fehlings,
J. McLaughlin et al., 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 74(4) (26 Jan 2010), 336–343.
[14] E. Lapeyre, J.B. Kuks and W.J. Meijler, Spasticity: revisiting
the role and the individual value of several pharmacological
treatments, NeuroRehabilitation 27(2) (1 Jan 2010), 193–200.
[15] D.R. Patel and O. Soyode, Pharmacologic interventions for
reducing spasticity in cerebral palsy, Indian J Pediatr 72(10)
(Oct 2005), 869–872.
[16] J.F. Mooney, 3rd., L.A. Koman and B.P. Smith, Pharmacologic
management of spasticity in cerebral palsy, J Pediatr Orthop
23(5) (Sep-Oct 2003), 679–686.
[17] J. Wasiak, B. Hoare and M. Wallen, Botulinum toxin A as an
adjunct to treatment in the management of the upper limb in
children with spastic cerebral palsy, Cochrane Database Syst
Rev (4) (18 Oct 2004), CD003469.
[18] R.A. Ade-Hall and A.P. Moore, Botulinum toxin type A in the
treatment of lower limb spasticity in cerebral palsy, Cochrane
Database Syst Rev (2) (2000), CD001408.
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