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Background and Purpose—Spasticity is a disabling complication of stroke and different noninvasive treatments are used
to reduce muscle hypertonia. Shock waves are defined as a sequence of single sonic pulses largely used in the treatment
of diseases involving bone and tendon as well as muscular contractures. The effect and duration of extracorporeal shock
wave therapy (ESWT) was investigated on muscle hypertonia of the hand and wrist.
Methods—A total of 20 patients affected by stroke associated with severe hypertonia in upper limbs were evaluated.
Placebo stimulation was performed 1 week before active stimulation in each patient. Evaluation was performed using
the National Institutes of Health and Ashworth scales and video monitoring with a digital goniometer before and
immediately after placebo or active stimulation. Motor nerve conduction velocity from abductor digiti minimi were
recorded. Patients were monitored at 1, 4, and 12 weeks after active treatment.
Results—After active ESWT, patients showed greater improvement in flexor tone of wrist and fingers compared with
placebo stimulation. At the 1- and 4-week follow-up visits, a significant decrease of passive muscle tonicity was noted
on muscles in all patients receiving active treatment. At 12 weeks after therapy, 10 of the 20 patients showed persistent
reduction in muscle tone. There were no adverse events associated with ESWT.
Conclusions—ESWT reduces hypertonia of the wrist and finger muscles for ⱖ12 weeks after treatment. The possible
mechanisms of action of ESWT are discussed. (Stroke. 2005;36:1967-1971.)
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I

ncrease in muscle tone in the hands and wrists is a major
problem in the management of chronic hemiparetic patients and may seriously impair dressing, washing, and other
activities of daily living.1 Motor neuron syndrome in stroke
patients is a collection of symptoms including motor defects,
increased reflexes, and muscle hypertonia, which produce a
series of complications causing changes in the rheologic
components of muscles and subsequent stiffness in tendons
and joints.1 In stroke, the hypertonia in muscles is partially
related to spinal hyperexcitability in addition to fibrosis and
changes in connective tissues that are responsible for passive
rigidity of muscles.1
Recent studies have reported that muscular injections of
botulinum toxin type A decreases muscular tone in hypertonic muscles of the hand, with improvement in the use of the
upper limb and a decrease in complications.2–5 However, in a
small number of patients, the development of neutralizing
antibodies can reduce the efficacy of treatment. In addition,
the dosage of botulinum is not always sufficient to treat
extensive and severe hypertonia in upper and lower limbs.
Rehabilitation and different noninvasive treatments, particularly on the connective components, should be also
considered.

Shock waves are defined as a sequence of single sonic
pulses characterized by high peak pressure (100 MPa), fast
pressure rise (⬍10 ns), and short duration (10 s). Different
studies and clinical experiments have demonstrated the efficacy of shock waves in the treatment of bone and tendon
diseases, including pseudoarthrosis6 – 8 tendinitis calcarea of
the shoulder,9,10 epicondylitis,11 plantar fascitis,12 and several
tendon diseases, especially in athletes.13,14 The persistent
clinical effects of shock wave treatment on muscular contractures in athletes together with preliminary data reporting a
reduction in hypertonia in neurological patients after shock
wave therapy15 has suggested a possible use of shock wave
treatment in patients experiencing muscular hypertonia. Thus,
it can be hypothesized that muscle hypertonia can decrease
after shock wave therapy. The aim of the present study was to
examine the effect of shock wave treatment on hypertonic
muscles in the hand and wrist in a group of patients affected
by stroke.

Subjects and Methods
Twenty patients with poststroke upper limb spasticity were enrolled
in the study comprising 11 men and 9 women with a mean age of 63
years (range 38 to 76 years). Fifteen patients had ischemic stroke,
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and 5 patients had hemorrhagic stroke. To be eligible for the study,
patients must have had a stroke ⱖ9 months previously. Fifteen
patients had mixed cortical and subcortical lesions mainly in the
territory of middle cerebral artery. Five patients had mainly subcortical lesions (2 in thalamic site and 3 in the mesencephalic and pons
structures). Most patients were receiving pharmacological therapy
(15 antiplatelet and 12 antihypertensive). No patients took medications that could have had an impact on the study (eg, GABAergic
medications). Patients with previous or planned treatment of the limb
with botulinum toxin, phenol, alcohol, or surgery were excluded. All
patients provided informed consent.

Study Procedure
The study was an open study in which each patient served as his or
her own control. The protocol consisted of 1 placebo treatment
session in which no shock waves were applied, followed by 1 active
shock wave treatment session 1 week later. This was done to ensure
homogeneity in the active and placebo groups so that the true effect
of shock waves could be compared in each patient. To avoid possible
crossover effects, the study included a 1-week interval between
placebo treatment and active shock wave therapy. In each subject,
clinical measures were evaluated before and immediately after
placebo, and 1 week later, identical clinical measures were performed before and immediately after and at 1, 4, and 12 weeks after
the active shock wave treatment.

Evaluation of Efficacy
The National Institutes of Health Stroke Scale (NIHSS) for neurological status16 was used. The mean score was 12 (range 10 to 15).
For muscle tone, tonicity of the wrist and finger flexors was
evaluated at all follow-up visits using the Ashworth scale.1,17 To
evaluate the tonicity of fingers in a plegic hand, we fixed the wrist
and stretched the fingers of the hand.1,17 Patients experienced focal
spasticity of wrist and fingers, with a mean score of 3.4 (0.7) for
wrist flexor tone and a mean score of 3.2 (0.6) for finger flexor
tonicity on the Ashworth Scale, with 0 indicating normal muscle tone
and 4 a rigid flexion.
A digital goniometer was used to measure the passive range of
motion of the wrist. The goniometer was synchronized with a video
polygraphy (Micromed System; Brainquick).
Moreover, an electrophysiological study was performed to address
the possibility that extracorporeal shock wave therapy (ESWT) could
cause nerve damage. Distal motor nerve conduction velocity and F
responses from abductor digiti minimi by ulnar nerve stimulation
were recorded. F wave responses were elicited by supramaximal
stimulation of the ulnar nerve once every second. Seven F wave
responses were collected at each recording session. For each set of 7
stimuli, we measured the mean F wave peak-to-peak amplitude and
the mean latency of the responses.18 All electroneurographic studies
were performed before and after the placebo and active stimulation
and at 1, 4, and 12 weeks after active stimulation.
The needle electromyograph (EMG) was also investigated. Usually, the presence of chemical denervation as the consequence of the
action of botulinum is detected by needle EMG. The procedure was
performed only after 4 weeks, after ESWT in all patients on the first
interosseus muscle, 1 of the treated muscles of the hand. We chose
this interval because it is the mean time to observe electromyographic signs of denervation after nerve damage. No baseline EMG
was performed because the muscle was not denervated before
treatment, and the absence of signs of denervation after ESWT
associated with an invariant amplitude of potential indicated that this
therapy has no effect on the peripheral nerve structure.
The clinical and electrophysiological values of each patient were
submitted to ANOVAs with repeated measures. Post hoc comparisons were performed with paired t tests adjusted with the Bonferroni
method. P⬍0.05 was considered statistically significant.

Shock Wave Therapy Instrumentation
An electromagnetic coil lithotripter (Modulith SLK; Storz Medical AG) equipped with in-line ultrasound, radiographic and

Figure 1. Ashworth scale of finger flexors before and after
actual treatment. ESWT is shown on the left side, whereas placebo treatment is on the right. Mean and SD. P⬍0.001 with
Bonferroni correction.

computerized aiming (Lithotrack system) was used. The pressure
pulses were focused in the flexor hypertonic muscles of the
forearm and the interosseus muscles of the hand: 1500 shots were
used to treat flexor muscles of the forearm mainly in the middle
of the belly, and 3200 shots for interosseus muscles of the hand
(800 for each muscle) using an ultrasound pointer guide. The
energy applied was 0.030 mj/mm2. Different points of application
were used to treat several areas of the hypertonic muscles.
Because low energy is used, the therapy is painless and does not
require the use of anesthesia or analgesic drugs. Placebo treatment without shock wave energy was applied with the same
instrumentation, and the same sound was used in all patients. The
shock wave treatment was performed over the flexor ulnaris,
flexor radialis, and over intrinsic muscles of the hand using the
ultrasound device and pointer.

Results
Placebo Stimulation
No significant changes in the Ashworth or NIHSS scores
were noted in either finger and wrist flexors after placebo
stimulation (Figure 1; Table). Likewise, no significant
changes in distal motor conduction or late responses (F
response) were noted after placebo stimulation (Table).

Active Extracorporeal Shock Wave Stimulation
Muscle Tone
The average baseline evaluation in the Ashworth results for
the wrist flexor was 3.2⫾0.7. The Ashworth score was
3.2⫾0.6 for the hand muscles. Immediately after active
treatment, the Ashworth score for the wrist flexor decreased
to 2.0⫾0.9 (P⬍0.001). The finger flexion (finger flexors)
showed a marked reduction of spasticity with an Ashworth
change to 0.8⫾0.4 (P⬍0.001; Figures 1 and 2; Table).
Persistent effects were observed in all subjects (Figure 3;
Table). With regard to the Ashworth score, the time effect
was statistically significant (F(4,12)⫽84.707; P⬍0.001). Post
hoc comparisons showed a significant difference in muscle
tone of finger flexors between baseline and muscle tone of the
finger flexors after the first week (P⬍0.001) and at 4
(P⬍0.02) and 12 weeks (P⬍0.05).
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Clinical and Electrophysiological Findings
After Placebo

After ESWT

After 1 Week

After 4 Weeks

After 12 Weeks

P Value

Ashworth wrist flexors

Baseline
3.4 (0.7)

3.3 (0.6)

2.0 (0.9)*

2.4 (0.6)*

2.3 (0.7)*

3.0 (0.5)

P⬍0.001

Ashworth finger flexors

3.2 (0.6)

3.06 (0.5)

0.8 (0.4)*

1.2 (0.4)*

1.3 (0.4)*

1.8 (0.7)*

P⬍0.001

Range of motion (°)

20 (7)

20 (6)

50 (6)*

50 (7)*

40 (6)*

30 (8)

P⬍0.001

Motor nerve conduction (ms)

55 (6)

54 (7)

57 (5)

54 (8)

55 (7)

56 (7)

NS

Latency CMAP (ms)

3.5 (1.3)

3.6 (2)

3.9 (1.7)

3.6 (1.4)

3.5 (2)

3.5 (3)

NS

Amplitude CMAP (mV)

11 (2)

12 (2)

11 (2)

12 (1.8)

11 (2.1)

11 (2)

NS

F Wave Mean Latency (ms)

25 (5)

25 (6)

23 (4)

23 (6)

25 (4)

26 (3)

NS

F Wave mean amplitude (uV)

700 (100)

790 (120)

650 (200)

670 (140)

680 (150)

700 (140)

NS

Values are expressed as mean and SDs.
*P⬍0.001 with Bonferroni correction.
CMAP indicates compound motor action potential.

Post hoc comparisons showed a significant difference of
muscle tone of wrist flexors between baseline and after the
first (P⬍0.001) and fourth weeks (P⬍0.05). There were no
differences between baseline and muscle tone of the wrist
flexors after 12 weeks (P⫽NS). No different effects of the
shock wave were noted between patients with different
degrees of hypertonia as measured by the Ashworth scale.
Range of Motion
With regard to the range of passive motion, the effect of time
after treatment was statistically significant (F(4,12)⫽81.457;
P⬍0.001). Post hoc comparisons showed a significant difference of range of motion between baseline and the first
(P⬍0.01; 20° versus 50°, respectively) and fourth weeks
(P⬍0.05; 20° versus 40°, respectively). There were no
differences between baseline and muscle tone of the wrist
flexors after 12 weeks (P⫽NS; Table).
No significant changes were found in latency or amplitude
of motor action potential (Table). No significant changes

were noted in latency and amplitude of late responses across
the different recordings (Table). After 4 weeks, the needle
EMG recording did not show any signs of spontaneous
activity in the first interosseus muscle, one of the treated
muscles of the hand.
The NIHSS neurological examination score did not change
either before (mean 12; SD 2.5) or after (mean 12; SD 3)
treatment.

Discussion
The major finding of this study is that a single, active
treatment of shock wave therapy on spastic muscles of
upper limb in patients affected by stroke resulted in a
significant reduction in muscle tone. No effect was noted
after placebo stimulation. The effect of active stimulation
lasted ⱖ12 weeks after therapy. In particular, a significant
effect on the muscle tone of the finger flexors was noted.
No adverse effects were observed in any patient, and no

Figure 2. Clinical findings in a patient.
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muscular denervation in the patient cohort treated with shock
wave therapy. No changes were observed in either the
amplitude or latency of distal motor action potential and late
responses, excluding a significant effect of shock wave
therapy on peripheral nerves and spinal excitability. On the
contrary, the presence of denervation in treated hypertonic
muscles and a long-lasting decrease in the amplitude of the
motor action potential are related to the neuromuscular block
caused by several types of botulinum neurotoxins.25
Shock wave therapy appears to be safe and is also
noninvasive. Our findings suggest that shock wave therapy
may be useful in decreasing flexor tonicity in patients with
spasticity of the hand and could open new areas of research in
treatment of hypertonicity. Further studies with a larger group
of patients are warranted.
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changes in peripheral nerve conduction or late responses
were observed. No signs of denervation were recorded in
the hand muscles.
The mechanism of shock wave therapy on spastic muscles
is still unknown. Only a limited number of recent studies have
investigated the mechanisms of shock waves, which can
induce enzymatic19 and nonenzymatic NO synthesis.20,21 NO
is involved in neuromuscular junction formation in the
peripheral nervous system22 and in important physiological
functions of the central nervous system, including neurotransmission, memory, and synaptic plasticity.23 NO synthesis has
been suggested to be one of the most physiologically important mechanisms that could explain the effectiveness of shock
waves in the anti-inflammatory treatment of various tendon
diseases.20,21 However, a direct effect of shock waves on
fibrosis and on the rheologic components of chronic hypertonic muscles should be considered in accordance with the
documented, therapeutic effects on bone and tendon
diseases.6 –10
Because in the present study we did not observe any
changes in the F wave amplitude, which measures spinal
excitability, we can hypothesize that shock waves can also act
on the passive stiffness of muscles determined by inactive
connective tissues.
Nonetheless, a direct effect of mechanical stimuli of shock
waves on the muscle fibers adjacent to the tendon cannot be
excluded.24 Continuous or intermittent tendon pressure can
decrease spinal excitability without long-lasting clinical or
neurophysiological effects.24 Notwithstanding, in this patient
group, the clinical changes were observed for weeks after
therapy and exclude a major effect of mechanical vibratory
stimulation, which is transitory and short lasting. Moreover,
the late responses usually decreased by vibratory stimulation
were not significantly modified by shock wave therapy,
suggesting a different mechanism of action.
In addition, because no signs of denervation were noted in
treated muscles, we can exclude any relationship to neuro-

1. Mayer NH. Clinicophysiologic concepts of spasticity and motor dysfunction in adults with an upper motoneuron lesion. Muscle Nerve.
1997;(suppl 6):S1–S13.
2. Brashear A, Gordon MF, Elovic E, Kassicieh VD, Marciniak C, Do M,
Lee CH, Jenkins S, Turkel C; Botox Post-Stroke Spasticity Study Group.
Intramuscular injection of botulinum toxin for the treatment of wrist and
finger spasticity after stroke. N Engl J Med. 2002;347:395– 400.
3. Simpson DM, Alexander DN, O’Brien CF, Tagliati M, Aswad AS, Leon
JM, Gibson J, Mordaunt JM, Monaghan EP. Botulinum toxin type A in
the treatment of upper limb spasticity: a randomized double blind,
placebo controlled trial. Neurology. 1996;46:1306 –1310.
4. Lagalla G, Danni M, Reiter F, Ceravolo MG, Provinciali L. Post stroke
spasticity management with repeated botulinum injections in the upper
limb. Am J Phys Med Rehabil. 2000;79:377–384.
5. Smith SJ, Ellis E, White S, Moore AP. Double blind placebo controlled
study of botulinum toxin in upper limb spasticity after stroke or head
injury. Clin Rehabil. 2000;14:5–13.
6. Russo S, Marlinghaus E, Amelio E, Corrado B, Galasso O, Cugola L,
Corrado EM. Le onde d’urto nel trattamento della pseudoartrosi:
valutazione clinica e sperimentale della risposta neo-osteo-angiogenetica.
Giornale Italiano di Ortopedia e Trumatologia. 2000;26:6 –12.
7. Siebrt W, Buch M. Extracorporeal Shock Wave in Orthopaedics. Heidelberg, Berlin, Germany: Springer-Verlag; 1998.
8. Valchanov VD, Michailov P. High energy shock waves in the treatment
of delayed and nonunion of fractures. Int Orthop. 1991;15:181–184.
9. Rompe JD, Burger R, Hopf C, Eysel P. Shoulder function after extracorporeal shock wave therapy for calcific tendinitis. J Shoulder Elbow Surg.
1998;7:505–509.
10. Loew M, Deacke W, Kusnierczak D, Rahmanzadeh M, Ewerbeck V.
Shock-wave therapy is effective for chronic calcifying tendinitis of the
shoulder. J Bone Joint Surg Br. 1999; 81B:863– 867.
11. Rompe JD, Hopf C, Kullmer K, Heine J, Burger R. Analgesic effect of
ESWT on chronic tennis elbow. J Bone Joint Surg Br. 1996;78B:
233–237.
12. Rompe JD, Decking J, Schoellner C, Nafe B. Shock wave application for
chronic plantar fascitis in running athletes: a prospective, randomized,
placebo-controlled trial. Am J Sports Med. 2003;31:268 –275.
13. Orhan Z, Alper M, Akman Y, Yavuz O, Yalciner A. An experimental
study on the application of extracorporeal shock waves in the treatment of
tendon injuries: preliminary report. J Orthop Sci. 2001;6:566 –570.
14. Russo S, de Durante C, Gigliotti S, Galasso O. Shock wave management
of footballer’s tendinopathies. J Sports Traumatol rel res. 1999;21:
84 – 88.
15. Lohse-Busch H, Kraemer M, Reime U. The use of extracorporeal shock
wave fronts for treatment of muscle dysfunction of various etiologies: an
overview of first results. In: Siebert W, Buch M, eds. Extracorporeal
Shock Waves in Orthopaedics. Berlin, Heidelberg, Germany: Springer;
1997:215–230.

References

Manganotti and Amelio
16. Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, Haley EC,
Grotta J, Marler J. Improved reliability of the NIH Stroke Scale using
video training. NINDS tPA Stroke Study Group. Stroke. 1994;25:
2220 –2226.
17. Ashworth B. Preliminary trial of carisoprodol in multiple sclerosis. Practitioner. 1964;192:540 –542.
18. Manganotti P, Patuzzo S, Cortese F, Palermo A, Smania N, Fiaschi A.
Motor disinhibition in affected and unaffected hemisphere in the early
period of recovery after stroke. Clin Neurophysiol. 2002;113:
936 –943.
19. Mariotto S, Cavalieri E, Ciampa A, Carcereri de Prati A, Amelio E, Russo
S, Marlinghaus E, Suzuki H. Effect of shock wave on the catalytic activity
of endothelial nitric oxide synthase in umbilical vein endothelial cells.
The Ital J Biochem. 2003;52:n.3.
20. Gotte G, Amelio E, Russo S, Marlinghaus E, Musci G, Suzuki H.
Short-time non-enzymatic nitric oxide synthesis from L-arginine and

Shock Wave Therapy and Hypertonia in Stroke

21.

22.

23.
24.
25.

1971

hydrogen peroxide induced by shock waves treatment. FEBS Lett. 2002;
520:153–155.
Mariotto S, Cavalieri E, Amelio E, Campa AR, Carcereri de Prati A,
Marlinghaus E, Russo S, Suzuki H. Extracorporeal shock waves: from
lithotripsy to anti-inflammatory action by NO production. Nitric Oxide.
2005;12:89 –96.
Molina JA, Jimenez-Jimenez FJ, Ortı̀-Pareja M, Navarro JA. The role of
nitric oxide in neurodegeneration. Potential for pharmacological intervention. Drugs Aging. 1998;12:4:251–259.
Blottner D, Luck G. Just in time and place: NOS/NO system assembly in
neuromuscular junc formation. Microsc Res Tech. 2001;55:171–180.
Leone JA, Kukulka CG. Effects of tendon pressure on alpha motoneuron
excitability in patients with stroke. Phys Ther. 1988;68:475– 480.
Eleopra R, Tugnoli V, Quatrale R, Rossetto O, Montecucco C. Different
types of botulinum toxin in humans. Mov Disord. 2004;19(suppl
8):S53–S59.

