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Abstract
BACKGROUND 
Approximately 65%-78% of patients with a spinal cord injury (SCI) develop any 
symptom of spasticity. The aim of this study was to investigate the tolerability 
and short-term effects of radial extracorporeal shock wave therapy (rESWT) on 
plantar flexor spasticity in a patient with incomplete SCI.

CASE SUMMARY 
An 18-year-old man with an incomplete SCI completed five sessions of rESWT. 
The primary outcomes were the changes in ankle-passive range of motion (A-
PROM) and passive resistive force to ankle dorsiflexion. The outcomes were 
assessed at baseline (T0), immediately after treatment (T1) and 1 wk after the end 
of treatment (T2). The A-PROM increased by 15 degrees at T1 and 25 degrees at 
T2 compared with T0. The passive resistive force to ankle dorsiflexion at low 
velocity decreased by 33% at T1 and 55% at T2 in the gastrocnemius muscle and 
by 41% at T1 and 39% at T2 in the soleus muscle compared with T0. At high 
velocity, it also decreased by 44% at T1 and 30% at T2 in the gastrocnemius 
muscle compared with T0. However, in the soleus muscle, the change was minor, 
with a decrease of 12% at T1 and increased by 39% at T2 compared with T0.

CONCLUSION 
In this patient, the findings showed that rESWT combined with conventional 
therapy was well-tolerated and could be effective in improving A-PROM and 
passive resistive force to ankle dorsiflexion in the short-term. Further randomized 
controlled clinical trials with longer period of follow-up are necessary to confirm 
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the results obtained in patients with SCI.

Key Words: Spasticity; Spinal cord injury; Radial extracorporeal shock wave therapy; Rehabilitation; Case 
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Spasticity is a major problem in the life of spinal cord injury (SCI), which can affect to their 
daily life activities. Extracorporeal shock wave therapy (ESWT) is defined as a sequence of mechanical 
pulses waves, characterized by a high peak pressure, fast pressure rises and short time duration. Previous 
studies have reported that ESWT is effective for pain relief and hypertonia in post-stroke, cerebral palsy, 
and multiple sclerosis patients. However, no clinical trials have investigated the effects of ESWT in the 
symptoms of spasticity in spinal cord injury patients. This is the first case report published which analysed 
the effects of ESWT in plantar flexor spasticity symptoms in a volunteer with incomplete SCI.

Citation: Comino-Suárez N, Gómez-Soriano J, Ceruelo-Abajo S, Vargas-Baquero E, Esclarín A, Avendaño-Coy J. 
Extracorporeal shock wave for plantar flexor spasticity in spinal cord injury: A case report and review of literature. 
World J Clin Cases 2023; 11(1): 127-134
URL: https://www.wjgnet.com/2307-8960/full/v11/i1/127.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i1.127

INTRODUCTION
Spasticity may produce structural changes in the muscle properties and not only by hyperreflexia and 
alterations of the central processing of sensory input in the spinal cord[1]. Approximately 65%-78% of 
patients with a chronic spinal cord injury (SCI) (≥ 1 year after injury) develop any symptom associated 
with spasticity[2]. Problematic spasticity is characterized by pain and interference in daily life activities, 
such as walking; decreased range of joint motion; more contractures; stress; inability to sleep; and more 
complications and hospitalizations[3-5].

Numerous therapeutic options are available for the treatment of spasticity. Physiotherapy should be 
considered as a first option, which includes techniques such as thermotherapy/cryotherapy, stretching, 
positioning, and splinting to prevent contractures and physical modalities such as vibration, electrical 
currents, and extracorporeal shock wave therapy (ESWT). However, some individuals do not respond to 
conservative treatment, making necessary the prescription of medications or the application of other 
invasive techniques (i.e., injections and/or surgical interventions). Although pharmacological agents 
have been evidenced to be effective in the reduction of spastic symptoms, there are important adverse 
effects that affect the daily life activities and should be considered before their use (e.g., sedation, 
insomnia, fatigue, dry mouth, depression, and hallucinations), making it necessary to look for new 
effective therapies without adverse effects[2,6].

ESWT is defined as a sequence of mechanical pulse waves with high peak pressure (100 MPa), fast 
pressure rise (< 10 ns) and short duration (10 µs)[7]. Generally, ESWT is classified as focused extracor-
poreal shock wave therapy (fESWT) or radial extracorporeal shock wave therapy (rESWT). fESWT is 
based on the use of single pressure pulses of microsecond duration that are concentred in small focal 
areas, and these can be guided by ultrasound or radiographs. On the other hand, rESWT is generated 
pneumatically and is transmitted radially from the tip of the applicator to the target area[8,9]. Previous 
studies have reported that ESWT is effective for pain relief and hypertonia after stroke[10,11], cerebral 
palsy[12,13] and multiple sclerosis[14]. However, there are some pathophysiological differences 
between spasticity of cerebral or spinal origin, having important consequences for the therapeutic 
approach that is chosen. Until now, no clinical trials have been published to analyse the effects of 
rESWT on the hypertonia of patients with a SCI. Therefore, we report the case of a volunteer with an 
incomplete SCI to investigate the effects of rEWST on plantar flexor hypertonia as a preliminary study 
to perform a randomized controlled clinical trial in patients with a SCI.

CASE PRESENTATION
Chief complaints
The participant was an 18-year-old man from the National Paraplegic Hospital (Toledo, Spain) who 
suffered an accident on September 27, 2020. He was referred to department of rehabilitation medicine 

https://www.wjgnet.com/2307-8960/full/v11/i1/127.htm
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due an increased in the muscle tone of the right triceps surae, which hinders his ability to walk.

History of present illness
At the enrolment, 5 mo after the accident, the patient was clinically stable, without concomitant 
pathologies. The patient was diagnosed as having an incomplete SCI at the cervical level (C5) according 
to the American Spinal Injury Association (ASIA) Impairment Scale C. The patient had a considerable 
increase in the muscle tone of the right triceps surae, making the passive movement of the ankle difficult 
with a grade 3 in the Modified Ashworth Scale (MAS). The patient was classified as grade 2 by the Penn 
scale, reporting that spasms occurred less than once per hour. The patient was able to stand or walk 
with technical aids, with a score of 8 on the Walking Index for Spinal Cord Injury II (WISCI-II), 56 points 
on the Spinal Cord Independence Measure (SCIM-II), 0.391 index score on the quality of life with the 
European Quality of Life 5-Dimension 3-Level (EQ-5D-3L) questionnaire and 80 points in patient’s self-
rated health on a vertical visual analogue scale (EQ-VAS). The antispastic medication and standard 
rehabilitation programme did not change the hypertonia in the plantar flexors during the 2 mo prior to 
enrolment. The patient had not received previous treatment of the affected leg with phenol, alcohol, 
botulinum toxin injection or surgical procedures. The skin and sensation were normal, without soreness 
in the target area. The patient signed written informed consent to receive the intervention.

History of past illness
There was no illness in previous medical history.

Physical examination
As primary outcomes, we assessed ankle-passive range of motion (A-PROM) and passive resistive force 
to ankle dorsiflexion. As secondary outcomes, we measured the changes in muscular tone, spasm 
frequency, quality of life, pain perceived during therapy, functionality, and possible adverse effects. The 
assessments were performed by the same assessor at baseline (T0), immediately after treatment (T1) and 
1 wk after the end of treatment (T2).

Primary outcomes
A-PROM was measured with a plastic universal goniometer[15]. The patient was in the supine position 
with the knee extended to evaluate the extensibility of the gastrocnemius muscle. The measurement 
started with the ankle in the rest position, and then the assessor passively moved the joint to the 
maximum possible dorsiflexion. The mean of three consecutive measures was calculated.

For the passive resistive force to ankle dorsiflexion (N), a handheld dynamometer (MicroFET2® 
Hoggan Scientific, LLC) was employed. The patient was in the supine position with the knee in flexion 
(soleus) and then extended (gastrocnemius) with the ankle in approximately 35 degrees of plantar 
flexion. The assessor moved the ankle to 0 degrees of dorsiflexion at low velocity (approximately 3 s) 
and fast velocity (approximately 1 s). The mean of three consecutive performances of passive 
dorsiflexion for each velocity was recorded. The end of the position being 0 degrees of dorsiflexion was 
chosen because this angle has easy reliability and avoids reaching the maximum joint limit. The resistive 
force testing at low velocity evidenced the mechanical response to a muscle stretch that does not evoke a 
reflex response. On the other hand, fast velocity represents total muscle stiffness, including reflex-
mediated resistance[16]. Previous studies have used a handheld dynamometer to assess the resistive 
torque, showing high reliability[17-19].

Secondary outcomes
Plantar flexor hypertonia was measured with the MAS[20], with the patient in the supine position and 
the knee extended (gastrocnemius). The MAS was scored as follow: 0 = no increase in tone; 1 = slight 
increase in tone, manifested by a catch and release or by minimal resistance at the end of the ROM when 
the affected part(s) is moved in flexion or extension; 1+ = slight increase in muscle tone, manifested by a 
catch, followed by minimal resistance throughout the remainder (less than half) of the ROM; 2 = more 
marked increase in muscle tone through most of the ROM but affected part(s) easily moved; 3 = consid-
erable increase in muscle tone, passive movement difficult; and 4 = affected limb rigid in flexion or 
extension.

The Penn scale[21] was performed to measure the self-reported spasm frequency. This scale has a 
score ranging from 0 to 4 as follows: 0 = no spasms; 1 = mild spasms induced by stimulation; 2 = less 
than one full spasm per hour; 3 = spasms occurring more than once per hour; and 4= spasms occurring 
more than 10 times per hour.

The quality of life was assessed with the EQ-5D-3L questionnaire[22]. This questionnaire is composed 
of five dimensions, each describing a different aspect of health: Mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression, with the value of 1 meaning full health and the value of 0 the 
worst health. The EQ-VAS is a vertical scale from 0 (the worst health imaginable) to 100 (the best health 
imaginable), where patients are asked to indicate their overall health today.
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Functionality was measured with the WISCI-II, which evaluates the physical assistance needed and 
devices required for walking a 10-metre distance[23], and the SCIM-III, which measures the ability to 
perform routine daily tasks. The SCIM-III is a questionnaire divided in three subscales: Self-care (0-20 
points), respiration and sphincter management (0-40 points) and mobility (0-40 points), with higher 
scores indicating more independence[24].

The possible adverse effects were registered after each session of treatment. The pain perceived 
during the intervention was also assessed with the VAS[25].

Laboratory examinations
Blood investigation findings were normal.

Imaging examinations
Magnetic resonance findings were normal.

FINAL DIAGNOSIS
The final diagnosis was incomplete SCI at the cervical level (C5) according to ASIA Impairment Scale C. 
Hypertonia in the right triceps surae and limited ankle range of motion being the passive movement 
difficult (Grade 3).

TREATMENT
rESWT was applied with the BTL- Power device (BTL Industries Ldt. Czech Republic). The patient 
received five sessions, with a frequency of one session per week. The intervention was administered by 
the same physiotherapist with the patient in the prone position and his feet suspended at the end of the 
bed. The transmission gel was applied between the applicator and target area. The head of the 
applicator was 15 mm and was moved slowly around the entire muscle belly and muscle-tendon 
junction with a pressure of 2 bar, frequency of 8 Hz and 1500 shots. The antispastic medication and the 
rehabilitation programme remained the same and did not change during the rESWT. Daily physical 
therapy sessions were performed. These sessions were based on passive and active mobilizations of the 
upper and lower limbs, strengthening exercises, static stretching and standing positions. The frequency 
of the physical therapy sessions was five sessions per week, and every session lasted 1 h.

OUTCOME AND FOLLOW-UP
The patient completed the five sessions of rESWT. Adverse effects (i.e., tingling, aching, redness, 
bruising or haematoma) were not observed. Treatment with rESWT was well tolerated, and the patient 
did not report pain (0 ± 0 VAS score) during the treatment. Pharmacological treatment was not modified 
during the experimental treatment. All the outcomes showed improvements after treatment, and these 
changes persisted 1 wk after treatment.

A-PROM was severely limited at T0 with -15 degrees of dorsiflexion, which was increased to 0 
degrees at T1 and 10 degrees at T2. The passive resistive force to ankle dorsiflexion showed significant 
clinical differences when comparing T0, T1 and T2. Regardless of the velocity, the passive resistive force 
measured at low velocity decreased by 33% at T1 and 55% at T2 in the gastrocnemius muscle compared 
with T0. The passive resistive force in the soleus muscle decreased by 41% at T1 and 39% at T2 
compared with T0. When measured at high velocity, the passive resistive force in the gastrocnemius 
muscle also decreased by 44% at T1 and 30% at T2 compared with T0, while the soleus muscle decreased 
by 12% at T1. However, there was increased of 39% at T2 compared with T0 (Figure 1).

The results of the clinical outcomes showed a reduction of muscle tone, with a value of 2 in the MAS 
at T1 and T2 and a decrease in the frequency of spasms. There were significant changes in functionality. 
The patient was able to ambulate 10 metres with two crutches, no braces and with the physical 
assistance of one person at T1 and T2. The results of the SCIM-III increased by 17 points at T1 and T2. 
Regarding the quality of life, the results of the EQ-5D-3L and EQ-VAS showed improvement, with 
better results in the anxiety/depression dimension and better punctuation in the overall health status in 
the EQ-VAS at T1 and T2 (Table 1).

DISCUSSION
This is the first documented case of a subject with a SCI who had persistent spasticity receiving rESWT. 
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Table 1 Clinical outcomes

Outcome Pre-Treatment Post-Treatment

MAS 3 2

PENN 2 1

WISCI-II 8 11

SCIM-III 56 73

EQ-5D-3L 0.77 0.783

EQ-VAS 80 90

MAS: Modified Ashworth Scale; PENN: Penn Scale; WISCI-II: Walking index of spinal cord injury; SCIM-III: Spinal cord independence measure version III; 
EQ-5D-3L: European Quality of life-5 Dimensions; EQ-VAS: Visual analogue scale patient self-rated health.

Figure 1 Bar chart. Mean differences of passive resistive force (Newton) at baseline (T0), post-treatment (T1) and 1 wk follow-up (T2) measured with the hand-
held dynamometer. A: Low velocity (3 s); and B: Fast velocity (1 s) in gastrocnemius and soleus muscles.

The applied protocol for rESWT was well tolerated and had no reported adverse effects. The results 
from this case report showed that five sessions of rESWT combined with the conventional rehabilitation 
programme significantly improved A-PROM and passive resistive force in the plantar flexors. There 
were also improvements in the clinical outcomes assessed, with reductions of spastic symptoms, 
decreasing the hypertonia of the ankle plantar flexors (MAS), and the frequency of spasms (Penn scale), 
as well as improvements in functionality and quality of life. These results are in accordance with the 
results obtained in previous studies in which lower limb spasticity was measured with the MAS and A-
PROM in stroke patient[26-29]. We have always performed the MAS and A-PROM with the knee 
extended, and we did not compare the assessment with the knee extended and the knee flexed. 
Consequently, the extensibility of the gastrocnemius muscle could influence the results obtained. 
However, the study performed by Radinmehr et al[30] compared both positions and found positive 
results after ESWT, independent of the knee position. The improvements in the MAS and A-PROM may 
be explained by the effect of rESWT on structural muscle properties, changing the muscle extensibility 
and leading, as secondary result, to an increase in the articular ROM[31].

The positive findings regarding functionality and quality of life could be related to the reduction of 
the hypertonia. The gastrocnemius and soleus are lower limb muscles with prominent roles in walking 
and standing. Ankle dorsiflexion is a key factor in the gait cycle, being necessary during the swing 
phase[32]. The reduction of plantar flexor hypertonia could improve the position of the lower limb, 
giving more independence in the daily life activities and improving the patient's self-rated health.

The modulation of the muscle tone after rESWT can be used to perform antagonistic muscle exercises, 
ankle mobilizations or functional activities immediately after the treatment. It has been evidenced that 
rESWT added to the conventional therapy of patients with a stroke can be a beneficial option to enhance 
the effects of other interventions[33]. In one study, rESWT combined with botulinum toxin A injections
[34] had a greater significant effect in the reduction of muscle tone compared with other therapies. 
Another study assessed hamstring tightness in healthy people. rESWT was performed in addition to 
hamstring stretching, showing significant changes in muscular flexibility compared with only stretching 
at the end of treatment and 4 wk of follow-up[35].
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This case report found that passive resistive force to ankle dorsiflexion decreased after rESWT 
without differences in the knee position. However, the velocity had a significant effect on the passive 
resistive force. The changes did not persist and the resistance to ankle mobilization was increased 
especially with the knee extended position at T2 during the high velocity assessment. The velocity-
sensitive ankle plantar flexor response suggests the presence of a hyperactive stretch reflex, as was 
found in the study by Radinmehr et al[30]. In contrast, the changes in passive resistive force measured at 
low velocity were longer-lasting effect one week after the end of treatment, which may corroborate that 
the effect of rESWT was focused on the fibrosis muscle component, improving the viscoelasticity of 
hypertonic muscles.

ESWT is a novel and effective method for improving spasticity. Nevertheless, the mechanism behind 
the positive effects of rESWT are not completely understood. Previous studies have suggested that the 
thixotropic effect of ESWT induces cellular metabolic effects. It may modulate endogenous nitric oxide 
(NO) production, which plays a crucial role in the reduction of hypertonia. NO can stimulate 
angiogenesis and neovascularization of tissues, which is related to the anti-inflammatory and analgesic 
effects of ESWT, thereby improving muscle stiffness[36,37]. NO also is involved in important 
physiological functions of the central nervous system, including neurotransmission, memory and 
synaptic plasticity.

To date, there is not enough evidence on ESWT decreasing the excitability of alpha motor neurons. 
According to the results obtained in previous studies, patients that ameliorated the MAS score did not 
show changes in the F-wave amplitude or Hmax/Mmax ratio after ESWT, which measures spinal cord 
excitability[7]. The published literature supports the hypothesis that the mechanism of action of ESWT 
in the reduction of spastic symptoms is related to changes in fibrosis and on the rheological components 
of the chronic hypertonic muscles rather than on a neural level[33].

Related with the treatment dosage used, previous studies have shown that 1500 shots reduced the 
spasticity of ankle plantar flexors in patients with stroke[26,27]. The results obtained in a meta-analysis 
concluded that there is no evidence that higher dosage (> 1500 shots) or higher treatment frequencies (> 
12 Hz) had greater effectiveness in stroke spasticity[11].

This case report has some limitations that should be considered. Firstly, we used the MAS as a tool for 
muscle tone evaluation because it is widely used and easy to administer. However, it is a subjective 
scale with high variation in reliability, which measures the muscle tone at rest. Furthermore, this scale 
does not differ if the resistance during the stretch has a neural or mechanical component. Secondly, the 
short-term period of follow-up limited to 1 wk, occasioned by the patient being discharged from the 
hospital, was not enough to determine the durability effect of ESWT. Thirdly, the dosage and 
parameters employed were based on previous studies in patients with stroke. We do not know if higher 
dosages of rESWT or a greater number of sessions would have the same results in the outcomes 
assessed. This is a single case in a patient with an incomplete SCI, further studies with larger samples of 
patients, double-blind designs and long-term follow-ups that would detect the real therapeutic effects of 
rESWT are required.

CONCLUSION
The results obtained in this case report and the absence of adverse effects points to the possibility of 
rESWT becoming an alternative non-invasive method for improving spastic symptoms, A-PROM, 
passive resistive force in the plantar flexors, functionality, and quality of life in patients with a SCI in the 
short-term. Further formal controlled studies recruiting larger sample sizes with longer period of 
follow-up are required to analyse the effectiveness and long-term effects of rESWT on hypertonia of the 
plantar flexors in patients with a SCI.
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