
Int J Physiother Res 2018;6(1):2613-18.     ISSN 2321-1822 2613

Original Research Article

EFFECT OF DIFFERENT ENERGY LEVELS OF RADIAL SHOCK WAVE
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Background and purpose: Spasticity in the hands and a wrist is a major problem in the management of stroke
patients. Different energy levels of shock wave therapy (SWT) have been used for treatment of spasticity. So, the
purpose of the study was to compare the effect of two different energy levels of radial SWT on spastic muscles of
the hand and wrist in patients affected by stroke.

Materials and Methods: Patients randomly assigned into two groups. Group A received the low energy radial SWT
while group B received the medium energy radial SWT. Spasticity of wrist and fingers was evaluated using
Modified Ashworth Scale (MAS), range of motion (ROM) of the wrist was evaluated using digital goniometer and
pain was measured by Visual Analogue Scale (VAS).

Results: there was a significant decrease in MAS scores of the wrist flexors and fingers flexors muscles post
treatment for both groups (P<0.05). The ROM was significantly increased post treatment from (48.46±2.09) to
(70.02±3.23) for group A and from (49.15±1.95) to (79.13±3.42) for group B. Also VAS scores was a significantly
decreased in both groups post treatment.

Conclusion: Radial SWT is an effective therapeutic tool in reducing flexor spasticity of the wrist and hand in
patients with stroke.  Moreover, the medium energy level was superior to the low energy level in regarding to the
measured treatment outcomes.
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Spasticity, which is a component of the upper
motor neuron syndrome, is a neurological symp-
tom frequently appearing in stroke patients and
is defined as a velocity dependent increase in
muscle tone with exaggerated tendon reflexes.
It has been reported that spasticity appears in
approximately 35% of stroke patients [2].
Increase in muscle tone in the hands and a wrist
is a major problem in the management of chronic
hemiparetic patients and may seriously impair

Stroke is a leading cause of long-term disability
in adults. It is one form of upper motor neuron
lesions which are characterized by lack of corti-
cal drive leading to disorganization of the
motor output for the muscles in the form of lack
of descending excitatory impulses to these
muscles [1,2]. Hemiplegia due to stroke
accounts for the majority of admissions to the
rehabilitation clinics [3]..
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dressing, washing, and other activities of daily
living. Muscle hypertonia will produce a series
of complications causing changes in the com-
ponents of muscles and subsequent stiffness in
tendons and joints [4].
Different treatment methods have been used for
treatment of spasticity include physical therapy,
oral anti-spastic drugs, chemical nerve block and
motor point block using phenol or ethyl alcohol
and botulinum toxin injection [5,6]. It has been
reported that muscular injections of botulinum
toxin type A decreases muscular tone in hyper-
tonic muscles of the hand, with improvement in
the use of the upper limb and a decrease in com-
plications [7-10].  However, the development of
neutralizing antibodies can reduce the efficacy
of treatment. In addition, the dosage of botuli-
num is not always sufficient to treat extensive
and severe hypertonia in upper and lower limbs
[11].
The necessity of new noninvasive treatment
methods for spasticity has been raised because
spasticity cannot be controlled sometimes even
with diverse treatment methods as well as due
to the existing side effects of oral drugs and the
invasiveness of local treatment methods [12].
Recent studies indicated that shock wave
therapy (SWT) is an effective method for treat-
ing spasticity, it is being considered as a new
alternative treatment method for spasticity [13-
18].  The radial SWT is a new noninvasive
alternative therapeutic method based on tech-
nology generating non-focused shockwaves. It
doesn’t require anesthesia or analgesics with
high comfort of the therapy, also it does not
cause muscle weakness in patients with stroke
[19-22].
The most important parameter of SWT for the
outcome of treatment is the energy [23]. Differ-
ent energy levels have been used in the previ-
ous studies for treatment of spasticity without
any proven clinical benefits for certain energy
level over the other [13-22]. So, the purpose of
the study was to compare the effect of two
different energy levels of radial SWT on spastic
muscles of the hand and wrist in patients
affected by stroke.

MATERIALS AND METHODS

Participants: Forty male patients having upper

limb spasticity post stroke were recruited for the
study from neurological outpatient clinics of
Cairo University hospitals and National Institute
of Neuromotor System Cairo Egypt, their age
were ranged from (40–65) years. Patients were
randomly assigned into two equal groups, with
the following inclusion criteria: first time
unilateral stroke with hemiparesis, the duration
of illness were at least three months post stroke,
eligible patients had spasticity of the wrist flexor
and fingers flexors exceeding 1+ on the Modi-
fied Ashworth Scale (MAS) [11], medically stable
and able to understand the instruction. Local-
ization of the lesion was proved by Computed
Topography and/or magnetic resonance imag-
ing.
Patients were excluded if they had prior treat-
ment of the upper limb with any botulinum toxin
serotype or with phenol, alcohol, or surgery and
any known contraindications for radial SWT. The
research design was randomized, single-blinded
clinical trial. Randomization was performed by
a statistician who was blinded to the study treat-
ment and procedures’ details. It was performed
simply by adding a specific identification num-
ber for each patient. A SPSS program (version
20) was used to randomly assign the patients
into two equal groups (n=20). A written informed
consent in accordance with the Declaration of
Helsinki was signed by each participant before
the beginning of the study. Confidentiality and
anonymity of patient’s data was considered and
they have the right to withdraw from the study
at any time.
Outcome measures
Passive wrist range of motion: Digital goniom-
eter was used to evaluate the passive range of
motion (ROM) of the wrist. The digital goniom-
eter has adequate concurrent criterion-related
validity as a tool for assessment of joint ROM
and equivalent inter- and intra-rater reliability
to the universal goniometer [24]. Passive ROM
of the wrist was measured pre and post treat-
ment by measuring the angles of the maximum
flexion and the maximum extension and sum-
ming up the angles using digital goniometer [12].
Pain intensity: Visual Analogue Scale (VAS) was
used to assess pain intensity. It consists of a
10-cm straight line anchored at one end by a
label such as “no pain” and at the other end by
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a label such as “the worst pain imaginable”. It
was reported as valid and reliable tool for pain
assessment [25,26]. Pain intensity were mea-
sured during passive ROM evaluation of the
wrist in extension pre and post treatment. The
patient was instructed to simply mark the line
to indicate pain intensity and the provider then
measures the length of the line to the mark on
the scale.
Spasticity of wrist and fingers: The MAS from
0 to 4 (0= No increase in muscle tone to 4= Af-
fected part(s) rigid in flexion or extension) was
used to assess spasticity. It was reported as
valid and reliable tool for assessment of spas-
ticity[27,28]. Spasticity of wrist and fingers were
measured pre and post treatment using MAS,
for convenience in the statistical analysis, MAS
1+ was substituted by 2, and 2, 3, and 4 were
substituted by 3, 4, and 5, respectively [12].
Procedures: All patients were treated with the
traditional physical therapy program which
consisted of appropriate positioning of the
extremities, mobility training, range of motion
exercises, passive stretching exercise, standing
up and balance training, and also training of
daily living activities to improve functional
status. Patients were randomly assigned into
two equal groups. Group A: Twenty patients were
treated with traditional physical therapy
program plus radial SWT which consisted of 2
bar intensity (low energy level), 1500 shots were
used to treat flexor muscles of the forearm and
3200 shots for palmar interosseus muscles of
the hand (800 shots for each muscle) at a
frequency of 8 Hz. Group B: Twenty patients were
treated with traditional physical therapy
program plus radial SWT which consists of 4 bar
intensity (medium energy level), 1500 shots
were used to treat flexor muscles of the fore-
arm and 3200 shots for palmar interosseus
muscles of the hand (800 shots for each muscle)
at a frequency of 8 Hz. Radial SWT was given
one session per week for four weeks for both
groups. Intellects® RPW Shockwave by Chatta-
nooga Corporation was used to deliver stimula-
tion to the spastic muscle. It has the following
technical specifications; compressed air output
(1.4 - 5) bars, frequency (0.5 - 21 Hz), pulses or
shots (10 – 10,000), size of applicator 15 mm
and penetration depth (0 - 50 mm). It has unique

optimal energy level adjustment feature that
allows gradual ramping of the intensity during
treatment which provide inherent safety as dem-
onstrated by the manufactures guidelines.
Statistical analysis: Data analysis was
performed by SPSS (Version 20) for Windows.
Descriptive statistics including the mean and
standard deviation was used to describe
general characteristics of subjects and outcome
variables. Student-t-test was used to determine
significant differences between groups. The
P-value < 0.05 was taken as significant.

Participants characteristics of both groups
presented in table (1). There were no signifi-
cant differences between both groups regard-
ing age, body mass index (BMI) and duration
after stroke onset as (P>0.05).

RESULTS

Table 1: Demographic characteristics of participants.

Group (A) Group (B) Comparison
Mean ±SD Mean ±SD P-value

Age (year) 54.47± 3.85 55.25± 4.05 0.536
Body mass 

index(Kg/m2)
26.33± 2.12 27.22± 2.36 0.217

Duration after stroke 
onset (months)

11.46± 1.68 10.69± 1.24 0.107

Side of hemiplegia 
(Right/Left)

(7/13) (6/14) -------

Stroke type [n (%)] 
Ischemic [9 (45.00)] [8 (40.00)]

General Characteristics

[11 (55.00)] [12 (60.00)]
---------

Hemorrhagic

 ± SD: Standard Deviation, P> 0.05 Non-significant

The results revealed that, there was a signifi-
cant decrease in MAS scores of the wrist
flexors muscles post treatment from (3.60±0.25)
to (2.50±0.12)  for group A and from (3.55±0.36)
to (2.04 ±0.11) for group B. Also the MAS scores
of the finger flexors muscles was significantly
decreased post treatment from (3.28±0.64) to
(1.70± 0.16) for group A and from (3.19±0.57) to
(1.35 ±0.14) for group B. The ROM was signifi-
cantly increased post treatment from
(48.46±2.09) to (70.02±3.23) for group A and
from (49.15±1.95) to (79.13±3.42) for group B.
Moreover, the results revealed that, there was
a significant difference between both groups in
the MAS scores and ROM values as (P=0.001).
Regarding to VAS scores, the results revealed
that, there was a significant decreased in VAS
post treatment from (5.73 ±0.62) to (2.84 ±0.25)

Khaled Z. Fouda, Waleed T. Mansour. EFFECT OF DIFFERENT ENERGY LEVELS OF RADIAL SHOCK WAVE THERAPY ON SPASTICITY IN PATIENTS
WITH STROKE.



Int J Physiother Res 2018;6(1):2613-18.     ISSN 2321-1822 2616

for group A and from (5.56 ±0.59) to (2.73 ±0.24)
for group B. While there was no significance
difference between both group in VAS values as
(P=0.163) as shown in table (2).
Table 2: Comparing mean values for the measured
outcomes for both groups.

Group Group Group Group 
(A) (B) (A) (B)

Pre-treatment Post-treatment

P-value P-value

Ashworth wrist 
flexors

3.60±0.25 3.55±0.36 0.612 2.50±0.12 2.04 ±0.11

Parameter

0.001*

Ashworth finger 
flexors

3.28±0.64 3.19±0.57 0.641 1.70± 0.16 1.35 ±0.14 0.001*

0.001*

Pain intensity 
(VAS)

5.73 ±0.62 5.56 ±0.59 0.38 2.84 ±0.25 2.73 ±0.24 0.163

Range of motion 48.46±2.09 49.15±1.95 0.287 70.02±3.23 79.13±3.42

  ± SD: Standard Deviation, * P< 0.05 Significance

The mechanisms underlying the beneficial
effects of SWT on spasticity are still unclear.
Previous studies have proposed that SWT may
affect the production of nitric oxides (NO) [30],
modify spinal cord excitability [31], or affect the
Golgi tendon organ [14] or mechanical vibration
[11]. NO, which is generated by SWT, is involved
in neurotrans-mission, memory formation, syn-
aptic plasticity in the central nervous system and
in the formation of neuromuscular junctions in
the peripheral nervous system. So, NO seems
to play important roles in spasticity-reduction
mechanisms [32,33]. Kenmoku et al. observed
rapid degeneration of acetylcholine receptors
after SWT application and pointed out that these
consequences were very similar to those of a
neuromuscular transmission inhibitor like botu-
linum toxin. However, unlike botulinum toxin, no
obvious weakness in the target muscle [34].
Chronic spasticity itself would further worsen
joint resistance through fibrosis of inactive
connective tissue due to structural and mechani-
cal changes in the muscle [35]. So, reducing the
stiffening of connective tissue caused by fibro-
sis of chronic hypertonic muscles would dimin-
ish spasticity [11]. Mechanical and physical
impact on tissues exposed to SWT has been
found to depend on energy flux density and these
tissues could convert SWT stimulation into
biochemical signals which leads to cell
responses and increased protein synthesis [36].
The results of the current study may suggests
that, the mechanical load impacted on the
treated tissues with the medium energy level (4
bars intensity) was greater due to increased
pressure compared with the low energy level
(2 bars intensity) leading to overstimulation
effect of the treated tissues than the low
energy level.

DISCUSSION
The purpose of the study was to compare the
effect of two different energy levels of radial
SWT on spastic muscles of the hand and wrist
in patients affected by stroke. The principal
findings of the present study showed that, both
energy levels used during treatment resulted in
a statistical significant decrease in the level of
spasticity as indicated by the MAS scores and
also, there was a statistical significant increase
in the ROM values for both groups. Furthermore,
the medium energy level (4 bar intensity) was
better than the low energy level (2 bar inten-
sity), as there was a statistical significance
difference between both groups in the values
of MAS and ROM. Regarding to the pain inten-
sity level, it showed a statistical significant
decrease for both groups as indicated by the VAS
values but without significance difference
between the two energy levels used during the
treatment.
The results of present study were in agreement
with previous studies that showed that radial
SWT has a positive effect on spasticity in
patients with stroke and cerebral palsy [11,20-
22,29]. Standard guidelines for the use of SWT
on soft tissue have not been established. How-
ever repeated sessions of radial SWT result in a
more noticeable and longer-lasting effect [22].
Radial SWT is characterized by having a larger
therapeutic area compared with focused SWT.
So, radial SWT is more suitable for treating
spasticity because it can be applied to the whole
muscle belly rather than a small spot in the
muscle [11,29].

CONCLUSION
Radial SWT is an effective therapeutic tool in
reducing flexor spasticity of the wrist and hand
in patients with stroke.  Moreover, the medium
energy level (4 bars intensity) was superior to
the low energy level (2 bars intensity) in regard-
ing to the measured treatment outcomes.
Ethical clearance: The authors certify that this
study involving human subjects is in accordance
with Helsinki declaration of 1975 as revised in
2008.
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