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Background: This study aimed to compare the effects of therapeutic ultrasound (US)
and radial extracorporeal shock wave therapy (rESWT) in the treatment of plantar
flexor spasticity after stroke. Materials and Methods: In this prospective, single-blind,
randomized clinical trial, 32 patients (age range 42-78 years; male 19) with stroke
were randomly divided into two groups: The US group (n = 16) received the continu-
ous ultrasound, intensity 1.5 w/cm?, frequency 1 MHz, and duration 10 minutes.
The rESWT group (n = 16) was treated with rESWT, 0.340 mJ/mm?, 2000 shots. Both
groups received the treatments for 1 session. The H-reflex tests of Hmax/Mmax ratio
and H-reflex latency, the Modified Modified Ashworth Scale (MMAS), active range
of motion (AROM), passive range of motion (PROM), passive plantar flexor torque
(PPFT), and the timed “up and go” test (TUG) were blinded assessed at baseline (T0),
immediately post-treatment (T1), and one hour follow-up (T2). Results: The H-reflex
tests did not improve across the groups. However, the MMAS spasticity scores,
AROM and PROM, PPFT, and TUG improved significantly within groups. The
results found no significant differences between groups for all outcome measures.
Conclusions: The US and rESWT had similar effects, and the rESWT was not more
effective than the US in improving ankle plantar flexor spasticity after stroke.
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Introduction

Spasticity is a common and disabling problem in patients
with stroke observed approximately in 50% of patients.'”

tissue contractures, functional limitations and reduced qual-
ity of life.”"" Muscle spasticity after stroke may be treated

Classically, spasticity has been defined by Lance (1980) as a
motor disorder characterized by a velocity-dependent
increase in muscle tone due to hyperexcitability of the
stretch reflex.” The alterations in neural networks as well as
abnormality in the mechanical properties of the muscles
have been suggested as possible mechanisms underlying
spasticity.”” Severe spasticity must be managed as it may
cause secondary long-term complications such as pain, soft

using oral medicine, botulinum toxin injection, intrathecal
therapy, and physiotherapy. Physiotherapy is the main
treatment of the multimodal strategy for the management of
spasticity.” %'

Physiotherapy uses several strategies to treat spasticity
among them are modalities such as therapeutic ultra-
sound (US) and extracorporeal shock wave therapy
(ESWT). Therapeutic ultrasound is a kind of mechanical
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energy with a frequency typically between 1.0 and
3.0 MHz. The US can be used in continuous or pulsed
mode. Continuous US is primarily indicated where tissue
heating is preferred.

The shock wave is an acoustic, compression wave with
high amplitude, and rapid pressure changes of a high fol-
lowed by a low pressure phase. The typical conventional
focal type of shock wave is recognized with high peak
pressure (100 MPa), fast pressure rise (<10 ns), and short
duration (10 ps). The shock wave can be transmitted to
the area with an energy density ranging between 0.003
and 0.89 mJ/mm?. The radial extracorporeal shock wave
therapy (rESWT) is distinguished from the focused type
with lower peak pressure (0.1 MPa), longer rise time (50
Ws), and duration between 200 and 2000 ps.'® Therapeu-
tic US and rESWT have been used in previous investiga-
tions in people with various neurological conditions.'”*’
However, there is no study comparing the effects of thera-
peutic US and rESWT in people with stroke. Therefore,
the aim of this study was to compare the effects of thera-
peutic US and rESWT in the treatment of plantar flexor
spasticity after stroke.

Methods

This study used a prospective, single-blind randomized
design. The study protocol and methods were approved
by the Review Board, School of Rehabilitation, and the Eth-
ical Committee of Tehran University of Medical Sciences
(TUMS), Iran.

Participants

Eligible participants were included in the study if they
met the following inclusion criteria: (1) first-ever stroke;
(2) stroke duration of at least 1month; (3) age range
between 40 and 70 years old; (4) a score >1on the Modi-
fied Modified Ashworth Scale (MMAS) for ankle plantar
flexor spasticity; (5) able to walk independently with or
without assistive aids; (6) able to follow instructions.
Patients were excluded from participating in the present
study if they had the following criteria: (1) more than 10%
reduction in the affected ankle dorsiflexion range of
motion (ROM) compared to the unaffected side; (2) taking
antispastic drugs; (3) currently being under treatment for
spasticity; (4) participating in other study concurrently;
(5) having diabetes; (6) wound or infection in the affected
lower limb;(7) presence of sensory disturbances; (8) pres-
ence of any other neurological disorder; (9) contraindica-
tions to US or rESWT.

Procedure

Patients referred to the Physiotherapy Clinic for Stroke,
School of Rehabilitation, TUMS, were evaluated for the inclu-
sion and exclusion criteria. First, oral, and written informed
consent was obtained after describing the procedure to the

patients. Subsequently, patients were randomized using a
blocked randomization method to either US or rESWT
group.

The outcome variables were measured three times at
baseline (T0), immediately post-treatment (T1), and
1 hour post-treatment (T2).%° All assessments were carried
out and interventions were given in the same Physiother-
apy Clinic. Measurements were performed in a random
order by a physiotherapist who was not involved in the
administration of the interventions and was blinded to
treatment allocation of the patients.

Intervention

Various treatment protocols (Intensity 0.03 to 0.63 m]/
mm?, Frequency 4-10 Hz) were previously used for rESWT.
Patients in the rESWT group received a single session of
rESWT (enPuls Version 2.0, Zimmer Medizin System, Ger-
many) in the gastrocnemius bulk with the following protocol:
head applicator 15 mm, 2000 shots, frequency 5 Hz, energy
density of 60 mJ (1 bar), energy applied 0.340 mJ/mm?*’

Patients in the US group received a single session con-
tinuous ultrasound (Shrewsbury Medical, model SM
3371, United Kingdom) applied to the gastrocnemius bulk
with the following protocol: frequency 1 MHz, intensity
1.5 W/cm?, duration 10 minutes.!” Participants in both
groups received the treatments in the prone position.

Outcome Measures

Measurements described and used previously were
followed.””

MMAS

Plantarflexor spasticity was assessed using the Persian
MMAS”' from 0 meaning no increase in muscle tone to 4
meaning affected part rigid in flexion or extension™ >’
with the knee flexed 30° for soleus spasticity or the knee
in the extended position for gastrocnemius spasticity.

Ankle ROM

Patients were positioned supine on a bed, and the active
ROM (AROM) and passive ROM (PROM) were measured
using an ankle biplane goniometer (Bissell Health Care,
model 7524) with the knee flexed 30° for soleus extensibil-
ity or extended for gastrocnemius extensibility. Evaluat-
ing ankle AROM and PROM was started at rest position
regardless of ankle plantarflexion or dorsiflexion position,
and motion performed to dorsiflexion end range.

Passive Plantar flexor Torque (PPFT)

To measure PPFT (Nm), the physiotherapist followed
the method similar to that used for clinical assessment of
plantarflexor spasticity using a hand-held dynamometer
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(North Coast Medical dynamometer, model 2845). Meas-
urements were taken with the knee in flexed or extended
position at low (approximately 3 seconds) as well as high
(approximately 1 second) velocities with the orders deter-
mined randomly. A one-minute interval was employed
between these tests. The high reliability measurement of
resistive torque using the hand-held dynamometer have
been shown previously.”**’

Timed Up and Go (TUG) Test

The TUG test was used to assess the mobility and
dynamic balance in our sample of patients with
stroke.”’”! The patients were instructed to sit on a stan-
dard height chair, stand-up and walk for 3 meters, then
turn around, and walk back and sit again on the chair. A
stopwatch was used to record the time in seconds as the
TUG test score.

H-reflex Tests

The Medelec electromyography machine, TD50 TEKA
model, United Kingdom, was used to record the maximal
H-reflex, the maximal M-wave, and the H-reflex latency.
To record the H-reflex parameters, the patients were in a
prone position with their head turned to one side, and
their feet suspended over the end of the bed. The surface,
self-adhesive recording, and reference electrodes were
placed on the skin over the soleus muscle and the Achilles
tendon, respectively. The ground electrode was placed
over the lateral gastrocnemius muscle between the stimu-
lation and the recording electrodes. Once the placements
of the electrodes were adjusted, the tibial nerve was stim-
ulated at the popliteal fossa (a single, 1-ms rectangular
electrical pulse, stimulus frequency 1 per 5 seconds) with
the bipolar silver-silver chloride surface electrode, 5 mm
in diameter. The signals were recorded with band-pass fil-
ter set at 5 Hz to 3 kHz, sweep speed at 5 msec/div, and
sensitivity at 500 V-2 mV/div. The Hyax and M.y with
largest amplitudes were achieved; the Hpay divided by
the M. was calculated as the Hya/Mmax ratio.

The time measured from the beginning of the stimula-
tion to the start of the initial deflection of the H-reflex
wave was recorded as the H-reflex latency. The H-reflex
tests are reliable measures for assessing motor neuron
excitability after stroke.”

Sample Size

A power analysis was conducted using G*power 3.1.9.2
with the Hyax/Mmax ratio as main outcome measure and
data provided previously.'” The analysis produced a sam-
ple size of 15 per group indicating sufficient to achieve
80% power at an alpha of 5%.
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Statistical Analysis

The statistical analyses were performed with SPSS ver-
sion 21(SPSS, Chicago, IL). The normal distribution of data
for all variables was demonstrated by the Kolmogorov-
Smirnov test. A general linear model, two-way mixed anal-
ysis of variance (ANOVA) was performed for continuous
data. The Bonferroni adjustments were used to determine
the differences between testing time points. The Green-
house-Geisser estimate of sphericity was applied to correct
the degrees of freedom when the Mauchley's test revealed
nonhomogeneity of variances. The Friedman's test was
used to test for the effects of interventions on spasticity
assessed by an ordinal MMAS. A post-hoc Wilcoxon
Signed-Rank Test was applied for paired differences
between the testing time points within groups. The differ-
ences between groups on the MMAS spasticity outcome
were investigated using the Mann-Whitney U test. The
statistical significance was set at P < .05.

Results

A total of 32 patients equally assigned to the groups
completed the study. The demographic data of the two
groups are shown in Table 1. There were no significant
differences between groups on age, stroke duration, and
body mass index (P > .05). Repeated Measure ANOVA
showed no significant difference between groups at TO in
all quantitative variables, but Man-Whitney test showed
significant difference between groups in MMAS at TO;
two subjects had MMAS score 3 in the rESWT group that
contributed to the significant difference between groups
at baseline.

MMAS Score

The median scores in both groups are demonstrated in
Table 2. The MMAS scores improved in both groups
regardless of knee positions (Friedman's test, P < .001),
and the MMAS scores at T1 and T2 improved compared
to TO (Wilcoxon Signed-Rank Test, P < .05). The MMAS
scores were not statistically different between groups in
the knee flexed or extended position (Mann-Whitney U
test: P > .05).

Table 1. Demographics of patients in both groups presented as
mean £SD or frequency (n)

US Group  rESWT Group
n=16) (n=16)
Age, years 56.2 £ 84 56.0 £12.3
BMI 28.0+4.9 29.2 £ 3.8
Stroke onset, months 36.8 £ 15.1 34.4 +£20.5
Gender (male/female), n 10/6 9/7
Affected side(right/left), n 5/11 7/9

US, ultrasound; rESWT, radial extracorporeal shock wave
therapy.



THERAPEUTIC ULTRASOUND VERSUS RADIAL SHOCK WAVE THERAPY IN THE TREATMENT OF PLANTAR FLEXOR SPASTICITY 1549

Table 2. The Modified Modified Ashworth Scale (MMAS) scores in the knee flexed and extended positions in both groups presented as median (Interquartile range) at baseline (T0),

immediately after treatment (T1), and 1hour after treatment (T2).p value presented for Friedman and Mann-Whitney tests

rESWT Group (n=16)

US Group (n=16)

Knee extended Knee flexed Knee extended

Knee flexed

T2*

T1*

TO

T2*

T1*

TO

T2+

T1*

TO

T2

T1*

TO

1(0.25-1) 1(0.25-1)

1(0-1) 100-1) 1(1-2) 1(0-1) 1(0-1) 2(1-2) 1(0-1) 1(0-1) 2(2-2)

1(1-1.75)

MMAS scores

Between groups comparison.

=.53.

.04, T1 P=.53,T2 P

.74, (Knee extended) TO P

.06, TIP=.74,T2P=

Mann-Whitney test (Knee flexed) TO P

*Significant compared to TO.

Ankle ROM

The both active and passive ankle range of motion are
demonstrated in Table 3. The ankle AROM (F; 27, 3825 =24.50,
P < .001) and PROM (F 49, 4208 =4542, P < .001) with knee
flexed or extended significantly improved in the both groups
at T1 and T2 compared to TO. There were no main effects of
group (F;, 30 = 0.31, P=.58) or knee position on AROM
(F 1, ¢o=144, P=23). However, there was a main effect of
knee position for PROM, and the PROM in the knee flexed
position was greater than that in the knee extended position
(Greenhouse-Geisser: F 1, ¢o=5.19, P =.03). The ankle AROM
(Group x Time interaction, Fips 7419=0.32, P=.62) was
not different over time between groups and PROM
(Group x Time interaction; F 141, g43, =4.81, P =.02) was dif-
ferent over time between groups. Besides, no Time and Posi-
tion interaction was revealed for AROM (F;24, 7410=1.16,
P=3) and PROM (F 141, 8132=0.37, P=.62).Three factor
ANOVA revealed time x position x group interaction for
PROM (F 4, 8432 =4.88, P =.019), and no interaction between
time, position, and group for AROM (F 23, 7419 = 0.66 P = 44).

PPFT

The Table 3 demonstrates the PPFT for both groups. There
was a main effect of time regardless of knee position (flexed
vs extended) or velocity (low vs high) (P < .001). Regardless
of knee position (flexed versus extended), the PPFT decreased
in the both groups when low (F 5, 69 =12.23, P < .001) or high
velocity (F 5, ¢o=14.37, P < .001) was applied at T1 and T2
compared to TO. But no significant differences existed
between groups (P > .05).

Further ANOVA with position and velocity as between-
subject factors and time as the within-subject factor demon-
strated a main effect for time (F 5, 249 = 5.16, P = .006), velocity
(F 1, 120=149.64, P < .001) and position (F 1, 120="7.49,
P =.007). The PPFT in the knee extended position and the
high velocity was greater than those in the knee flexed posi-
tion and the low velocity, respectively. The Time x Position
interaction was significant (F 5, 40 = 3.40, P = .04).

The Time x Group (F 5, 240 =047, P =.62), Time x Velocity
(F 2, 240=1.20, P =.30), or Time x Position x Velocity interac-
tion (F 5 240=0.04, P=.96), or Time x Position x Group
(F 2240=0.07, P=.93), or Time x Velocity x Group
(F2240=0.35, P=.7), or Time x Position x Velocity x
Group interaction (F; 249 = 0.68, P = .51) was not statistically
significant. However, the Time x Position interaction was
significant (F 5, 240 = 3.40, P =.04).

TUG

The TUG scores decreased in the two groups (ANOVA
time-effect: test F1.64, 49.35=10.40, P < .001) at T1 compared
to TO. Difference between T1 and T2 was not statistically sig-
nificant. There was no significant difference between groups
(F 130 = 0.02, P =.89). The Time x Group interaction was not
significant (F 1 64, 4935 =129, P = 28) (Table 4).
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Table 3. The Mean + standard deviation (range) of ankle active range of motion (AROM), passive range of motion (PROM), and passive plantarflexor torque (PPFT) at knee flexed and §

extended positions before treatment (T0), immediately after treatment (T1), and 1hour after the end of treatment (T2)

rESWT Group (n=16)

US Group (n=16)

Knee extended Knee flexed Knee extended

Knee flexed

T2
11.3 +12.4%
(0.0-37.0)

T1

TO
8.2+10.8 11.7 £ 12.5*%

(0.0-32.0)

T2
13.8 £ 12.7*
(0.0-37.0)

T1

TO
10.5 £ 11.0 14.1 £ 12.4*

T2
11.9 £9.0*
(0.0-30.0)

T1
122 +£9.1%
(0.0-31.0)

TO

9.1£75

T2
16.9 + 11.6*
(0.0-36.0)

Tl
16.3 £ 11.4*
(0.0-36.0)

TO

AROM (degree) 11.94+9.3

(0.0-37.0)

(0.0-35.0)

(0.0-32.0)

(0.0-23.0)

(0.0-30.0)

PROM (degree) 27.4+49 32.04+ 64*

28.1 £ 7.6
(12.0-38.0)

20.6 £8.0 28.1 £7.2%

(8.0-33.0)

30.6 + 8.4+
(12.0-45.0)

27.6 £4.9% 261 £8.7 31.2+£7.9%

249 +£43 285+5.6%

323 4 5.0%
(21.0-40.0)

(15.0-40.0)

(17.0-32.0) (18.0-43.0) (19.0-37.0) (10.0-45.0) (15.0-45.0)

146 +£43

(18.0-35.0) (21.0-45.0)

124+ 3.1

13.2 £ 3.5%

155+34 13.5+£3.2%

12.5 £ 2.6*

13.2 £3.8% 13.3£2.8 12.5+£2.3%

13.1 £4.3*

11.1 £2.9*

11.2 £ 3.0

PPFT (slow

velocity) (N.m)

(7.9-22.4)

(10.5-24.7) (8.1-21.9)

(7.8-17.1)

(7.8-15.6)

(5.4-119.3) (8.1-17.5)

(5.6-20.4)

(5.2-16.0) (8.0-23.1)

(5.8-15.8)

(6.8-16.5)

20.9 £ 5.0*

225+4.8 21.0+£5.0%

18.9 £ 4.5*

18.54£3.5%

20.9 £ 4.3* 20.84+4.6

21.9+4.6 21.2+45*

20.7+£49 194 +42% 19.5+3.6%

PPFT (high

velocity) (N.m)

(14.7-34.1) (13.6-32.6) (13.3-33.6)

(11.5-28.7) (10.9-28.2) (11.9-28.3) (14.1-32.5) (13.3-25.4) (13.1-31.3)

(12.7-26.0)

(10.9-32.9) (10.6-25.8)

*Significant compared to TO.
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H-reflex Tests

The H-reflex latency increased in the both groups
(F 260=146, P < 0.001), but no difference in the H-reflex
latency was found between groups (F 130=0.78, P=.38).
There was no significant main effects of time (F 147,
5004 =120, P=.3) or group (F 150=176, P=.19) for Hyax/
Mpax ratio. No Time x Group interaction was found for
Hinax/Mmax ratio (F 5, ¢o=146, P=.24) and H-reflex latency
(F 2, 60=0.82, P= 45) (Table 4).

Discussion

This comparative study found that (1) within group,
both US and rESWT improved all the outcomes with the
exception of Hyax/Mmax ratio, and this effect persisted for
1 hour, and (2) improvements were not different between
groups. To our knowledge, this study is the first prospec-
tive, randomized, single-blinded, clinical trial to compare
the benefits of physiotherapeutic ultrasound and rESWT
for plantar flexor spasticity after stroke.

Impact on Spasticity

At the end of treatment, patients in the both groups
improved the plantar flexor spasticity. Clinical effects of
US"% and rESWT**°™ on spasticity in patients with
plantar flexor spasticity has been assessed by previous
studies. Two studies assessed the effects of US alone. One
pilot, pretest-post-test study in four adult patients with first
stroke showed a nonsignificant decrease of plantar flexor
spasticity assessed by the original Ashworth scale.” Inter-
estingly, in another randomized, single-blind, placebo-
controlled study, investigators showed that 15 treatment
sessions of real US, 3 days per week, every other day signif-
icantly improved the Ashworth measure of ankle plantar
flexor spasticity poststroke.'” One more study compared
the immediate effects of therapeutic US and infrared (IR) in
patients with plantar flexor muscle spasticity and found
neither infrared nor US improved the spasticity.”* Further
study compared the effects on spasticity between 2 groups:
10-minute continuous US + passive stretching exercise ver-
sus passive stretching exercise alone, and found that while
the within group improvement of plantar flexor spasticity
in terms of MMAS was statistically significant, but the
combined US with passive stretching exercise was not
more effective on the spasticity improvement than passive
stretching exercise alone.”” Inconsistencies observed across
studies on the effects of US on spasticity could be due to
the differences in methodology, treatment protocol, and
number of subjects included. In the rESWT group, patients
improved the ankle plantar flexor spasticity in agreement
with previous investigations in which beneficial effects of
rESWT on spasticity were found.”"**’

After the end of treatments, the improvement of spastic-
ity observed following either US or rESWT treatment was
not statistically different between the two groups,
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Table 4. The Mean + standard deviation (range) of Time up and go (TUG) test and H-reflex measures before treatment (T0), imme-
diately after treatment (T1), and 1 hour after the end of treatment (T2)

US Group (n=16)

rESWT Group (n=16)

TO Tl ™ TO Tl ™
TUG (second) 208+ 102  19.8+9.7* 198498 2194108  204+£11.0%  19.8+10.8*
(8.2-39.5) (8.4-40.3) (7.5-37.6) (12.0-48.2) (10.5-48.6) (9.8-48.3)
Hinax/Mmay ratio 0374021 038021 0364+0.19 0494023  046+0.24 0.47 +0.22
(0.07-0.92) (0.06-0.86) (0.09-0.85) (0.14-0.88) (0.14-0.90) (0.12-0.88)
H-reflex latency(msec)  29.96 £3.61  30.29 +3.35% 30.7£3.67¢ 30.71£3.07 31.69+3.57% 31.72 +331*
(22.9-37.7) (24.8-37.3) (24.8-39.9) (26.6-38.0) (27.2-40.8) (26.90-39.2)

*Significant compared to TO.

suggesting that the US and the rESWT have similar effects
on ankle plantar spasticity in terms of MMAS scores. In
this study, only one single session of treatment was offered.
Longer treatment protocols with the US or the rESWT may
depict the differences between the two treatments. Hence,
it would be interesting to compare the effects of US versus
the rESWT on spasticity with longer treatment protocols.

Ankle ROM

The AROM of ankle dorsiflexion, in line with previous
reports (US'; rESWT?) increased after treatment regard-
less of group and knee position. These findings indicate the
similar effects of US and rESWT on the ankle active dorsi-
flexion, and knee positions, flexed or extended, had no addi-
tional effects. However, the gain in AROM was low
(maximum ~ mean 5°). The minimally clinically important
changes in AROM have not been evaluated in patients after
stroke. Hence, it is important to estimate the minimally clini-
cally important changes for AROM in patients after stroke,
and relate the results to treatments and patients’ satisfaction.

The very small improvements observed in AROM after
both treatments could be due to the spasticity reductions.
This may imply that the more ankle AROM might be
achieved if the plantar flexor spasticity was improved
more considerably (median changes 1 grade). We evalu-
ated the active ankle dorsiflexion ROM as a potential
marker for improvements in motor control and cortical
networks as it is an essential component for normal walk-
ing. Individuals with stroke who have impairments in ini-
tiation of swing phase®’ and lack sufficient active ankle
dorsiflexion use compensatory movements with the knee
flexion, hip lateral rotation, and pelvic tilt to obtain
toe clearance. Nonetheless, one possible reason for small
improvements in ankle AROM could be the impairments
in neural drive, descending pathways, and integrated sen-
sorimotor network.*"*> The movement training was not
included in the treatment protocol used in the current
study. Combination of US or rESWT with dorsiflexion
movement exercises might improve the outcome. One
more possible reason might be the dosage and parameters
used in the current study. Further works are needed to

determine the optimal technical parameters and dose of
US and rESWT to observe clinically relevant improve-
ments in AROM.

The PROM of ankle dorsiflexion, in line with previous
reports increased after treatment with US”* or
rESWT.?*** Further significant increases at post T2 was
not visible in the both groups, and the improvements
obtain at post T1 remained for 1 hour after the conclusion
of treatment. However, no difference was observed on
ankle PROM between both the US and rESWT groups. No
significant difference between the both groups suggests
that improvement in ankle PROM is not associated with
type of treatment applied particularly US or rESWT. The
decrease in spasticity along with soft tissue biomechanical
changes induced by US and rESWT might have increased
the ankle dorsiflexion PROM in the both groups.'”*"#**

The ankle PROM was significantly affected by knee
position, and the PROM, pre-and post-treatment, was
greater with the knee flexed position than the knee
extended position. However, a recent report to examine
the effects of rfESWT on plantar flexor spasticity after
stroke (n =12) showed that the knee position had no sig-
nificant on the ankle PROM.?’ The difference between the
two studies might be from the larger sample of patients
included in this study. Following stroke, the affected
lower limb is in the extended pattern, and the gastrocne-
mius muscle is typically involved.** The synergic pattern
is associated with higher spas’cici’fy.45 Therefore, the
higher spasticity of ankle plantar flexors in particular gas-
trocnemius muscle could increase the resistance to passive
movement in the knee extended position and subse-
quently reduced the ankle PROM.

PPFT

This study found that the PPFT, regardless of knee posi-
tion and velocity, decreased in the both groups, suggest-
ing that both US and rESWT altered the PPFT and
improved the resistive passive torque for 1 hour after
treatment. A similar effect has been reported in a previous
study evidencing the improvement of PPFT in the patients
treated with the rESWT.”” No previous studies have
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evidenced the PPFT as an outcome in studies of therapeu-
tic ultrasound on spasticity in stroke population. The
improvements of spasticity and ankle PROM may account
for the improvements in the PPFT observed in the both
groups. This study demonstrated no significant differen-
ces between the US and rESWT on the PPFT after stroke.

We observed that the PPFT in the knee extended position,
regardless of group, is greater than the knee flexed position.
The possible reason could be that the hemiplegic lower limb
poststroke is restricted to the extension limb synergy,* and
the extensor synergy in the lower limb is associated with
more spasticity in the extensor muscle groups.”” As such,
the lower limb extensors after stroke present more resistance
than the flexors during passive stretch when assessed in the
lower limb extended position.

The higher PPFT in the knee extended versus knee flexed
position could be due to the more resistance offered by the
gastrocnemius, as well. One study used the rESWT to treat
the plantar flexors in patients after stroke and found no sig-
nificant effects of knee position on the PPFT.” The signifi-
cant Time x Position interaction indicates the greater PPFT
over time in the knee extended position. The significant
greater PPFT encountered with high velocity corroborate
the velocity dependent of spasticity in the upper motor
neuron syndrome including stroke.

TUG Test

The TUG test was used to assess functional mobility and
balance abilities.*” The TUG improved in both groups after
treatment. However, in line with previous report,ZO the
amount of improvement was small (<5% in US group,
<10% in TESWT group). Indeed, the minimal change in the
TUG in patients with stroke is 23% defined as clinically
important and meaningful change.”” The small improve-
ments in TUG score occurred in both groups could be from
the fact that the subjects had ankle plantar flexor spasticity
along with decreased ankle ROM after treatment, which
could have a negative influence on the walking ability and
speed. In this study, patients received only one treatment
session, and the intensive physiotherapy was not provided
in the groups. The US and rESWT combined with task-
specific gait training might improve the TUG score greatly.
Further study with more treatment sessions and in combi-
nation with task-specific gait training is newsworthy. The
improvements of TUG after treatment were not statistically
different between groups which indicate similar effects of
US and rESWT on mobility.

H-reflex Tests

The small significant increase of H-reflex latency was
observed after treatment in both groups. Although the
increase in latency were statistically significant, the changes
observed were not clinically relevant as changes were in
the normal range as found in previous reports in patients
with spasticity.”*** Despite meaningful improvements
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occurred in the MMAS in both groups after treatment, the
H-reflex latency did not change concordantly which may
indicates that the H-reflex latency is not sensitive enough for
detecting changes in spasticity. The effects of US and rESWT
on the H-reflex latency were not different between groups.

In the current study, the Hyax/Mmax ratio, in line with
previous reports,”**?** did not decrease over time after
US or rESWT. However, one study found decreasing in the
Hiax/Mmax ratio when investigating the effects of rESWT
on poststroke wrist flexor spasticity.'” The both US and
rESWT had no significant effect on the Hyax/Mmax ratio as
a measure of reflex hyperexcitability. The lack of significant
changes in H-reflex measures found in the current study
may suggest a mechanical effect on spastic muscles and
shortened soft tissues for US and rESWT.

After both US and rESWT treatment, has been not
recorded any side effect in subjects.

Limitations of the study must be noted. First, the fol-
low-up was limited to 1 hour, and the possible differences
between two interventions could need longer period to
appear. Second, despite power analysis, our cohort was
small and the differences between groups might have
been statistically significant with a larger sample size.
Third, patients were not blinded to the type of treatment.

Conclusions

Both therapeutic ultrasound and rESWT improved spas-
ticity, but neither improved the reflex hyperexcitability.
Improvements in spasticity did not translate into meaning-
ful improvements in functional mobility. There were no
statistically significant differences between groups in any
of the outcome measures used in this study.
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