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EFFECTIVENESS OF ULTRASOUND-GUIDED VS ELECTRICAL-STIMULATION-
GUIDED BOTULINUM TOXIN INJECTIONS IN TRICEPS SURAE SPASTICITY AFTER
STROKE: A RANDOMIZED CONTROLLED STUDY
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Objective: To compare the efficacy of botulinum
toxin injections using ultrasound-guidance vs elec-
trical-stimulation-guidance in triceps surae (soleus
and gastrocnemius) spasticity after stroke.

Design: A clinical, single-centre, prospective, inter-
ventional, single-blind, cross-over, randomized
trial, with outpatients in the tertiary care hospital.
After randomization, subjects received electrical-
stimulation-guided, followed by ultrasound-guided
abobotulinumtoxinA injection (n=15), or the same
2 procedures in the reverse order (n=15) with the
same operator, 4 months apart. The primary end-
point was the Tardieu scale with the knee straight
at 1 month after injection.

Results: The 2 groups did not differ in Tardieu scale
score (effect size=0.15, 95% confidence interval
(95% CI) -0.22 to 0.51, p=0.43). In addition, the
muscle localization technique used had no influence
on walking speed, pain on injection or spasticity,
assessed at 1 month after the injection, using the
modified Ashworth scale. Ultrasound-guided injec-
tions were faster to administer than electrical-
stimulation-guided injections.

Conclusion: In agreement with previous research, no
differences were found in the efficacy of ultrasound-
guided or electrical-stimulation-guided abobotuli-
numtoxinA injections in triceps surae spasticity after
stroke. Both techniques are of equal use in guiding
muscle localization for botulinum toxin injections in
spastic triceps surae.
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he efficacy of botulinum toxin injections on spasti-
city in vascular hemiplegic patients has been widely

(LAY ABSTRACT )
This study compared the efficacy of 2 techniques used
to localize botulinum toxin (BoNT-A) injections in triceps
surae (soleus and gastrocnemius) spasticity after stroke:
ultrasound-guidance vs electrical-stimulation-guidance.
The results show that electrostimulation guidance and
ultrasound guidance have the same efficacy for BoNT-A
injections in triceps surae spasticity. The technique used
had no influence on spasticity, walking speed, or pain on
injection. Administration of ultrasound-guided injections

\was faster than electrical-stimulation-guided injections./

demonstrated (1). However, different techniques exist
for the injection and, more importantly, for muscle loca-
lization. The most frequently used techniques are phy-
sical palpation, electrical stimulation, electromyography
and, more recently, ultrasonography. The supposed
advantages of ultrasonography are painless localization
(2), speed (3), precision (2) and, consequently, safety,
because ultrasonography could contribute to avoidance
of complications linked to subcutaneous, intravascular
or overly deep injections (4).

Some studies have compared the different muscle
localization techniques during botulinum toxin injec-
tions. Two studies have shown the superiority of ultraso-
nography vs palpation localization in adults after stroke.
The first study included 49 patients with injection in the
gastrocnemius muscle (5) and the second included 60
patients with injection in the wrist and/or finger flexors
(6). A literature review (7) comparing 4 tracking met-
hods (physical palpation, electromyography, electrical
stimulation, and ultrasonography) found advantages
and disadvantages of each method. The advantages
of ultrasonography were the visualization of neuro-
vascular structures during the injections. However,
the efficacy of the technique depends to a great extent
on the operator’s abilities. Another literature review
(8) evaluated the impact of the different localization
techniques on the efficacy of botulinum toxin injec-
tion during the treatment of spasticity or dystonia. The
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authors reported a high level of proof (grade A) for
effectiveness according to the instrumental localiza-
tion used (ultrasonography, electrical stimulation, or
electromyography) compared with simple palpation
in treating spasticity of the arms, spastic equinus after
a stroke, and the consequences of cerebral palsy in
children. No instrumental localization technique sho-
wed any superiority compared with another. Although
the different instrumental localization techniques seem
to be more effective than simple palpation, no recom-
mendations can be made to favour one technique over
another.

A recent study comparing ultrasound- and elec-
trostimulation-guided botulinum toxin injections for
post-stroke spastic equinus foot (9) did not show any
significant differences between the 2 groups with regard
to ankle range of motion, modified Ashworth scale,
Brunnstrom stages, Barthel index or walking speed,
although some methodological limits should be noted.
First, no primary endpoint was specified and the sam-
ple size was not calculated before starting the study.
Secondly, assessments were performed at 2 weeks after
injection (before peak efficacy of botulinum toxin) and
at 3 months after injection (botulinum toxin was no
longer effective). Thirdly, the authors used 2 different
commercial preparations of BONT-A; hence the doses
injected in the 2 groups were probably not comparable.

The main aim of this study was to compare the effi-
cacy of 2 localization techniques, ultrasonography and
electrical stimulation, on BONT-A injections for triceps
surae spasticity after stroke. It was hypothesized that
localization by ultrasonography was more effective on
spasticity than localization by electrical stimulation.
Secondary objectives were to compare the tolerance
(pain during the injection), ease of practice (length of
time for the localization and injection) and disability
(walking speed) of the 2 techniques.

METHODS

Study design

The protocol for this single-centre, prospective, con-
trolled, randomized study with single blinding and
crossover has been published previously (10). The
study was performed in the physical medicine and
rehabilitation department of Clermont-Ferrand Uni-
versity Hospital, Auvergne Rhone Alpes state, France.
The patients received 2 injections, each administe-
red using a different guidance technique, 4 months
apart. Randomization was used to determine which
technique was used in the first and second instances.
Initial assessment of patients included in the study was
performed just prior to the first injection. Evaluation
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comprised clinical assessment of the triceps surae
spasticity based on the Tardieu and modified Ashworth
scales, and instrument-based walking speed using
GAITRite (CIR Systems, Sparta, NJ, USA). The 2
follow-up visits took place 1 month after each BONT-A
injection and consisted of evaluation of the spasticity
of the triceps surae by using the Tardieu and modified
Ashworth scales and walking speed with GAITRite.

All evaluations were performed by an experienced
physiotherapist who was blinded to group allocation.

The study protocol was approved by the medical
ethics committee Sud-Est 1, (number 2012-22) and
the ANSM (Agence nationale de sécurité des medi-
caments et des produits de santé; the French National
Agency of Medicine and Health Products Safety).
All participants provided written informed consent to
participate in the study.

Figure 1 shows the study flow diagram.

Participants

The inclusion criteria were: age 18-80 years, he-
miplegic sequelae of stroke, triceps surae spasticity
(modified Ashworth scale score >1/4), ability to
provide written consent. The exclusion criteria
were: botulinum toxin injection within at least the
last 3 months, previous experience with ultrasound-
guided botulinum toxin injection, contraindication
to botulinum toxin injection, implant with a pace-
maker, history of ankle arthrodesis. All participants
were included between 19 November 2013 and 18
September 2018.

The following data were collected for each patient:
age, sex, time since stroke, side affected by the cerebral
lesion, current treatments and dosages (for managing
spasticity and pain), date of the first botulinum toxin
injection and severity of deficit: Functional Ambulation
Classification modified (11).

Participants were randomly assigned to 1 of the
above-described sequences: ultrasound-guided injec-
tion then electrical-stimulation-guided injection, or
vice versa. A permuted-block randomization was used
with a computer-generated random allocation (Stata
13, StataCorp LP, College Station, TX, USA), with
a 1:1 ratio.

Intervention

The first injection was performed using ultrasound-
guided localization (Sonosite Edge, FUJIFILM Sono-
site France, Paris, France with a 613 MHz probe)
or electrical-stimulation-guided localization (Dantec
Clavis, Natus Medical Incorporated, San Carlos, CA,
USA) in the triceps surae. The second injection was
performed 4 months later with the alternate localiza-
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tion technique. Different needles were used for cost
reasons. Electrical-stimulation needles (26G, 2.80€)
were used for electrical-stimulation-guided injection.
Intramuscular needles (21G, 0.0116€) were used for
ultrasonography. A total of 500 units of BoNT-A (Dy-
sport), were injected in 4 distinct areas of the triceps
surae: 200 units in soleus (2 points), 150 units in la-
teral gastrocnemius (1 point), and 150 units in medial
gastrocnemius (1 point). The drug was reconstituted
with 2 mL normal saline per 500 U. All injections
were performed by a single injector who has extensive
experience with the 2 tracking techniques.

Outcome measures

The primary end-point is spasticity of triceps surae on
the Tardieu scale (12) while keeping the knee straight.
This scale rates spasticity as the difference between the
reactions to stretch at Tardieu’s 2 extreme velocities,
the slowest and the fastest possible speed of stretch
for the examiner. The slow velocity of the first stretch
remains below the threshold for any significant stretch
reflex and provides an assessment of the passive range

JRM

0 Lost to follow-up

15 Received ultrasound-guided botulinum
toxin injection
0 Did not receive allocated intervention

Fig. 1. Study flow diagram.

of motion. In contrast, the stretch at the fastest velocity
maximizes involvement of the stretch reflex. If any
spasticity is present, the physician during this fast
stretch encounters a sensation of catch-and-release, or
of clonus, fatigable or not, depending on the amount
of spasticity (11). The main outcome was measured on
the day of injection and 1 month later.

The secondary end-points were: other components
of the Tardieu scale (quality of muscle reaction (X)
at slow speed and fast speed, angle of apparition
of the muscle reaction (Y) at slow speed and fast
speed), assessment of the triceps surae spasticity on
the modified Ashworth scale, walking speed, pain
during injection and duration of tracking and injec-
tion. Comfortable walking speed, with shoes was
measured with an instrumented walkway analysis by
GAITRite®. The mean speed and cadence of walking,
length of step and stride over two 10-m journeys was
calculated.

The length of time for the localization and the
injection were measured by the operator, using a
stopwatch started after preparation of the equipment
and before the start of tracking and stopped at the end
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of'the injection. The pain felt during the injection was
measured by the patient, using a vertical analogical
visual pain evaluation scale (VAS) immediately after
injection.

Statistical analysis

The sample size estimation has been described pre-
viously (10). To demonstrate a minimum difference
of 7.12° with regard to change in stretch angle at low
and high velocity of passive movement (using the
Tardieu scale) between ultrasound- and electrical-sti-
mulation-guided injection and for an effect size (ES)
of 0.8 (with an expected standard deviation (SD) of
the difference of 8.9°) (12), 15 patients per sequence
(ultrasound then electrical stimulation vs electrical
stimulation then ultrasound) were needed for a 2-si-
ded type I error=5%, statistical power==80%, and
intra-individual correlation coefficient=0.5 (owing
to the cross-over design).

Statistical analyses were performed on an intention-
to-treat basis with Stata v13 (StataCorp, College
Station, TX, USA) for a 2-sided type I error=5%.
Continuous data are described as mean+SD or median
(interquartile range; IQR), according to the statistical
distribution. Normality was studied with the Shapiro—
Wilk test. The primary endpoint, variation in stretch
angle at low and high velocity of passive movement
(with the Tardieu scale) and other continuous variables
were compared between groups by using a repeated
measures analysis of variance (ANOVA) for cross-
over designs, which took into account the effect of
treatment group (ultrasound vs electrical stimulation),
period, sequence and participant (as a random effect).
The carry-over effect was evaluated and found not
significant. The normality of residuals was assessed.
When appropriate, a logarithmic transformation was
proposed to achieve the normality of the dependant
variable. For categorical variables, a generalized linear
mixed model was applied, which took into account the
aforementioned effects. The results were presented as
suggested by CONSORT and Vancouver guidelines,

Table I. Participants’ characteristics by group
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quantifying findings with ESs and presenting them
with appropriate indicators of measurement error or
uncertainty (i.e. as Cls).

RESULTS

A total of 30 participants were included in the study and
randomly assigned to 2 groups. All patients were able to
walk. One participant was lost to follow-up for unknown
reasons after injection with ultrasound guidance and
evaluation and did not receive the second injection with
electrical-stimulation guidance. The follow-up lasted
until 12 February 2019, the end of the study. Characte-
ristics of participants are shown in Table 1.

The 2 groups (ultrasound or electrical-stimulation
localization first) did not differ in spasticity of the
triceps surae at 1 month after the injection (mean (SD)
Tardieu score —1.50+7.91 (16.4+5.5 (before injec-
tion) vs 26.8+ 7.6 (after injection) at initial evaluation
and 19.5+6.7 (before injection) vs 28.3+8.0 (after
injection) at 1 month for ultrasound localization) vs
—0.52+6.59 (16.0+6.5 (before injection) vs 26.9+10.3
(after injection) at initial evaluation and 18.1+6.2
(before injection) vs 28.4+10.4 (after injection) at 1
month for electrical stimulation), ES=0.15 95% CI
[-0.22; 0.51], p=0.43), walking speed over 10 m at 1
month or pain during the injection. However, localiza-
tion was significantly faster with ultrasonography than
with electrical stimulation (mean 156+63 vs 218+89
s, p<0.001). The results are shown in Table II.

There were no differences in secondary outcomes,
particularly concerning speed, cadence of walking,
length of step and stride.

Adverse events were observed in both groups, 4
after electrical-stimulation-guided injection (pruritus
of the calf, wound on the outside of the ankle, bruise
on the foot, and bronchitis) and 2 after ultrasound-
guided injection (pain in the knee, and pain at the
injection site). The calf pruritus occurred the day after
botulinum toxin injection, without a rash, and resoved
completely in less than 24 h. The ankle wound, linked

Ultrasound then electrical

Electrical stimulation then

stimulation ultrasound Total population
n=15 n=15 n=30
Age, years, median [IQR] 54 [48; 57] 60 [51; 66] 56 [51; 62]
Female, n (%) 7 (47) 8 (53) 15 (50)
Position of the brain lesion, n (%)
Right hemisphere 7 (47) 9 (60) 16 (53)
Left hemisphere 7 (47) 6 (40) 13 (43)
Bilateral 1(6) 0 (0) 1(3)
Time since the stroke, months, median [IQR] 21 [14; 68] 44 [27; 63] 36 [15; 63]
Modified FAC, mean+SD 5.7+1.4 6.4+£0.9 6.1+1.2
Treatments, n (%)
Pain medication 8 (53) 5(33) 13 (43)
Antispastic agents 6 (40) 3 (20) 9 (30)

FAC: Functional Ambulation Categories; SD: standard deviation; IQR: interquartile range.
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Table II. Modification of spasticity and walking speed with ultrasound- or electrical-stimulation-guided botulinum toxin (BoNT-A) injection

and criteria recorded during the injection

Ultrasound localization

n=30

Electrical stimulation

n=30 ES [95% CI], p-value

Difference between initial evaluation and evaluation 1 month after injection (M1-DO and M5-M4)

Tardieu score (°) -1.50+£7.91
Modified Ashworth Score -0.33+6.59
Walking speed (cm/s) 0.15+8.40
Outcomes recorded during the injection

Pain during injection (VAS, /10) 2.47+2.1
Duration of the localization and injection (s) 156+63

-0.52%6.59 0.15 [-0.22; 0.51], 0.55
-0.17+0.38 0.35 [-0.17; 0.86], 0.19
0.43+8.06 0.06 [-0.44; 0.57], 0.8
2.25+1.6 -0.14 [-0.64; 0.37], 0.60
218489 0.95 [0.45; 1.46], <0.001

to a conflict with a splint, is more related to the recur-
rence of spasticity. Haematoma at the distal part of the
lower limb appeared approximately 1 week after the
injection. It was completely resolved at the follow-
up visit. One patient described nocturnal pain at the
injection site, which lasted more than 1 month. Three
months post-injection knee pain while walking was
related to the recurrence of spasticity. Ultimately, 2
adverse experiences linked to the injection occurred
after electrical-stimulation-guided injection and 1 after
ultrasound-guided injection. No weakness of neigh-
bouring muscles was reported by patients.

DISCUSSION

This randomized controlled study did not show any
difference in efficacy between ultrasound-guided and
electrical-stimulation-guided BoNT-A injection in soleus
and gastrocnemius spasticity after stroke. ES for the pri-
mary endpoint was 0.15 (95% CI-0.22t0 0.51; p=0.43),
confirming that this study was negative. More precisely,
the study did not confirm the assumption that localization
by ultrasonography was more effective for spasticity than
localization by electrical stimulation.

The study population was sufficiently comparable
to another study cohort with post-stroke spastic upper
limb receiving botulinum toxin injections (1), consisting
of 60% men, age 53.74+13.7 years. The current study
population was smaller, with a smaller age range (34—74
years vs 17-83 years). The time since the stroke was
shorter (3 years vs 5 years). Therefore, the results of this
study might be generalizable to the vascular hemiplegic
population receiving botulinum toxin injections.

A limitation of this study is the difficulty in gene-
ralizing the results because the study involved only
a single brand of botulinum toxin (Dysport) to treat
spasticity of a muscle group (soleus and gastrocne-
mius) after a pathology (stroke). However, there is no
evidence, based on published data or our experience,
to suggest that the results would be different with a
botulinum toxin from another brand, or by targeting
patients with spasticity related to a different pathology.

Since the study has a cross-over design, a potential
limitation could be that, after determining the speci-
fic anatomy of patients by means of ultrasound, the

accuracy and, possibly, the efficacy of subsequent tre-
atment using electrical-stimulation localization might
be affected. However, as the ultrasound images were
not archived it was not possible for the injector to use
the ultrasound anatomy of each patient when applying
the second injection.

The current study results are in agreement with other
published results. One study comparing injections in the
triceps surae (5) also found no difference in Tardieu score
between the 2 groups (ultrasound and electrical-stimula-
tion guidance). The number of participants included was
limited (16 in the electrical-stimulation group and 17 in
the ultrasonography group). Passive range of motion was
significantly (p=0.004) greater in the ultrasonography vs
electrical-stimulation group, but with no clinical mea-
nings (only a few °). The same authors published a study
on the upper limbs (6) and found no clinical difference
in Tardieu or modified Ashworth scores between the 2
groups at 1 month after injection. The current study was
not statistically underpowered. If the sample size was
estimated according to literature in order to highlight
an ES of 0.8 (12), the observed ES must be interpreted
as negligible according to Cohen’s recommendations
(13),which define ES bounds as: small: 0.2<ES<0.5,
medium: 0.5<ES<0.8, and large (“grossly perceptible
and therefore large”): ES>0.8. To show such difference,
450 patients would be needed for a cross-over design
study, which seems neither relevant nor appropriate.

The current study found no difference between
electrical-stimulation and ultrasonography injection gui-
dance in pain, despite the use of different sized needles:
needles used for ultrasound-guided injection were 21G,
but those used for electrical-stimulation-guided injection
were thinner (26G). A difference in pain was found in
favour of ultrasound, although the pain during injection
was greater for ultrasound-guided injection because the
needles were larger, this was balanced by the pain due
to electrical stimulation. Therefore, for most patients,
needle-stick injuries were mainly responsible for the
pain, rather than the electrical stimulation (14). In fact,
in the previous study, the better-tolerated needles were
those used with electrical stimulation (14).

Localization was achieved significantly faster using
ultrasound-guidance than electrical-stimulation-
guidance (2 min 29 s vs 3 min 38 s). Despite very few
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data published concerning the speed of localization
during ultrasound-guided injections, the results vary.
One author with extensive experience described a mean
localization and injection time of 5 s for the superficial
muscles and 30 s for the deepest muscles (3). Another
study (15) found an increase in duration of the complete
procedure from 5 to 10 min when 4 injections were
performed with ultrasound localization. The time taken
to start the timer and the operator’s experience probably
explains these differences.

The measurement scales used in the current study
may not be able to detect any difference between
groups. The measures lack sufficient reproducibility or
are not sensitive to change to demonstrate a difference.
However, to our knowledge, no other clinical means
exist to assess spasticity.

CONCLUSION

Both localization techniques (ultrasound-guided
and electrical-stimulation-guided) seem relevant
for BoONT-A injections, provided that the operator is
trained and has sufficient experience. The choice of
technique may be based on the patient’s preference;
some patients describe better tolerance to injections
using certain localization techniques. Above all, the
choice must also take into account the muscle that is
to be injected (using ultrasonography for small or deep
muscles). The combined use of both techniques may
also be of interest in certain situations (e.g. localiza-
tion of muscles in the forearm) in order to reduce the
duration and improve efficacy of the localization. In
practice, ultrasound-guided injections of botulinum
toxin are increasingly being used (16) (NCT02566837,
NCT02469948), although this localization technique
remains less used than electrical stimulation.
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