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ABSTRACT. Picelli A, Bonetti P, Fontana C, Barausse M,
Dambruoso F, Gajofatto F, Girardi P, Manca M, Gimigliano R,
Smania N. Is spastic muscle echo intensity related to the
response to botulinum toxin type A in patients with stroke? A
cohort study. Arch Phys Med Rehabil 2012;93:1253-8.

Objective: To investigate the relationship between gastroc-
emius muscle echo intensity and response to botulinum toxin
ype A (BoNT-A) in patients with spastic equinus foot resulting
rom stroke.

Design: Cohort study.
Setting: University hospital.
Participants: Adult patients (N�56) with spastic equinus

oot resulting from stroke scheduled to receive BoNT-A injec-
ion into the gastrocnemius muscle.

Interventions: All patients were injected with BoNT-A (abo-
botulinumtoxinA) into the gastrocnemius muscle with an ul-
trasonography-guided, multisite injection technique. The toxin
dose was 250U for the gastrocnemius medialis and 250U for
the gastrocnemius lateralis (dilution 500U/2mL) in each pa-
tient. All patients were evaluated before and 4 weeks after
BoNT-A injection.

Main Outcome Measures: Spastic gastrocnemius muscle echo
intensity visually graded with the Heckmatt scale. Clinical
assessment of the spastic gastrocnemius with the Modified
Ashworth Scale, Tardieu Scale, and ankle passive range of
motion.

Results: Postintervention testing at 4 weeks showed overall
ignificant improvements in the clinical assessment of the
pastic gastrocnemius muscle. No significant change was ob-
erved in the echo muscle intensity of the spastic gastrocne-
ius after BoNT-A injection. Post hoc comparisons showed

hat all clinical outcomes were significantly better in those
atients with echo muscle intensity of the spastic gastrocne-
ius graded II on the Heckmatt scale than those with grades III

P�.001) and IV (P�.001) after botulinum toxin injection.
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STROKE IS ONE OF THE MAIN causes of morbidity in
Western countries.1 Damage to the sensory-motor networks

nd descending tracts results in the positive and negative signs
f upper motor neuron syndrome.2 Spasticity is one of the main

features of upper motor neuron syndrome, which is defined as
a state of increased muscle tone with exaggerated reflexes.3 It
s clinically characterized by a velocity-dependent increase in
he resistance to passive movement, and may interfere with
otor function, leading to the need for clinical interventions

uch as drugs, physiotherapy, or other rehabilitation proce-
ures.2-5

Botulinum toxin type A (BoNT-A) has been proven to be
effective and safe in the treatment of focal spasticity.5 It acts in
the cytosol of nerve endings and inhibits the release of acetyl-
choline at neuromuscular junctions by cleaving the synapto-
somal-associated protein of 25kDa, which is required for ves-
icle docking and, consequently, neurotransmitter release.5,6

The major causes for the loss of BoNT-A response in adult
patients with focal spasticity are the following: inaccurate
selection and identification of the correct muscle for injection,
insufficient drug dosages, inadequate injection technique, de-
velopment of changes in the muscle, and formation of neutral-
izing antibodies.7

The ultrasonography-guided technique allows one to per-
form visually controlled and anatomically precise injections of
BoNT-A into spastic muscles.8,9 The use of ultrasound guid-
ance has been reported to improve the effectiveness of
BoNT-A selective neuromuscular blocking of the gastrocne-
mius muscle in patients with spastic equinus foot, consistent
with the accuracy of muscle identification and needle place-
ment in the muscle mass.10-12 Clinical experience with the use
f ultrasound guidance for BoNT-A injection showed that
ltrasonography could also be a useful tool for evaluating the
orphology of spastic muscles. Indeed, spasticity leads to the

evelopment of changes in the muscle structure over time by
ncreasing intramuscular connective tissue and fat content.13

The disruption of normal muscle architecture caused by the

List of Abbreviations

BoNT-A botulinum toxin type A
MAS Modified Ashworth Scale
PROM passive range of motion

TS Tardieu Scale
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infiltration of fat and the development of fibrosis has been
reported to increase reflections of the ultrasound beam, result-
ing in an increased echo intensity of spastic muscles.13 Based
n this, and taking into account that the development of
hanges in the muscle structure has been reported to influence
he BoNT-A effect,7 it is conceivable that spastic muscles with

higher echo intensity may have a reduced response to BoNT-A.
However, to date, no study has evaluated the association be-
tween echo intensity and response to BoNT-A in spastic mus-
cles.

The main aim of this study was to investigate the relation-
ship between gastrocnemius muscle echo intensity and the
response to BoNT-A in adult patients with spastic equinus foot
resulting from stroke. The secondary aim was to examine the
relationship between spastic muscle echo intensity and severity
of spasticity in patients with stroke.

METHODS
Inclusion criteria were as follows: age greater than 18 years,

occurrence of spastic equinus foot as a consequence of isch-
emic or hemorrhagic stroke (documented by computed tomog-
raphy scan or magnetic resonance imaging, subarachnoid hem-
orrhage excluded), gastrocnemius muscle spasticity graded at
least 1� on the Modified Ashworth Scale (MAS),14 time from
troke onset of at least 6 months, and no BoNT-A injection into
he affected leg muscles or any rehabilitative treatment in the
ast 3 months before recruitment. Exclusion criteria were as
ollows: fixed contractures or bony deformities of the affected
eg, previous treatment of the affected leg spasticity with
eurolytic or surgical procedures, and other neurologic or or-
hopedic conditions involving the affected leg. All participants
ere outpatients and gave their informed consent for partici-
ation in the study. The study was carried out according to the
eclaration of Helsinki and was approved by the local ethics

ommittee.

reatment Procedures
BoNT-A (abobotulinumtoxinA) 500U diluted with 2mL of

aline 0.9% was injected into the gastrocnemius muscle of the
ffected leg.15 Even if the recommended dilution of abobotu-
inumtoxinA for spasticity is 500U/1mL, in our clinical expe-
ience, a dilution of 500U/2mL is well tolerated and easier to
anage in the treatment of gastrocnemius muscle. The injec-

ion sites were determined using anatomic landmarks and the
ltrasonography-guided technique. Injections were performed
t 2 sites in each head of the gastrocnemius muscle: near the
uscle origin (proximal site) and at the midbelly of the muscle

ulk (distal site).10 The BoNT-A dose was 250U for the gas-
rocnemius medialis and 250U for the gastrocnemius lateralis
125U per injection site) in each patient.7,15

Patients did not undergo any form of therapy aimed at
increasing the effectiveness of BoNT-A (such as electrical
stimulation, casting, taping, stretching, or physical therapy)
during the study.

Evaluation Procedures
The following outcome measures were evaluated in all pa-

tients immediately before (t0) and 4 weeks after (t1) BoNT-A
injection: spastic gastrocnemius muscle echo intensity, gastroc-
nemius muscle spasticity, and ankle passive range of motion
(PROM) of the affected leg.

The same examiner (A.P.) performed B-mode, real-time
ultrasonography with a linear transducer (scanning frequency,
10MHz)a to evaluate the gastrocnemius muscle of the affected

eg. All patients remained in the prone position with their leg 5
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utstretched during the whole procedure. The transducer was
ositioned at the midbelly of the muscle bulk, perpendicular to
he gastrocnemius surface, and placed gently on the skin using
ater-soluble transmission gel to avoid any pressure-induced

lterations of the muscle tissue.10 The muscle echo intensity of
he spastic gastrocnemius was visually evaluated in the trans-
erse view using the Heckmatt scale: grade I, normal; grade II,
n increase of muscle echo intensity while bone echo is still
istinct; grade III, a marked increase in muscle echo intensity
nd a reduced bone echo; grade IV, a very high muscle echo
ntensity and complete loss of bone echo (fig 1).13,16

Gastrocnemius muscle spasticity was evaluated at the af-
fected leg by means of the MAS14 and the Tardieu Scale
TS).17 The MAS is a 6-point scale grading the resistance of a

relaxed limb to rapid passive stretch (0, no increase in muscle
tone; 1, slight increase in muscle tone at the end of the range of
motion; 1�, slight increase in muscle tone through less than
half of the range of motion; 2, more marked increase in muscle
tone through most of the range of motion; 3, considerable
increase in muscle tone; 4, joint is rigid).14 For statistical
purposes, a score of 1 was considered a 1, while a score of 1�
was considered a 2 and so on, until 5.18 The TS evaluates
spasticity using 2 measures: the spasticity grade (a 5-point
scale grading the quality of muscle reaction to stretch) and the
spasticity angle (the angle at which muscle reaction oc-
curs).17,19 It can be performed at 3 velocities: as slow as
possible (V1), falling under gravity (V2), and as fast as possi-
ble (V3).17 To mainly evaluate stretch-induced muscle activity,

e graded spasticity by rating the quality of muscle reaction at
3.17,20 We also decided not to provide data about the spas-

icity angle because, in our view, they might be confounded
ith other ankle articular angle measures reported in this study.
he TS spasticity grading is as follows: 0, no resistance

hrough the course of the passive movement; 1, slight resis-
ance throughout the course of the passive movement arc with
o clear catch at a precise angle; 2, clear catch occurring at a
recise angle, interrupting the passive movement followed by a
elease; 3, fatigable clonus (�10s) occurring at a precise angle;
, infatigable clonus (�10s) occurring at a precise angle.17

Ankle PROM was measured at the affected leg using a hand-
held goniometer. We arbitrarily decided the sensitivity of the
measurement in 5° and designated the dorsiflexion angle as
positive and the plantar flexion angle as negative, considering
the neutral position of the joint as 0°.18 The MAS, TS, and
ankle PROM were evaluated by the same examiner with each
patient in the supine position and the knee fully extended. The
examiner (P.B.) was blinded to the spastic gastrocnemius mus-
cle echo intensity of patients.

Statistical Analysis
The Wilcoxon signed-ranks test on the pretreatment/post-

treatment scores was carried out for all the outcome measures.
The Kruskal-Wallis test was used to verify the difference in
distribution among the MAS, TS, ankle PROM, confounding
variables (sex, age, time from onset), and Heckmatt scale. To
assess the association between clinical outcomes t1�t0 differ-
ence and the Heckmatt scale, the Spearman rank correlation
test was performed. Multiple comparisons in the Heckmatt
scale were evaluated with post hoc Tukey tests for the MAS,
TS, and ankle PROM. The alpha level for significance was set
at P�.05. Statistical analysis was carried out using R 2.9.2 for
Windows.b

RESULTS
Fifty-six persons (36 men, 20 women; mean age � SD,
9.2�14.1y) with spastic equinus foot resulting from stroke
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(mean time from onset � SD, 5.3�2.3y) were recruited from
among 123 outpatients consecutively admitted to our neuro-
logic rehabilitation unit during the period from January 2010 to
March 2011. There were no dropouts. All patients had previ-
ously received BoNT-A injections into the triceps surae (gas-
trocnemius muscle and/or soleus): 19 patients had received less
than 3 treatments with BoNT-A, while 37 patients had received
BoNT-A 3 or more times before being enrolled in the study.

Fig 1. Ultrasonographic imaging (transverse view) of the spastic
gastrocnemius muscle in a patient with Heckmatt grade II (A) and
Heckmatt grade IV (B). Abbreviations: F, fibula; GL, gastrocnemius
lateralis; S, soleus.
Patients’ characteristics are detailed in table 1. N
As reported in table 2, at 4 weeks after BoNT-A injection,
significant improvements were observed in the MAS, TS, and
ankle PROM, while no change was found in the Heckmatt
grade. Multiple independent-sample Kruskal-Wallis tests
showed a significant different distribution between the MAS
(P�.003; K�11.506), TS (P�.027; K�7.222), and ankle
PROM (P�.017; K�8.148) measured at t0 and the muscle
echo intensity graded on the Heckmatt scale. As reported in
table 3, a significant difference in distribution was also ob-
served between the Heckmatt grade and improvements in the
MAS, TS, and ankle PROM at t1.

The Spearman correlation showed a significant association
between the t1�t0 difference of the MAS (P�.001; ��.704),
TS (P�.001; ��.438), ankle PROM (P�.001; ��–.732), and
Heckmatt grade. With a consideration of these results about the
MAS, the power calculation estimated that a sample size of 56
patients provides 99% power to detect a significant correlation.

As reported in table 4, post hoc Tukey tests showed signif-
icant differences between patients with echo muscle intensity
of the spastic gastrocnemius graded II or III on the Heckmatt
scale in the MAS (P�.001), TS (P�.001), and ankle PROM
(P�.001) at the t1 versus t0 evaluation. Moreover, significant
differences were observed between patients with echo muscle
intensity of the spastic gastrocnemius graded II or IV on the
Heckmatt scale in the MAS (P�.001), TS (P�.001), and ankle
PROM (P�.001). No significant difference was observed be-
tween patients with echo muscle intensity of the spastic gastroc-
nemius graded III or IV on the Heckmatt scale (see table 4).

DISCUSSION
Our results support the hypothesis that patients with higher

spastic muscle echo intensity have a reduced response to
BoNT-A. Indeed, we observed that patients with echo intensity
of the spastic gastrocnemius graded II on the Heckmatt scale
(corresponding to an increase of muscle echo intensity while
bone echo is still distinct) showed better improvements in
spasticity (as measured with the MAS and TS) than those with
higher muscle echo intensity after the injection of the same
dose of BoNT-A. Furthermore, as measured by the ankle
PROM, patients showed a significant reduction of response to
BoNT-A according to the increase of spastic gastrocnemius
muscle echo intensity.

After stroke, the decreased voluntary motor unit recruitment
leaves joints immobilized, with the paretic muscles (ie, upper
limb internal rotators, pronators, and flexors; lower limb ex-
tensors) placed in a shortened position.21 Immobilization leads
o the development of muscle contracture with a loss of muscle
ass and sarcomeres, accumulation of intramuscular connec-

ive tissue, increased intramuscular fat content, and degenera-
ive changes at the myotendinous junction with a decreased
ensile strength.21 Muscle overactivity, which is defined as an

increased involuntary motor unit recruitment, gradually arises

Table 1: Demographic and Clinical Features of Patients

Parameter
Heckmatt II

(n�16)
Heckmatt III

(n�22)
Heckmatt IV

(n�18)

Age (y) 51.5�18.6 60.9�12.4 63.9�8.3
Sex (men/women) 11/5 14/8 11/7
Disease duration (y) 4.4�2.4 5.2�1.7 6.2�2.7

MAS 2.6�0.5 2.7�0.5 3.2�0.5
TS 2.8�0.8 2.2�0.4 2.4�0.6

Ankle PROM (deg) �10.6�8.1 �9.5�8.0 �16.1�5.3
OTE. Values are mean � SD or n.

Arch Phys Med Rehabil Vol 93, July 2012
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in patients with disrupted central execution of voluntary com-
mands, leading to the chronic aggravation of muscle contrac-
ture, which, in turn, enhances responses to stretch and further
aggravates spastic overactivity.21,22 Botulinum toxin produces

chemodenervation of muscles by impairing the release of
cetylcholine from presynaptic nerve terminals at the neuro-
uscular junction.5,6 In patients with focal spasticity, BoNT-A

an be considered a first-line treatment to reduce muscle over-
ctivity.7,23 The progressive substitution of the contractile com-

ponent of muscle with noncontractile tissue (ie, connective
tissue and fat) leads to the loss of BoNT-A response in adult
patients with focal spasticity.7,21,22

Ultrasonography allows the quantification of the disruption
of normal muscle architecture in spastic muscles by evaluating
their echo intensity.13 Our findings showed that patients with a
igher echo intensity of the spastic gastrocnemius muscle have
reduced response to BoNT-A. On this basis, one may argue

hat BoNT-A treatment would not be useful in these patients,
uggesting that injections should be done earlier (before
hanges in the muscle structure develop). Moreover, it could be
ypothesized that to obtain a significant reduction of spasticity,
he toxin dosage needs to be increased. Otherwise, stretching or
asting might be added in those spastic muscles with higher
egrees of echo intensity.
It is worth noting that BoNT-A produces some effects on the
uscular tissue as observed not only in a rodent model (the

evelopment of atrophy and related myofibrillar structural
hanges has been reported after toxin injection),24 but also in
ealthy volunteers and patients with stroke.25,26 As to humans,
ong-term magnetic resonance imaging alterations (atrophy and
atty infiltration) have been detected 1 year after a single dose
f BoNT-A into the gastrocnemius lateralis of healthy volun-
eers,25 and ultrasonography modifications (atrophy and re-

duced pennation angle) have been found 2 months after
BoNT-A injection into the gastrocnemius medialis of patients
with stroke.26 In this study, no modification of the Heckmatt
rading was observed at t1. Further studies with a longer
ollow-up (�1mo) are needed to evaluate modification of spas-
ic muscle echo intensity after BoNT-A injection.

In patients with spasticity, the increased resistance to passive
ovement is related not only to stretch reflex hyperactivity but

Table 2: Pretreatment/Posttreatmen

Outcome Measure Pretreatment

Heckmatt grade (I–IV) 3.0 (2.0 to 4.0)
MAS (0–5) 3.0 (2.8 to 3.0)
TS (0–5) 2.0 (2.0 to 3.0)
Ankle PROM (deg) �10.0 (�20.0 to –5.0)

OTE. Values are median (interquartile range) or as otherwise indic
bbreviation: NS, not significant.

Table 3: Distribution of the Main Characteristics of the Sample W

Parameter Heckmatt Grade II

Sex (men) 68.8 (11)
Age (y) 55.0 (36.8 to 66.0)
Time from onset (y) 4.0 (2.8 to 6.0)
MAS t1�t0 difference �1.0 (�1.3 to �1.0)
TS t1�t0 difference �1.0 (1.0 to –0.8)
Ankle PROM t1�t0 difference 10.0 (10.0 to 15.0)
OTE. Values are % (n), median (interquartile range), or as otherwise in
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lso to nonreflex biomechanical changes of muscles.27,28 In a
recent study, Gao et al29 evaluated changes in passive mechan-
cal properties of the gastrocnemius muscle in patients with
troke by means of a custom knee-ankle evaluation device and
ltrasonography. The authors observed that decreased fascicle
ength, reduced pennation angle, and increased stiffness of the
edial gastrocnemius were correlated with reduced ankle
ROM and increased ankle joint stiffness in adult patients with
pastic equinus foot resulting from stroke.29 In the present

study, we clinically evaluated patients by means of the MAS,
TS, and ankle PROM. The MAS evaluates spasticity by grad-
ing the resistance to rapid passive movement but is unable to
differentiate neural (ie, stretch reflex hyperactivity) from pe-
ripheral (ie, nonreflex biomechanical changes of muscles) fac-
tors in spastic muscles.20 On the other hand, the TS performed
t V3 (fast velocity stretch) has been reported to have a sig-
ificant relationship with the laboratory measurement of
tretch-induced muscle activity in patients with spastic ankle
lantar flexors.17,20 Ankle PROM has been described to corre-

late with changes in passive mechanical properties of the
gastrocnemius muscle in patients with stroke.20 Our results
showed a significant association between the MAS, TS, ankle
PROM, and gastrocnemius muscle echo intensity in adult pa-
tients with spastic equinus foot resulting from stroke. In our
view, it is reasonable that the MAS and ankle PROM were
related to changes (ie, fatty infiltration and fibrosis) in the
spastic muscle structure (as measured by ultrasonography)
because they allow the changes in the passive properties of
muscles to be quantified. Conversely, our findings about the
significant relationship observed between the TS performed at
V3 (which mainly evaluates muscle overactivity) and spastic
muscle echo intensity may appear quite unusual. Based on
previous studies, this most likely occurred because the reduced
extensibility of spastic muscles in a shortened position may
produce a more ready transmission of any pulling force to
muscle spindles, thus augmenting stretch reflexes.21

Study Limitations
This study has several limitations. First, the small sample size

may have hindered evaluation of a gradient correlation between
spastic gastrocnemius echo intensity and response to BoNT-A.

parisons in All Outcome Measures

Posttreatment
Pretreatment/Posttreatment

Comparison P (Z)

3.0 (2.0 to 4.0) NS
2.0 (2.0 to 3.0) �.001 (�4.817)
2.0 (2.0 to 2.0) �.001 (�4.119)

�5.0 (�15.0 to 0.0) �.001 (�5.179)

.

spect to the Heckmatt Grade and Associated Kruskal-Wallis Test

Heckmatt Grade III Heckmatt Grade IV P (K)

63.6 (14) 61.1 (11) .897 (.218)
64.0 (58.0 to 70.0) 63.5 (58.0 to 68.8) .278 (2.562)
5.00 (4.0 to 6.0) 6.0 (4.0 to 8.8) .130 (4.085)
0.0 (�1.0 to 0.0) 0.0 (0.0 to 0.0) �.001 (30.351)
0.0 (0.0 to 0.0) 0.0 (0.0 to 0.0) �.001 (18.359)
5.0 (0.0 to 5.0) 0.0 (0.0 to 3.8) �.001 (31.835)
t Com
ith Re
dicated.
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Second, a computer-aided qualitative assessment of muscle echo
intensity was not done. Pillen et al13 reported that visual evalua-
ion of muscle echo intensity (ie, Heckmatt scale) has a sensitivity
f 71% versus an 87% sensitivity of computer-aided evaluation.
hird, no independent person reassessed muscle echo intensity.
ourth, no electromyographic evaluation was made. The compar-

son of clinical, ultrasonographic, and electromyographic data
ould permit a more accurate interpretation of our findings. In
articular, it would be interesting to investigate gait function in
elation to the ultrasonographic aspect and activation pattern of
pastic ankle muscles, taking into account, for example, the pre-
ature activity of the soleus muscle and its reduction after
oNT-A injection in patients with chronic stroke.30 To further
alidate our findings, future studies involving a larger subject
opulation and including a qualitative instrumental evaluation of
pastic muscles echo intensity and muscle overactivity are needed.
n addition, future studies aimed at understanding not only the role
f BoNT-A treatment in spastic muscles with higher degrees of
cho intensity but also the relationship between spastic muscle
cho intensity and the functional status of patients are warranted.

CONCLUSIONS
This study showed that patients with higher spastic muscle echo

ntensity have a reduced response to BoNT-A. This may suggest
hat BoNT-A treatment is not useful in these patients or, alterna-
ively, that a higher dosage of BoNT-A is required to treat spastic
uscles with higher degrees of echo intensity.
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