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Abstract

Post-stroke lower limb spasticity impairs balance and gait leading to reduced walking speed, often increasing wheelchair use
and caregiver burden. Several studies have shown that appropriate treatments for lower limb spasticity after stroke include
injections of botulinum toxin type A (BoNT-A), phenol or alcohol, surgical correction and a rehabilitation program. In the
present article, we review the safety and effectiveness of BONT-A for the treatment of lower limb spasticity after stroke, with
a focus on higher doses of BONT-A. The cumulative body of evidence coming from the randomized clinical trials and open-
label studies selected in the article suggest BONT-A to be safe and efficacious in reducing lower limb spasticity after stroke.
Studies of high doses of BONT-A also showed a greater reduction of severe post-stroke spasticity. In stroke survivors with
spasticity of the ankle plantar-flexor muscles, a combined approach between surgery and BoNT-A can be indicated. However,
controversy remains about improvement in motor function relative to post-stroke spasticity reduction after BONT-A treatment.

1 Introduction

Botulinum toxin type A (BoNT-A) has been recommended
as a first-choice treatment for focal upper and lower limb
spasticity in several European consensus statements and
by the American Academy of Neurology [1, 2]. However,
it is difficult to prove its effectiveness especially in terms
of functional benefit, and controversy exists about possible
increased motor function correlated to an improvement in
spasticity [3].
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Lower limb spasticity after stroke reduces stability and
impairs gait and walking speed, increasing the need for
orthosis, wheelchair, and caregiver assistance. A correct
clinical assessment and identification of treatment objec-
tives are necessary to inform treatment choice. Therefore,
an interdisciplinary approach, including physical medicine
and rehabilitation specialists, neurosurgeons and orthopedic
surgeons, is required to optimize treatment [4]. In subjects
with lower limb spasticity after stroke, the spasticity pattern
usually involves knee extensor muscles, producing a clinical
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After stroke, different muscles are responsible for spastic
equinus foot; a careful clinical evaluation and an inter-
disciplinary approach is therefore required for optimal
administration of botulinum toxin type A (BoNT-A)
therapy.

In stroke survivors, it is important to differentiate
between spasticity and weakness in leg muscles prior to
treatment with BoNT-A.

Studies of high doses of BONT-A showed a greater
reduction of severe spasticity after stroke.

In stroke survivors with spasticity in the plantar-flexor
muscles, a combined approach between surgery and
BoNT-A should be considered.

picture of “stiff knee”, and ankle plantar-flexor muscles pro-
ducing a prolonged abnormal posture of equinovarus foot.
Sometimes adducted foot (strephenopodia) at rest or during
the gait cycle is seen, with an overactive tibialis posterior
muscle. Many muscles are responsible for spastic equinus
foot (e.g. medial and lateral gastrocnemius, soleus, tibialis
posterior, flexor hallucis longus and brevis, flexor digito-
rum longus and brevis, and extensor hallucis brevis), but
given that gastrocnemius and soleus are most frequently
involved in this typical pattern, BONT-A treatment targets
these muscles to reduce the drive to plantar flexion [4, 5]. In
particular, treatment is directed to the spasticity causing the
equinus deformity as well as the mechanical defect, and the
aim of treatment is to allow the whole foot to be in contact
with the ground during stance phase—thus acting as a sta-
ble platform—so the muscles controlling the hip and knee
can ensure movement is effectively controlled [5]. Recently,
there has been renewed interest in improving gait function.
For stroke patients, overactivity of leg extensor muscles may
help support their body, standing position and stance phase
of gait cycle, but may also interfere with knee flexion dur-
ing the swing phase [6, 7]. In this situation, it may be useful
to reduce stiff knee due to knee extensor spasticity (rectus
femoris or vastus intermedius) with BoNT-A injections or
orthopedic surgery.

The main goal of rehabilitation in these patients is the
reduction of hypertonia, and many approaches are avail-
able even if BONT-A combined with adjunctive therapies
(casting, taping, or orthosis) is proposed as the first choice
for focal spasticity [§—10]. BoNT-A reduces spasticity
in selected muscles by blocking acetylcholine release at
the neuromuscular junction [1, 2]. The effect lasts about
3—4 months. The temporary reduction of muscle tone
allows physical and occupational therapy, such as muscle
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strengthening and facilitation, increasing articular range of
motion (ROM), retraining of ambulation and gait, and the
fitment of orthosis—thus improving function in the activi-
ties of daily living.

Difficulties in showing improvement of motor function
relative to the spasticity reduction following BoNT treat-
ment have been reported, especially for upper limb impair-
ment—in which both weakness and spasticity of wrist and
finger flexor muscles reduce the capacity for hand move-
ment in stroke survivors. Conversely, BONT-A therapy for
lower limb spasticity not only increases the articular pas-
sive ROM related to spasticity reduction, as occurs also in
the upper limbs, but it can also improve the heel contact at
ground, stability, and speed of gait. For these reasons, sev-
eral outcome measures have been used in studies to show
the effect on gait function after BONT-A injections in stroke
survivors treated for lower limb spasticity, i.e. 10-meter
walk test (1I0MWT) [11], 2- or 6-min walk test CMWT or
6MWT) [12] and timed up and go test (TUG test) [13]. The
objective of the present article was to review the current
evidence on the safety and effectiveness of BONT-A therapy
for post-stroke lower limb spasticity, with a particular focus
on higher doses.

2 Literature Search Strategy

In the present review article, we included English language
reports from the international literature published from Janu-
ary 1989 to December 2017, reviewing randomized placebo-
controlled (RCTs), double-blind and open-label trials, and
existing meta-analyses that provided a description of the
employment of BONT-A for the treatment of lower limb
spasticity after stroke. This review was based upon searches
of US National Library of Medicine (PubMed), Ovid MED-
LINE, EMBASE, Google Scholar, Web of Science, and
Scopus databases using the term “botulinum toxin type A”

9

combined with “lower limb spasticity”, “post-stroke spastic-
ity”, “upper and lower limb spasticity”, and “spasticity and
gait”. The references of each study selected were screened to
identify studies that were not included by electronic search.
Key textbooks were also searched. We did not include con-
gress abstracts/posters, articles that were not peer-reviewed,
or case-reports. Studies were included if: (1) subjects had
experienced lower limb spasticity for identified ischemic or
hemorrhagic stroke; (2) BONT-A was injected to any spastic
lower limb muscle; (3) the sample size included four or more
subjects; (4) the intervention applied was BoNT-A alone or
combined with adjunctive therapies; (5) spasticity reduction
was the main objective of the study; (6) BoNT-A dose was
in international units (U) and not in nanograms (Ng). We
considered studies using different techniques [ultrasound,
electrical stimulation or electromyography (EMG) guided]
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for BoNT-A injection. Participants who had received BoNT-
A treatment were compared with those who had received
control-placebo and/or usual care such as other drugs, physi-
otherapy or surgery. We did not evaluate studies comparing
adjunctive therapies after BoNT injection. Finally, we did
not include studies in which the origin of spasticity was not
clearly indicated to be stroke (i.e. we did not consider spas-
tic hemiparesis due to non-stroke CNS conditions). From
224 articles identified, we screened titles and abstracts of
the citations, identifying 89 articles for closer review. Ulti-
mately, by excluding another 52 articles that did not meet
inclusion criteria, we obtained full copies of the 37 poten-
tially suitable reports for further assessment. After inclu-
sion of 2 articles of interest from the reference lists of the
selected articles and exclusion of other 9 articles, 30 studies
met our eligibility criteria and were included in the overall
review (Tables 1, 2 and 3).

3 Licensed Indications for the Commercial
Preparations of Botulinum Toxin Type
A in Post-stroke Spasticity

Since 1989, the effectiveness of BONT-A in reducing spas-
ticity after stroke has been demonstrated with reversibility
and low prevalence of complications, obtaining the approval
of U.S. Food and Drug Administration and European regula-
tory agencies for this indication [2, 14, 15]. At present, in
USA and Europe, three formulations of BoNT-A are com-
mercially available and used in clinical practice: onabotuli-
numtoxinA (B0t0x®, Allergan, Inc., USA), abobotulinum-
toxinA (Dysport®, Ipsen, France), incobotulinumtoxinA
(Xeomin®, Merz Pharmaceuticals GmbH, Germany). The
preparations are manufactured by different processes, with
various formulations and potencies, which are determined
by diverse biological assays based on their clinical use [16].

There are different licensed indications for the three
marketed BoNT-A preparations in post-stroke spasticity. In
Europe and USA, onabotulinumtoxinA can be used for wrist,
fingers, ankle, and toe spasticity, incobotulinumtoxinA for
upper limb spasticity, and abobotulinumtoxinA for upper
and lower limb spasticity in Europe and only upper extrem-
ity in USA [15, 17]. Several studies demonstrated no dif-
ference in potency between onabotulinumtoxinA and inco-
botulinumtoxinA [18, 19]. However, the conversion ratios
between abobotulinumtoxinA and incobotulinumtoxinA or
onabotulinumtoxinA are not yet clear. It has been supposed
that 100 U of onabotulinumtoxinA or incobotulinumtoxinA
are bioequivalent to 300 U of abobotulinumtoxinA [16,
20]. Another difference between the three BONT-A prod-
ucts involves their protein structure: onabotulinumtoxinA
and abobotulinumtoxinA formulations have the neurotoxin
associated to a larger protein complex containing accessory

proteins, whereas incobotulinumtoxinA formulation pre-
sents a neurotoxin purified, free from complexing proteins
with a high specific biological activity [21]. The absence of
accessory proteins could be responsible for a reduced risk
of developing anti-drug antibodies, but this hypothesis has
not yet been proven.

4 Botulinum Toxin Type A for the Treatment
of Lower Limb Post-stroke Spasticity

4.1 Botulinum Toxin Type A for Ankle Plantar-flexor
Muscle Spasticity

Various RCTs and open-label studies evaluated the effective-
ness of BONT-A in reducing ankle plantar-flexor spasticity
after stroke [22—34] (Table 1). Among RCTs [22-28], two
Phase III trials showed significant reductions of Modified
Ashworth Scale (MAS) score in subjects treated with 100 U
onabotulinumtoxinA (onabotulinumtoxinA, — 0.8; placebo,
—0.6) [22] and 1500 U abobotulinumtoxinA [23] during the
double-blind phase. For both trials, the patients who com-
pleted the double-blind phase entered an open-label phase
with additional treatments (<400 U of onabotulinumtoxinA)
[22] or the same dosage (1000 U or 1500 U abobotulinum-
toxinA) [23] at > 12-week intervals. Across all treatment
cycles, the incidence of adverse effects related to treatment
was 8.5% (39/457), decreasing with each treatment cycle
for one trial [22] while there were two deaths (1 pulmonary
embolism, 1 “natural causes”, both on placebo), general-
ized muscular weakness and dysphagia induced by 1500 U
abobotulinumtoxinA due to remote toxin spread for the other
RCT [23] (Table 1). In another double-blind RCT, stroke
survivors were treated in four groups (abobotulinumtoxinA
500 U, 1000 U, 1500 U, and placebo), and a MAS score
reduction for ankle plantar-flexor muscles for the treatment
and control groups throughout the 12-week study period was
reported [24]. However, the subjects treated with 1500 U
BoNT-A showed the greatest reduction in spasticity versus
those receiving placebo after 1, 2, and 3 months. The dis-
tance walked in 2 min increased significantly in all treatment
groups, but there was no statistically significant difference
between groups. Surprisingly, with a baseline in excess of
90 m, little or no change was found in groups treated with
1000 U or 1500 U abobotulinumtoxinA or with placebo,
whereas in the group receiving 500 U abobotulinumtoxinA
a greater change was observed (approximately 10 m) [24]
(Table 1).

In another double-blind RCT, a significantly greater
decrease from baseline in the MAS ankle score was noted
at Weeks 4, 6, and 8 in the onabotulinumtoxinA group (300
U) compared to the placebo group [25]. Moreover, a signifi-
cantly greater increase in the Clinician Global Impression
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Q ES SEZE 2 (CGI) score was reported by the investigator in the onabotu-
g Em 2 EEZEE linumtoxinA group compared to the placebo group at Weeks
& s °8 SESE . .
E G 55 22252 4, 6, and 8. Serious adverse events were reported in 9%
5] =} — . . . .
g g %ﬂ 52 é’ E g ‘é’o Z (5/58) in the onabotulinumtoxinA group and 2% (1/62) in
= 9 5= . .
£ §. <2 S g e the placebo group during the 12-week follow-up period and
2 PR Noasg p group g PP
z g E Z = 2 5 FSR all were resolved. All these events except for myalgia were
S5|24%3 ER-E-Ine considered to be unrelated to BONT-A [25] (Table 1).
O |&= g o © =
E5|E7F7 i % E g 3 In two RCTs, stroke survivors treated with 1000 U abo-
é 2 § § g, botulinumtoxinA showed significant improvements in Ash-
8 4] £ g £ E g worth Scale (AS) for plantar-flexor and invertor muscles
=} =
S = % g RS =3 compared to placebo 3 and 4 months after therapy [26],
3] o = . . . .
3 = grs k3 while reductions in AS and adverse event frequencies were
2 |2 SRR q
g 2 :’ § x : EE g S no different between different onabotulinumtoxinA doses
25 (O S NE 2 g S (300 U, 200 U and placebo) [28] (Table 1). However, 14/31
é 8 % & % g g i ) subjects with AS > 3 at baseline in the onabotulinumtoxinA
2 ZES S roup experienced a significant reduction of > 1 grade versus
= 85X group exp g g
;F g & § ) g 1/17 following placebo. Overall, patients receiving onabotu-
2] = . . . . . .
Z 285 g & linumtoxinA experienced significantly greater improvements
2 O = . . . . . .
e <2 § Sal% in spasm frequency, pain, active dorsiflexion, and gait qual-
= <E 22K P q Y, P gaitq
T‘: 2 _§§ 55 ity than controls [28]. AbobotulinumtoxinA also produced
5 el _08) £E:z 5 g a significant subjective improvement in foot spasticity com-
2 2§ AZ< R ared to placebo. In terms of functional effect, a slight but
2 = aSo B p p g
A S g S & £3 o not significant improvement in gait velocity was revealed
5 25 8 . . .
gﬂé é 8 f o after BONT-A [26] (Table 1). Finally, in a non-blinded
88 = 9 . 2= LS RCT in 21 stroke survivors with equinus spastic foot, those
= 3 = <= » <= o q p
AL g g = EsS5.8 2 treated with BoNT-A and functional electrical stimulation
g E18%a ég £ p= E g<™ % g improved walking speed and function more than the control
£E 2= zm E 212 5 jg g - roup or the group treated only with abobotulinumtoxinA
SS|8ed=E8|085823 & group group y
25855250 |2 E 258 over 12 weeks of follow-up [27] (Table 1). Therefore, the
5°|z2535 23|32 8&8% I . p . .
2 |nascl@m| 2 g = 5 == reviewed RCTs showed efficacy in reducing ankle plantar-
A 225 o .. o . .
e . O E % ~Z % flexor spasticity with different doses of onabotulinumtoxinA
T _%8 Su288 w [22, 25] and abobotulinumtoxinA [23, 24, 26], combined
> s .E.8 OXT =E8:E £
k] O« 8 o = ith functional improvements [24—26, 28].
2 £ < & 42 BT w1 P >
2 _; E %’ g .§ Z E g z In clinical practice it is difficult to enroll spastic patients
% SR 3 €373 ® E E in a placebo group due to their high need for treatment, there-
) 4 N : .
g 5385 %‘g £ 29 o fore many studies of BONT-A therapy have been of open-
5 (8§88 87848 v
38, 8 &5 —: 2552 S label design. Among these reports, Hesse and colleagues
3 &~ ° < 3 'a;) hi § < observed that 400 U onabotulinumtoxinA injected under
;o E LS8 3 . . N .
Lé 3 3 g £ o EMG guidance into soleus, tibialis posterior and both heads
= on .
=, 22E E é £ of gastrocnemius muscles, reduced ankle plantar-flexor spas-
e} =9 2 = .. . . . .
é '% § é’ ‘g 5 § 8§82 % ticity measured with AS in 10 chronic stroke subjects, two
- =3 % 2 RS § E 3 g weeks after the treatment [29]. Gait analysis showed a sta-
50 8302 <LL4°DQ<,;I .. . . . loci ide 1 h
B =N s8R Y oA S 5 & tistically significant improvement in velocity, stride length,
Qg 2 < 9 . .
S $ 83 <8 O g & stance symmetry, and the length of the force point of action
> A < S 4 < S y Y g p
E PESE £235E3 3 under the affected foot. There were no systemic severe side
& |a EE5ES y
g5 i‘a‘f S5 % effects. Two patients reported a slight weakness of the plan-
g =} E <O . .
o E5 323w tar flexion and knee extension [29] (Table 1). In another
[S) = o= .5 ©
S| 8 = £ § g Q 5 open-label study in 71 stroke survivors with equinovarus
Q ] ] . . . . .
2 z % § é 3 'c'é % E deformity, incobotulinumtoxinA at a maximum total dose
= | g = ..
s|S ) S2S& < of 180 U (range 25-100 U per muscle) reported a significant
AEELG SAHTE 3 & P
“I1E€E = S & 3 Sz 2 reduction in MAS and spasm frequency scores 30 days after
2 § % 2 :§ 5: S n§ E i treatment, lasting to 90 days of follow-up. Two weeks after
Qo | 2 < . .
e 2RI $5855 S treatment, eight patients reported adverse events (11%), all
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mild in intensity and rapidly resolving [30] (Table 1). The
reviewed open-label studies thus supported the efficacy of
onabotulinumtoxinA [29] and incobotulinumtoxinA [30],
with improvements in functional effect.

Many studies have shown treatment of triceps surae mus-
cles to improve gait and balance in subjects with lower limb
spasticity [31-34], although with no agreement on optimal
dose and injection technique. In particular, in a RCT in 45
subjects with spastic ankle plantar-flexor muscles allocated
to onabotulinumtoxinA at a mean total dose of either 167 U,
322 U or 540 U, all doses produced significant improvement
in scale scores, with the two higher doses showing greater
and more prolonged responses than the lower dose [31]. The
highest rate of side effects 4 weeks after treatment was seen
at the highest dose. The middle dose (322 U spread over
2-5 muscles) was found to be best in producing long-lasting
improvement of spastic foot dysfunction [31] (Table 1). On
the other hand, Pimentel and colleagues found that func-
tional improvements did not change with BoNT-A dose. In
11 stroke subjects receiving a total of 300 U onabotulinum-
toxinA and 10 patients receiving 100 U using palpation and
anatomic landmarks as guides [32], the higher dose pro-
duced a significantly greater reduction in MAS score after
8 and 12 weeks, whereas there were no significant differ-
ences between doses in IOMWT and Functional Independ-
ence Measure (FIM) motor score at any point. Therefore,
the improvements in gait velocity and FIM motor score were
not correlated to BoONT-A dose. Two patients experienced
mild calf pain just after injection, resolving in 2—3 days [32]
(Table 1).

Injection technique is key to maximizing precision and
avoiding neurotoxin spread to other sites. Several recent
studies have investigated using ultrasound guidance since
it permits accurate observation of muscle size and charac-
teristics such as structural changes like fatty infiltration and
fibrous involution, which can reduce the effect of BoNT-A.
Picelli and colleagues demonstrated in 56 stroke survivors
that triceps surae muscles with spasticity of Heckmatt grades
IIT or IV, had less tone reduction and less improvement in
ankle passive ROM 4 weeks after 250 U abobotulinum-
toxinA injected into each of the medial and lateral gastroc-
nemius muscles under ultrasound guidance, than subjects
with spastic muscles of grades I or II [33] (Table 1). Fur-
thermore, they compared three different techniques (ana-
tomic landmarks and palpation, electrical stimulation, and
ultrasound) for 100 U onabotulinumtoxinA injection into the
gastrocnemius muscles of 47 stroke survivors with spastic
equinus [34]. One month after injection, MAS improved
more with ultrasonography than with anatomic landmarks
and palpation. The ankle passive ROM improved more with
ultrasonography than with either electrical stimulation or
anatomic landmarks and palpation [34] (Table 1).
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4.2 Botulinum Toxin Type A for Other Muscles
of Lower Limb with Spasticity

Many studies have described BoNT-A therapy in several
spastic muscles of the lower limb; however, in stroke survi-
vors, the treatment of muscles other than ankle plantar-flexor
muscles is not always licensed [35-37] (Table 1). There are
many reasons for injecting other muscles. First, there is
the stiff knee due to spasticity of rectus femoris or vastus
intermedius muscles, which impedes leg flexion during the
swing phase of gait and (together with a spastic equinus)
causes asymmetry in hemiplegic gait. Injection of spastic
leg extensor muscles may reduce this impairment, as well
as the release of rectus femoris muscle with surgery [6, 7].
To our best knowledge, only one placebo-controlled, non-
randomized trial has compared BoNT-A and placebo injec-
tion of the rectus femoris muscle to reduce stiff knee gait
(SKG) [35]. The 100-125 U onabotulinumtoxinA group
showed a significant reduction in spasticity with improved
knee kinematics, energy expenditure during walking, and
functional assessments after 2 months versus the placebo
group [35] (Table 1).

In a prospective observational study on 22 stroke survi-
vors with SKG, 150-200 U onabotulinumtoxinA into rectus
femoris muscle under electrostimulation guidance reduced
the MAS score of the knee joint. The spontaneous gait speed
was significantly increased from baseline after BONT-A and
the percentage increase in peak knee flexion was correlated
to percentage increase in peak knee flexion following a vol-
untarily increase in gait speed before BoONT-A injection [36]
(Table 1).

Another trial in stroke subjects described the effects of
rectus femoris treatment with onabotulinumtoxinA (mean
dose 164 U=+49 U) [37]. Dynamometer data showed that
peak knee extensor torque was significantly decreased, and
peak knee flexor torque was significantly increased during
maximal voluntary concentric and isometric contractions
after injection of the rectus femoris, whereas functional out-
comes, such as 6MWT, I0OMWT at maximal gait velocity,
10MWT at spontaneous gait velocity, TUG, time to ascend
stairs, and time to descend stairs did not change [37]. There-
fore, BONT-A injections decreased the spasticity modifying
knee extension and flexion torque, but without an impact on
functional tests [37] (Table 1).

Overactivity of the rectus femoris is often a cause of
SKG [38, 39], but altered activity of other muscles such
as underactive iliopsoas or overactive triceps surae or vasti
could contribute [40]. In this case, simultaneous BoNT-A
injections into several spastic muscles could be appropri-
ate, as shown by Caty and colleagues in 20 stroke patients
with SKG treated with onabotulinumtoxinA injected into
rectus femoris (200 U), semitendinosus (100 U) and triceps
surae (200 U) muscles under EMG or electrical stimulation
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guidance [41]. At 2 months, onabotulinumtoxinA reduced
tone in rectus femoris, semitendinosus and triceps surae
muscles. Gait analysis showed increased knee flexion dur-
ing the swing phase, decreased external mechanical work,
and lower energy cost, representing improved locomotion
ability in the patients [41] (Table 1).

Some patients with stroke have severe hip and knee flex-
ion and this picture hampers gait, posture, and both active
and passive movements. The flexor pattern is caused by
muscle hypertonia and contractures of the iliopsoas, rectus
femoris, tensor fasciae latae, adductors, internal hamstrings,
and biceps femoris. The use of BONT-A to reduce hyper-
activity of hip and knee flexor muscles was described in
an open-label observational study in 9 stroke patients [42].
Subjects received 300-400 U onabotulinumtoxinA to the
iliacus region of the iliopsoas and knee flexors and, when
necessary, to other muscles of the hip and knee under elec-
trical stimulation guidance. Evaluation at Weeks 10+ 2 and
21 + 3 after treatment showed modest reductions in MAS
score with little increase of passive hip extension. Greater
benefits were found on passive functioning, including toilet-
ing, dressing and transfers, as well as pain reduction at rest
and during mobilization. No changes in active function were
observed [42] (Table 1).

In stroke patients, it is not uncommon to observe fixed
or discontinuous flexion of hallux and fingers or extension
of hallux due to overactivity of flexor hallucis (longus and
brevis), flexor digitorum (longus and brevis), extensor hal-
lucis longus, and extensor digitorum longus.

These conditions are painful and disabling, causing
abnormal posturing of the foot and difficulty in wearing
shoes. They are usually secondary dystonias, especially per-
sistent extension of the great toe, and not patterns of spastic-
ity. Yelnik and colleagues described the efficacy of onabotu-
linumtoxinA treatment under electrical stimulation guidance
in 11 stroke subjects with overactivity of the extensor hal-
lucis longus muscle. Eight patients received the injection
only to extensor hallucis longus (66—100 U), three subjects
also to tibialis anterior and posterior muscles [43]. After 16
injections over 4 months, extensor hallucis longus overac-
tivity disappeared in 10 patients and subjective assessment
was very good for reduced pain and shoe wearing difficulties
and was good or very good at 3 months for 8 patients who
received 12 injections [43] (Table 1). Finally, in a single-
center, open-label, prospective study in 14 stroke survivors
with spastic toes, onabotulinumtoxinA was injected at 25-35
U per muscle with AS =2, from 5070 units per muscle with
AS =3, and from 75-95 units per muscle for AS =4 [44].
There were improvements in all outcome measures (MAS,
a visual pain scale, and a self-rated visual scale on percent-
age of function) lasting from 5/6 months to 2 years, without
adverse effects [44] (Table 1).

5 High Doses of Botulinum Toxin Type
A for Post-stroke Lower Limb Spasticity

Current guidelines suggest the use of up to 600 U of onabotu-
linumtoxinA and incobotulinumtoxinA or up to 1500 U of
abobotulinumtoxinA per injection session to treat spasticity
after stroke [2]. However, in recent years higher total session
doses have been reported, which implies the treatment of a
larger number of muscles and, therefore, use of the same dose
into each muscle, in accordance with previous studies [45, 46].

Few reports described the employment of higher doses for
lower limb spasticity in stroke survivors [47-50] (Table 2).
Baricich and colleagues evaluated the efficacy and safety of
higher doses of onabotulinumtoxinA (from 600 to 800 U)
injected in 26 stroke subjects with upper and/or lower limb
spasticity [47]. The mean total dose for thigh muscles (rec-
tus femoris, biceps femoris, adductor longus/brevis/magnus)
was 75.6 £21.3 U, whereas for lower leg muscles (medial
gastrocnemius, lateral gastrocnemius, soleus, flexor hallucis
longus, flexor digitorum longus, tibialis posterior, tibialis
anterior, extensor hallucis longus) it was 404.4+112.4 U. A
significant muscle tone reduction was observed 30 days and
90 days after injection for thigh and leg muscles with func-
tional improvement and no adverse events [47] (Table 2).
Hesse and colleagues reported use of high doses of BONT-A
in 6 patients affected by lower limb spasticity after stroke,
injecting 1500-2000 U abobotulinumtoxinA into medial
gastrocnemius, soleus and tibialis posterior muscles under
EMG guidance and employing electrical stimulation after
treatment [48]. One subject treated with 2000 U abobotuli-
numtoxinA developed bladder paresis, requiring catheteri-
zation for 14 days. All the patients reported muscle tone
reduction, whereas only recipients of electrical stimulation
improved gait velocity, stride length, stance and swing-sym-
metry at 4 weeks of follow-up [48] (Table 2).

Several studies of high doses of incobotulinumtoxinA
investigated the possible reduced formation of BoNT-A
antibodies due to the absence of complexing proteins, even
though the European product label recommends a maxi-
mum dose of 400 U for upper limb post-stroke spasticity.
A prospective, nonrandomized, open-label study evaluated
higher doses of incobotulinumtoxinA administered under
ultrasound guidance in 25 consecutive subjects with upper
and lower limb post-stroke spasticity [49]. Doses ranging
from 250 to 340 U were injected into the lower limbs dis-
tributed in the ankle plantar flexors (medial gastrocnemius,
lateral gastrocnemius lateralis, and soleus) (140-230 U),
adductor longus—brevis—magnus (50-80 U), rectus femoris
(50 or 60 U), biceps femoris (50 U), tibialis posterior (30-50
U), tibialis anterior (30 U), flexor digitorum longus (30 or 40
U), flexor hallucis longus (20-40 U), and extensor hallucis
longus (30 or 40 U). Thirty and 90 days after the treatment,
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patients showed significant reductions in disability, spastic-
ity-related pain, and muscle tone measured with disability
assessment scale, the visual analogue scale, and AS. Only
16% of patients experienced treatment-emergent adverse
events (injection site pain and muscular weakness) [49]
(Table 2). In a follow-up study on the same sample, after
two years of BoNT-A administrations (8 sets), the remain-
ing 20 of 25 subjects, treated with higher doses (260—460 U)
to lower limbs continued to report spasticity and disability
reductions as measured 30 days after the last set of injec-
tions compared to baseline, without severe adverse effects
[50] (Table 2).

Therefore, current evidence suggests that higher doses
of BoNT-A are effective in reducing spasticity of the lower
limbs after stroke, with only rare occurrences of mild
adverse effects [46]. However, even if systemic BONT-A
toxicity is a rare event, this is still the most vigorous concern
regarding use of higher doses. In fact, after administration,
BoNT-A remains mainly localized at the injection site, and
this probably accounts for its generally acceptable safety
profile [51]. However, spread to contiguous areas is likely to
increase the risk of adverse effects and, even if uncommon,
distant spread can also occur causing unintended neuromus-
cular blockade away from the injection site with symptoms
such as generalized weakness [52] and flu-like syndrome
[53]. With regard to this issue, no clear differences have been
reported between the various BONT-A preparations [19]. In
addition, several factors other than the pharmaceutical prep-
aration could affect the local and remote spread of BoNT-A,
such as dose, dilution, injection technique, target site, loca-
tion of injection within the muscle belly, depth of injec-
tion, level of muscle hyperactivity, and post-injection reha-
bilitation treatment [47, 54, 55]. In assessing the possible
benefits of higher doses, it must be considered that, despite
the observed reduction of muscle tone, there is limited evi-
dence that higher doses in the lower limbs are related to a
significant functional improvement, although this might be
related to several other possibilities. Indeed, it is recognized
that in severe spasticity, meaningful improvement in active
performance may be difficult to obtain even with BoONT-A
treatment [46]. Conversely, high doses may be appropriate
in several neurological conditions to reduce muscle tone and
improve hygiene, gait, and balance [56]. It should also be
considered that any impact on well-being and life satisfac-
tion may only be detectable with patient-reported outcome
measures, rather than quantitative measures [57-59]. Addi-
tionally, it should be remembered that post-stroke spasticity
has an afferent, sensory component, which may lead to dif-
ferences in the sensations described by patients [59]. Finally,
another critical issue is the possible impact of higher doses
on inter-injection intervals [46]. If this can be demonstrated,
a reduction in the number of treatments needed could have a
beneficial impact on health and social costs.
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6 Botulinum Toxin Type A as Early Treatment
for the Post-stroke Spasticity of Lower
Limb Muscles

Recent RCTs have stimulated increased interest in the
employment of BoNT-A in the subacute (early) phase, to
reduce disabling muscle contracture and stiffness in the
paretic upper [60] and lower limbs [61, 62] (Table 1). Such
early use has been proposed [60-62], even if, at present,
doubts exist about the definition of ‘early’ treatment and
the reasons for it. A single-center double-blind RCT was
performed to investigate the efficacy of BONT-A in reducing
muscle hypertonicity at the ankle within the first 3 months
after stroke [61]. Thirty-five stroke survivors with spastic
pes equinovarus were allocated to receive either 230 U
onabotulinumtoxinA or placebo; a second open-label injec-
tion was optional at Week 12. Subjects who received onabot-
ulinumtoxinA significantly improved (mean MAS score)
over the first 12 weeks, while placebo recipients showed no
significant change; there was also a significant difference
in spastic muscle tone between the two groups. Moreover,
onabotulinumtoxinA treatment at study start produced com-
paratively lower MAS scores at all time points to Week 24
compared to treatment with placebo and then onabotulinum-
toxinA. These findings suggested that early BONT-A treat-
ment could further reduce the risk of increased muscle tone
after stroke [61] (Table 1).

The efficacy of BONT-A in lower limb spasticity in suba-
cute stroke patients was also assessed in a Phase II RCT
in which low-dose BoNT-A improved spasticity, gait, and
daily living abilities in 23 individuals treated within 6 weeks
of stroke [62]. Participants were randomly allocated to 200
U onabotulinumtoxinA (150 U to triceps surae and 50 U
to tibialis posterior) or placebo, under electrical stimula-
tion guidance. Lower limb MAS scores, gait analysis (step
length, cadence, speed), 6BMWT, Fugl-Meyer Assessment
(FMA) and modified Barthel index (MBI) assessment were
performed before and at 4 and 8 weeks after treatment. At
Week 8, MAS scores in the BONT-A group were lower than
those in the control group. FMA, MBI, step length, cadence,
speed, and 6MWT distance were also better in the treatment
group than in the control group [62] (Table 1).

7 Botulinum Toxin Type A Compared
with Other Therapies for Post-stroke
Spasticity of Lower Limb Muscles

Few studies have compared BONT-A with other treatments
for post-stroke lower limb spasticity [63—66] (Table 3). Kira-
zli and colleagues compared EMG-guided 100 U onabotu-
linumtoxinA with 3 mL of 5% phenol neurolytic injected
to medial and lateral gastrocnemius, soleus, and tibialis
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posterior muscles [63]. Patients in both groups showed
reductions in AS score from baseline at follow-up, which
were significant only for the BoONT-A group. Comparing
the two groups, AS scores were significantly better for the
BoNT-A group at Weeks 2 and 4, but at Weeks 8 and 12
there were no statistically significant differences, suggest-
ing BoNT-A to be more effective only in the short term [63]
(Table 3).

Rousseaux and colleagues compared the effects of BONT-
A and tibial nerve neurotomy in an open-label study of 34
patients with spastic foot after stroke, with 300 U onabotu-
linumtoxinA injected under electrical stimulation guid-
ance into soleus, medial and lateral gastrocnemius, tibialis
posterior and tibialis anterior, flexor digitorum longus and
flexor hallucis longus—depending on the main distal spas-
ticity pattern [64]. Neurotomy was performed with a 6- to
12-month delay on the motor branches of the tibial nerve.
Subjects were assessed using MAS, passive and active ROM
for ankle movement, balance and functional ambulation
categories, gait velocity, step length and Rivermead motor
assessment. In this RCT, tibial nerve neurotomy appeared to
be more effective than BoNT-A therapy on most of the func-
tional parameters [64] (Table 3). Selective tibial neurotomy
versus BoNT-A therapy has also been compared in another
RCT in 16 chronic stroke patients presenting equinovarus
spastic foot; 8 underwent tibial neurotomy and 8 received
onabotulinumtoxinA injections. The soleus (200 UI) was
injected in all 8 patients, and tibialis posterior (125 UI) and
flexor hallucis longus (75 UI) were treated in 4 patients.
Outcome measures were spasticity on the Tardieu Scale, the
MAS score of triceps surae, tibialis anterior strength on the
Medical Research Council scale, passive ROM of the ankle,
spontaneous walking speed (with usual walking aids) on the
10MWT. Participants were assessed before intervention and
at 2 and 6 months after treatment. Compared with BoNT-
A, tibial neurotomy produced a greater reduction in ankle
stiffness. Both treatments induced comparable improvements
in ankle kinematics during gait, whereas neither induced
muscle weakening [65] (Table 3).

Finally, Picelli and colleagues compared the effects of
therapeutic ultrasound and transcutaneous electrical nerve
stimulation (TENS) with BoNT-A on spastic pes equinus
after stroke [66]. Thirty patients were randomly assigned to
three groups: one group received therapeutic ultrasound to
the affected leg calf muscles, one group underwent TENS
to the tibial nerve of the affected leg, and one group was
injected with 200 U onabotulinumtoxinA to the spastic gas-
trocnemius under ultrasound guidance (100 U for medial
gastrocnemius and 100 U for lateral gastrocnemius). All sub-
jects were evaluated immediately before treatment and 15,
30 and 90 days after the first clinical evaluation for passive
ankle dorsiflexion ROM and the MAS. Those treated with
onabotulinumtoxinA had significantly better passive ankle

ROM than those treated with physical modalities at all post-
treatment evaluations [66] (Table 3).

8 Discussion

The cumulative body of evidence from the studies reviewed
in this article suggests that BoONT-A appears to be safe and
efficacious in reducing lower limb spasticity after stroke.
Indeed, several studies and meta-analyses indicate that
BoNT-A injections are the treatment of first choice for focal
spasticity [15]. Although controversy exists about improve-
ments in motor function relative to spasticity reduction after
BoNT-A treatment, an improvement of sensorimotor func-
tion (FMA) has been demonstrated in a systematic review
and meta-analysis, but without gait speed gains [67]. In fact,
this pooled analysis suggested more persistent clinical ben-
efits in lower limb spasticity and FMA score than placebo
in patients after stroke even if the small number of analyzed
RCTs did not permit a robust conclusion, considering the
extreme variability of protocols, doses, injected muscles,
and clinical features of patients (spasticity, weakness, con-
tractures, tendon retractions) [67]. Other recent meta-anal-
yses and systematic reviews have not supported an effect of
BoNT-A treatment on quality of life measures, active out-
comes, or gait for the lower limb [68, 69].

Another interesting aspect of BONT-A therapy for lower
limb spasticity regards the doses to be injected. The licensed
indications and doses are different for the various marketed
formulations. In the USA, the maximum abobotulinum-
toxinA dose approved for stroke survivors is 1000 U, and
only for upper limb spasticity, whereas the approved maxi-
mum dose of onabotulinumtoxinA is 400 U for upper limb
spasticity and 300—-400 U for ankle plantar-flexor spasticity.
IncobotulinumtoxinA is approved at a maximum 400 U dose
for subjects affected by upper limb spasticity, without any
indication for lower limb [15, 17]. In Italy, onabotulinum-
toxinA and abobotulinumtoxinA are licensed for equinus
foot due to triceps surae spasticity at the maximum doses
of 400 U and 1500 U, respectively, whereas incobotuli-
numtoxinA is not approved for lower limb spasticity. The
majority of stroke survivors with lower limb spasticity are
usually treated with BoNT-A doses ranged from 50 U to 100
U (incobotulinumtoxinA and onabotulinumtoxinA) and 150
U to 300 U (abobotulinumtoxinA) administered into ankle
plantar-flexors muscles, even if several lower limb muscles
are injected, depending upon the clinician’s experience and
patient’s clinical picture. The initial and subsequent dosages
should be adjusted based on the size, number and location of
muscles involved, spasticity severity, the presence of local
muscle weakness, and the patient history of response to,
and adverse events with, previous botulinum toxin treatment.
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Recently, clinicians have considered the possibility of
reducing SKG and hamstring contractions with BoNT-A
[42, 70]. Several studies have shown the functional effects
of this treatment, especially on kinematic parameters [71],
and BoNT-A administration to rectus femoris can achieve a
gain of 5-8 degrees in peak knee flexion during the swing
phase of gait [35, 41, 70, 72]. However, it was considered
that the percentage improvement in peak knee flexion in the
fast gait condition before injection was the only parameter
correlated with the percentage increase in peak knee flexion
after rectus femoris muscle BoNT-A treatment [36].

Despite the large number of studies conducted on the use
of BoNT-A for lower limb spasticity, the results of outcome
measures and spatio-temporal parameters changes follow-
ing BoNT-A are often small and are affected by many vari-
ables [73]. Sometimes the treated subjects reported subjec-
tive improvement during gait even if the clinicians did not
observe any changes in mobility measures. This could be
explained by a BoNT-A effect on the heaviness and unpleas-
ant sensation that can reduce the quality of life of stroke
survivors with upper and lower limb spasticity [74].

During the evaluation of subjects with chronic stroke, it is
appropriate to consider using BoNT-A to treat the intrinsic
and extrinsic foot muscles responsible of equinovarus posture
and great toe painful spasms during gait or while wearing
shoes. Targeting the right site for BONT-A injections is impor-
tant to optimize the effect. To date, there are no recommen-
dations about which techniques are most suitable; however,
ultrasound guidance permits in real time the evaluation of
position and muscle characteristics, such as fat and fibrosis
areas, which should be avoided. This issue is key, as con-
firmed by several studies using ultrasound technique [34, 75].
In another study comparing injection techniques, the medial
gastrocnemius muscle of 81 subjects with spastic equinus was
significantly thicker than the lateralis on ultrasound evalua-
tion, so the overall accuracy of needle injection was signifi-
cantly higher for the medial gastrocnemius than for the lateral
(92.0% vs 79.0%). In contrast, neither manual needle place-
ment nor electrical stimulation guidance showed complete
accuracy, when measured using ultrasonography [75].

9 Conclusions

In stroke survivors, BONT-A therapy has shown efficacy for
spasticity reduction and safety in the lower limb, particu-
larly at higher doses. Controversies still exist, however, for
gait improvement. Further well-designed, large RCTs are
required to show whether such objective gait measures can
be confirmed in patients with documented reduction in spas-
ticity following BoNT injection. Finally, specialized training
in patient assessment, BONT-A dosage, injection technique,
and side-effect knowledge are essential to maximize the
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possibility of benefit for patients receiving this treatment
for spasticity after stroke.

Compliance with Ethical Standards

Funding No sources of funding were used to assist in the preparation
of this study.

Conflicts of interest Andrea Santamato, Nicoletta Cinone, Francesco
Panza, Sara Letizia, Luigi Santoro, Madia Lozupone, Antonio Daniele,
Alessandro Picelli, Alessio Baricich, Domenico Intiso, and Maurizio
Ranieri have no conflicts of interest that are directly relevant to the
content of this study.

References

1. Simpson DM, Gracies JM, Graham HK, Miyasaki JM, Naumann
M, Russman B, Simpson LL, So Y. Therapeutics and Technology
Assessment Subcommittee of the American Academy of Neurol-
ogy. Assessment: Botulinum neurotoxin for the treatment of spas-
ticity (an evidence-based review): report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy
of Neurology. Neurology. 2008;70:1691-8.

2. Wissel J, Ward AB, Erztgaard P, Bensmail D, Hecht MJ, Lejeune
TM, Schnider P, Altavista MC, Cavazza S, Deltombe T, Duarte
E, Geurts AC, Gracies JM, Haboubi NH, Juan FJ, Kasch H, Kat-
terer C, Kirazli Y, Manganotti P, Parman Y, Paternostro-Sluga T,
Petropoulou K, Prempeh R, Rousseaux M, Slawek J. European
consensus table on the use of botulinum toxin type A in adult
spasticity. J Rehabil Med. 2009;41:13-25.

3. Sheean GL. Botulinum treatment of spasticity: why is it so difficult
to show a functional benefit? Curr Opin Neurol. 2001;14:771-6.

4. Deltombe T, Wautier D, De Cloedt P, Fostier M, Gustin T. Assess-
ment and treatment of spastic equinovarus foot after stroke: guid-
ance from the Mont-Godinne interdisciplinary group. J Rehabil
Med. 2017;49:461-8.

5. Ward AB. Managing spastic foot drop after stroke. Eur J Neurol.
2014;21:1053-4.

6. Boudarham J, Hameau S, Pradon D, Bensmail D, Roche N,
Zory R. Changes in electromyographic activity after botuli-
num toxin injection of the rectus femoris in patients with hemi-
paresis walking with a stiff-knee gait. J Electromyogr Kinesiol.
2013;23:1036-43.

7. Carda S, Bertoni M, Zerbinati P, Rossini M, Magoni L, Molteni F.
Gait changes after tendon functional surgery for equinovarus foot
in patients with stroke: assessment of temporo-spatial, kinetic, and
kinematic parameters in 177 patients. Am J Phys Med Rehabil.
2009:88:292-301.

8. Farina S, Migliorini C, Gandolfi M, Bertolasi L, Casarotto M,
Manganotti P, Fiaschi A. Smania N Combined effects of botuli-
num toxin and casting treatments on lower limb spasticity after
stroke. Funct Neurol. 2008;23:87-91.

9. Carda S, Invernizzi M, Baricich A, Cisari C. Casting, taping or
stretching after botulinum toxin type A for spastic equinus foot: a
single-blind randomized trial on adult stroke patients. Clin Reha-
bil. 2011;25:1119-27.

10. Baricich A, Carda S, Bertoni M, Maderna L, Cisari C. A sin-
gle-blinded, randomized pilot study of botulinum toxin type A
combined with non-pharmacological treatment for spastic foot. J
Rehabil Med. 2008;40:870-2.

11. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful
change and responsiveness in common physical performance
measures in older adults. ] Am Geriatr Soc. 2006;54:743-9.



BoNT-A for Treating Post-stroke Lower Limb Spasticity

159

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Slavinski J, Pradon D, Bensmail D, Roche N, Zory R. Energy cost
of obstacle crossing in stroke patients. Am J Phys Med Rehab.
2014;93:1044-50.

Podsiadlo D, Richardson S. The timed up and go: a test of basic
functional mobility for frail elderly persons. J] Am Geriat Soc.
1991;39:142-8.

Das TK, Park DM. Effect of treatment with botulinum toxin on
spasticity. Postgrad Med J. 1989;65:208-10.

Simpson DM, Hallett M, Ashman EJ, Comella CL, Green MW,
Gronseth GS, Armstrong MJ, Gloss D, Potrebic S, Jankovic J,
Karp BP, Naumann M, So YT, Yablon SA. Practice guideline
update summary: botulinum neurotoxin for the treatment of
blepharospasm, cervical dystonia, adult spasticity, and headache:
Report of the Guideline Development Subcommittee of the Amer-
ican Academy of Neurology. Neurology. 2016;86:1818-26.
Albanese A. Terminology for preparations of botulinum neuro-
toxins: what a difference a name makes. JAMA. 2011;305:89-90.
Santamato A, Panza F. Benefits and risks of non-approved
injection regimens for botulinum toxins in spasticity. Drugs.
2017;77:1413-22.

Dressler D, Mander GJ, Fink K. Equivalent potency of Xeomin
and Botox®. Mov Disord. 2008;1(23 suppl):S20-1.

Dressler D, Mander G, Fink K. Measuring the potency label-
ling of onabotulinumtoxinA (Botox®) and incobotulinumtoxinA
(Xeomin®) in an LD50 assay. J Neural Transm. 2012;119:13-5.
Odergren T, Hjaltason H, Kaakkola S, Solders G, Hanko J,
Fehling C, Marttila RJ, Lundh H, Gedin S, Westergren I, Rich-
ardson A, Dott C, Cohen H. A double blind, randomised, parallel
group study to investigate the dose equivalence of Dysport and
Botox in the treatment of cervical dystonia. J Neurol Neurosurg
Psychiatry. 1998;64:6-12.

Frevert J. Content of botulinum neurotoxin in Botox®/Vistabel®,
Dysport®/Azzalure®, and Xeomin®Bocouture®. Drugs RD.
2010;10:67-73.

Wein T, Esquenazi A, Jost WH, Ward AB, Pan G, Dimitrova
R. OnabotulinumtoxinA for the treatment of post-stroke distal
lower-limb spasticity: a randomized trial. PM R. 2018. https://
doi.org/10.1016/j.pmrj.2017.12.006 (Epub ahead of print).
Gracies JM, Esquenazi A, Brashear A, Banach M, Kocer S, Jech
R, Khatkova S, Benetin J, Vecchio M, McAllister P, Ilkowski
J, Ochudlo S, Catus F, Grandoulier AS, Vilain C, Picaut P.
International AbobotulinumtoxinA adult lower limb spastic-
ity study group. efficacy and safety of abobotulinumtoxinA in
spastic lower limb: randomized trial and extension. Neurology.
2017:89:2245-53.

Pittock SJ, Moore AP, Hardiman O, Ehler E, Kovac M, Boja-
kowski J, Al Khawaja I, Brozman M, Kanovsky P, Skorometz
A, Slawek J, Reichel G, Stenner A, Timerbaeva S, Stelmasiak
Z, Zifko UA, Bhakta B, Coxon E. A double-blind randomised
placebo-controlled evaluation of three doses of botulinum toxin
type A (Dysport) in the treatment of spastic equinovarus deform-
ity after stroke. Cerebrovasc Dis. 2003;15:289-300.

Kaji R, Osako Y, Suyama K, Maeda T, Uechi Y, Iwasaki M.
Botulinum toxin type A in post-stroke lower limb spasticity: a
multicenter, double-blind, placebo-controlled trial. J Neurol.
2010;257:1330-7.

Burbaud P, Wiart L, Dubos JL, Gaujard E, Debelleix X, Joseph
PA, Mazaux JM, Bioulac B, Barat M, Lagueny A. A randomised,
double blind, placebo-controlled trial of botulinum toxin in the
treatment of spastic foot in hemiparetic patients. J Neurol Neuro-
surg Psychiatry. 1996;61:265-9.

Johnson CA, Burridge JH, Strike PW, Wood DE, Swain ID. The
effect of combined use of botulinum toxin type A and functional
electric stimulation in the treatment of spastic drop foot after
stroke: a preliminary investigation. Arch Phys Med Rehabil.
2004;85:902-9.

®

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dunne JW, Gracies JM, Hayes M, Zeman B, Singer BJ, Mul-
ticentre Study Group. A prospective, multicentre, randomized,
double-blind, placebo-controlled trial of onabotulinumtoxinA to
treat plantarflexor/invertor overactivity after stroke. Clin Rehabil.
2012;26:787-97.

Hesse S, Liicke D, Malezic M, Bertelt C, Friedrich H, Gregoric
M, Mauritz KH. Botulinum toxin treatment for lower limb exten-
sor spasticity in chronic hemiparetic patients. J Neurol Neurosurg
Psychiatry. 1994;57:1321-4.

Santamato A, Micello MF, Panza F, Fortunato F, Pilotto A, Gius-
tini A, Testa A, Fiore P, Ranieri M, Spidalieri R. Safety and effi-
cacy of incobotulinum toxin type A (NT 201-Xeomin) for the
treatment of post-stroke lower limb spasticity: a prospective open-
label study. Eur J Phys Rehabil Med. 2013;49:483-9.

Mancini F, Sandrini G, Moglia A, Nappi G, Pacchetti C. A ran-
domised, double-blind, dose-ranging study to evaluate efficacy
and safety of three doses of botulinum toxin type A (Botox) for
the treatment of spastic foot. Neurol Sci. 2005;26:26-31.
Pimentel LH, Alencar FJ, Rodrigues LR, Sousa FC, Teles JB.
Effects of botulinum toxin type A for spastic foot in post-stroke
patients enrolled in a rehabilitation program. Arq Neuropsiquiatr.
2014;72:28-32.

Picelli A, Bonetti P, Fontana C, Barausse M, Dambruoso F, Gajo-
fatto 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.

Picelli A, Tamburin S, Bonetti P, Fontana C, Barausse M, Dam-
bruoso F, Gajofatto F, Santilli V, Smania N. Botulinum toxin type
A injection into the gastrocnemius muscle for spastic equinus
in adults with stroke: a randomized controlled trial comparing
manual needle placement, electrical stimulation and ultrasonog-
raphy-guided injection techniques. Am J Phys Med Rehabil.
2012;91:957-64.

Tok F, Balaban B, Yasar E, Alaca R, Tan AK. The effects of
onabotulinum toxin A injection into rectus femoris muscle
in hemiplegic stroke patients with stiff-knee gait: a placebo-
controlled, nonrandomized trial. Am J Phys Med Rehabil.
2012;91:321-6.

Roche N, Boudarham J, Hardy A, Bonnyaud C, Bensmail B.
Use of gait parameters to predict the effectiveness of botuli-
num toxin injection in the spastic rectus femoris muscle of
stroke patients with stiff knee gait. Eur J] Phys Rehabil Med.
2015;51:361-70.

Hameau S, Bensmail D, Robertson J, Boudarham J, Roche N,
Zory R. Isokinetic assessment of the effects of botulinum toxin
injection on spasticity and voluntary strength in patients with
spastic hemiparesis. Eur J Phys Rehabil Med. 2014;50:515-23.
Riley PO, Kerrigan DC. Torque action of two-joint muscles in
the swing period of stiff-legged gait: a forward dynamic model
analysis. J Biomech. 1998;31:835-40.

Sung DH, Bang HJ. Motor branch block of the rectus femoris: its
effectiveness in stiff-legged gait in spastic paresis. Arch Phys Med
Rehabil. 2000;81:910-5.

Goldberg SR, Anderson FC, Pandy MG, Delp SL. Muscles that
influence knee flexion velocity in double support: implications for
stiff knee gait. J Biomech. 2004;37:1189-96.

Caty GD, Detrembleur C, Bleyenheuft C, Deltombe T, Lejeune
TM. Effect of simultaneous botulinum toxin injections into several
muscles on impairment, activity, participation, and quality of life
among stroke patients presenting with a stiff knee gait. Stroke.
2008;39:2803-8.

Rousseaux M, Daveluy W, Kozlowski O, Allart E. Onabotulinum-
toxin-A injection for disabling lower limb flexion in hemiplegic
patients. NeuroRehabilitation. 2014;35:25-30.

A\ Adis


https://doi.org/10.1016/j.pmrj.2017.12.006
https://doi.org/10.1016/j.pmrj.2017.12.006

160

A. Santamato et al.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Yelnik AP, Colle FM, Bonan IV, Lamotte DR. Disabling overac-
tivity of the extensor hallucis longus after stroke: clinical expres-
sion and efficacy of botulinum toxin type A. Arch Phys Med Reha-
bil. 2003;84:147-9.

Suputtitada A. Local botulinum toxin type A injections in the
treatment of spastic toes. Am J Phys Med Rehabil. 2002;81:770-5.
Royal College of Physicians. Guidance to good practice. Guide-
lines for the use of botulinum toxin (BTX) in the management of
spasticity in adults. London: Royal College of Physicians; 2002.
Baricich A, Picelli A, Santamato A, Carda S, de Sire A, Smania
N, Cisari C, Invernizzi M. Safety profile of high-dose botulinum
toxin type A in post-stroke spasticity treatment. Clin Drug Inves-
tig. 2018. https://doi.org/10.1007/s40261-018-0701-x (Epub
ahead of print).

Baricich A, Grana E, Carda S, Santamato A, Cisari C, Invernizzi
M. High doses of onabotulinumtoxinA in post-stroke spas-
ticity: a retrospective analysis. J Neural Transm (Vienna).
2015;122:1283-7.

Hesse S, Jahnke MT, Luecke D, Mauritz KH. Short-term elec-
trical stimulation enhances the effectiveness of Botulinum toxin
in the treatment of lower limb spasticity in hemiparetic patients.
Neurosci Lett. 1995;201:37-40.

Santamato A, Panza F, Ranieri M, Frisardi V, Micello MF, Filoni
S, Fortunato F, Intiso D, Basciani M, Logroscino G, Fiore P. Effi-
cacy and safety of higher doses of botulinum toxin type A NT
201 free from complexing proteins in the upper and lower limb
spasticity after stroke. J Neural Transm. 2013;120:469-76.
Santamato A, Panza F, Intiso D, Baricich A, Picelli A, Smania
N, Fortunato F, Seripa D, Fiore P, Ranieri M. Long-term safety
of repeated high doses of incobotulinumtoxinA injections for the
treatment of upper and lower limb spasticity after stroke. J Neurol
Sci. 2017;378:182-6.

Ramirez-Castaneda J, Jankovic J, Comella C, Dashtipour K, Fer-
nandez HH, Mari Z. Diffusion, spread, and migration of botuli-
num toxin. Mov Disord. 2013;28:1775-83.

Bhatia KP, Miinchau A, Thompson PD, Houser M, Chauhan VS,
Hutchinson M, Shapira AH, Marsden CD. Generalised muscular
weakness after botulinum toxin injections for dystonia: a report
of three cases. J Neurol Neurosurg Psychiatry. 1999;67:90-3.
Baizabal-Carvallo JF, Jankovic J, Pappert E. Flu-like symptoms
following botulinum toxin therapy. Toxicon. 2011;58:1-7.
Roche N, Schnitzler A, Genet FF, Durand MC, Bensmail D. Unde-
sirable distant effects following botulinum toxin type A injection.
Clin Neuropharmacol. 2008;31:272280.

Pickett A. Dysport: pharmacological properties and factors that
influence toxin action. Toxicon. 2009;54:683-9.

Ward AB, Wissel J, Borg J, Ertzgaard P, Herrmann C, Kulkarni
J, Lindgren K, Reuter I, Sakel M, Sitero P, Sharma S, Wein T,
Wright N, Fulford-Smith A. Functional goal achievement in post-
stroke spasticity patients: the BOTOX® Economic Spasticity Trial
(BEST). J Rehabil Med. 2014;46:504-13.

Leach E, Cornwell P, Fleming J, Haines T. Patient centered
goal-setting in a subacute rehabilitation setting. Disabil Rehabil.
2010;32:159-72.

Sunnerhagen KS, Francisco GE. Enhancing patient—provider com-
munication for long-term post-stroke spasticity management. Acta
Neurol Scand. 2013;128:305-10.

Baricich A, Cosenza L, Sandrini G, Paolucci S, Morone G, Santa-
mato A, Baricich A, Cosenza L, Sandrini G, Paolucci S, Morone
G, Santamato A. Development of a patient-centered questionnaire
for post-stroke spasticity assessment: a reliability study. Funct
Neurol. 2018;33:113-5.

Rosales RL, Kong KH, Goh KJ, Kumthornthip W, Mok VC,
Delgado-De Los Santos MM, Chua KS, Abdullah SJ, Zakine
B, Maisonobe P, Magis A,Wong KS. Botulinum toxin injection

A\ Adis

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

for hypertonicity of the upper extremity within 12 weeks after
stroke: a randomized controlled trial. Neurorehabil Neural Repair.
2012;26:812-21.

Fietzek UM, Kossmehl P, Schelosky L, Ebersbach G, Wissel J.
Early botulinum toxin treatment for spastic pes equinovarus—a
randomized double-blind placebo-controlled study. Eur J Neurol.
2014;21:1089-95.

Tao W, Yan D, Li JH, Shi ZH. Gait improvement by low-dose
botulinum toxin A injection treatment of the lower limbs in suba-
cute stroke patients. J Phys Ther Sci. 2015;27:759-62.

Kirazli Y, On AY, Kismali B, Aksit R. Comparison of phenol
block and botulinus toxin type A in the treatment of spastic foot
after stroke: a randomized, double-blind trial. Am J Phys Med
Rehabil. 1998;77:510-5.

Rousseaux M, Buisset N, Daveluy W, Kozlowski O, Blond
SM. Comparison of botulinum toxin injection and neurotomy
in patients with distal lower limb spasticity. Eur J Neurol.
2008;15:506-11.

Bollens B, Gustin T, Stoquart G, Detrembleur C, Lejeune T, Del-
tombe T. A randomized controlled trial of selective neurotomy
versus botulinum toxin for spastic equinovarus foot after stroke.
Neurorehabil Neural Repair. 2013;27:695-703.

Picelli A, Dambruoso F, Bronzato M, Barausse M, Gandolfi M,
Smania N. Efficacy of therapeutic ultrasound and transcutane-
ous electrical nerve stimulation compared with botulinum toxin
type A in the treatment of spastic equinus in adults with chronic
stroke: a pilot randomized controlled trial. Top Stroke Rehabil.
2014;21(Suppl 1):S8-16.

Wu T, LiJH, Song HX, Dong Y. Effectiveness of botulinum toxin
for lower limbs spasticity after stroke: a systematic review and
meta-analysis. Top Stroke Rehabil. 2016;23:217-23.

Baker JA, Pereira G. The efficacy of Botulinum Toxin A for limb
spasticity on improving activity restriction and quality of life: a
systematic review and meta-analysis using the GRADE approach.
Clin Rehabil. 2016;30:549-58.

Gupta AD, Chu WH, Howell S, Chakraborty S, Koblar S, Vis-
vanathan R, Cameron I, Wilson D. A systematic review: efficacy
of botulinum toxin in walking and quality of life in post-stroke
lower limb spasticity. Syst Rev. 2018;7:1.

Stoquart GG, Detrembleur C, Palumbo S, Deltombe T, Lejeune
TM. Effect of botulinum toxin injection in the rectus femoris on
stiff-knee gait in people with stroke: a prospective observational
study. Arch Phys Med Rehabil. 2008;89:56-61.

Hutin E, Pradon D, Barbier F, Gracies JM, Bussel B, Roche N.
Lower limb coordination in hemiparetic subjects: impact of botu-
linum toxin injections into rectus femoris. Neurorehabil Neural
Repair. 2010;24:442-9.

Robertson JV, Pradon D, Bensmail D, Fermanian C, Bussel B,
Roche N. Relevance of botulinum toxin injection and nerve block
of rectus femoris to kinematic and functional parameters of stiff
knee gait in hemiplegic adults. Gait Posture. 2009;29:108-12.
Chan J, Winter A, Palit M, Sturt R, Graaff SD, Holland AE. Are
gait and mobility measures responsive to change following botuli-
num toxin injections in adults with lower limb spasticity? Disabil
Rehabil. 2013;35:959-67.

Baricich A, Picelli A, Molteni F, Guanziroli E, Santamato A.
Post-stroke spasticity as a condition: a new perspective on patient
evaluation. Funct Neurol. 2016;31:179-80.

Picelli A, Bonetti P, Fontana C, Barausse M, Dambruoso F, Gajo-
fatto F, Tamburin S, Girardi P, Gimigliano R, Smania N. Accuracy
of botulinum toxin type A injection into the gastrocnemius mus-
cle of adults with spastic equinus: manual needle placement and
electrical stimulation guidance compared using ultrasonography.
J Rehabil Med. 2012;44:450-2.


https://doi.org/10.1007/s40261-018-0701-x

Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



	Botulinum Toxin Type A for the Treatment of Lower Limb Spasticity after Stroke
	Abstract
	1 Introduction
	2 Literature Search Strategy
	3 Licensed Indications for the Commercial Preparations of Botulinum Toxin Type A in Post-stroke Spasticity
	4 Botulinum Toxin Type A for the Treatment of Lower Limb Post-stroke Spasticity
	4.1 Botulinum Toxin Type A for Ankle Plantar-flexor Muscle Spasticity
	4.2 Botulinum Toxin Type A for Other Muscles of Lower Limb with Spasticity

	5 High Doses of Botulinum Toxin Type A for Post-stroke Lower Limb Spasticity
	6 Botulinum Toxin Type A as Early Treatment for the Post-stroke Spasticity of Lower Limb Muscles
	7 Botulinum Toxin Type A Compared with Other Therapies for Post-stroke Spasticity of Lower Limb Muscles
	8 Discussion
	9 Conclusions
	References




