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Abstract

Background: There are no guidelines on the ideal time to inject botulinum toxin type A (BT-A) for lower leg spasticity in stroke
patients. An early injection may produce unwanted weakness, interfering with gait recovery.
Objective: To evaluate whether the outcomes after BT-A injection for plantarflexion spasticity can be different according to
stroke chronicity.
Design: A secondary analysis study from a double-blinded, randomized trial with group reclassification according to stroke
chronicity.
Setting: Two rehabilitation centers.
Participants: Stroke participants (n ¼ 40) with plantar flexor spasticity, treated with BT-A (200 units) into the gastrocnemius
muscle.
Methods: Outcome parameters were reanalyzed serially using 2-way repeated measures of analysis of variance (ANOVA), at
baseline and 2, 4, and 8 weeks postinjection. Subjects were reclassified into 3 groups: early, within 6 months (n ¼ 12); middle,
between 6 months and 1 year (n ¼ 14); and late, between 1 and 2 years from stroke onset (n ¼ 12).
Main Outcome Measures: The Modified Ashworth Scale, clonus scale, 10-m walking test, ABILOCO, and the Functional Ambulation
Category.
Results: The 2-way repeated measures of ANOVA showed improvement in gait and spasticity after injection in the 3 groups.
Significant improvement in the Modified Ashworth Scale (P < .001) was observed, starting from the poste2 week injection period.
Improvement of gait as assessed by the functional measurement ABILOCO and the Functional Ambulation Category (P < .001) were
observed in all 3 groups, mostly at the poste8 week injection period.
Conclusions: Our serial measurements of the outcome parameters indicated that BT-A could be expected to lead to consistent
improvement in both the muscle tone and gait quality in those with plantar flexor spasticity regardless of stroke chronicity,
including those injected as early within the first 6 months.
Level of Evidence: IV

Introduction

Lower limb spasticity, especially chronic ankle
plantar flexor spasticity, is associated with equinovarus
deformity, causing reduced foot clearance and circum-
duction of the affected leg during gait [1,2]. It can also
cause asymmetric weight bearing and inefficient gait
patterns. These factors have contributed to the justifi-
cation of focal treatments with botulinum toxin type A
(BT-A) aiming to reduce spasticity of the plantar flexor

muscles, namely, the gastrocnemius, soleus, and tibialis
posterior muscles. The BT- Aeinjected gastrocnemius
muscle, in particular, has been shown to increase the
range of motion in the ankle, and prevent equinovarus
deformity with plantar flexor spasticity, in previous
randomized controlled trials [1-6].

Latest evidence now advocates early active manage-
ment with BT-A as an appropriate component of subacute
rehabilitation post-stroke [7,8]. Recent studies have
shown injection within the initial stages of post-stroke

PM R XXX (2018) 1-9
www.pmrjournal.org

FLA 5.5.0 DTD � PMRJ2065_proof � 20 March 2018 � 5:33 pm � ce

1934-1482/$ - see front matter ª 2018 by the American Academy of Physical Medicine and Rehabilitation
https://doi.org/10.1016/j.pmrj.2018.02.011

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.pmrj.2018.02.011
https://doi.org/10.1016/j.pmrj.2018.02.011
http://www.pmrjournal.org
https://doi.org/10.1016/j.pmrj.2018.02.011


recovery to be safe and beneficial to prevent the devel-
opment of disabling contracture in the upper extremity
[9-11]. Stroke recovery is most robust within the first 6
months, and one may postulate that early BT-A may help
prevent the formation of abnormal muscle activity and
the acquisition of spastic motor patterns. However, un-
intended weakness after injection may occur when motor
recovery is still incomplete, and this could be detrimental
when subjects are at their peak of motor training. To
perform BT-A injection safely during these early stages in
those with emerging patterns of spasticity without de-
terring gait recovery is clinically challenging.

On the contrary, BT-A treatment at late stages of
recovery can also be problematic. As spasticity becomes
chronic, secondary changes that include stiffness,
contracture, and fibrosis of surrounding muscles or soft
tissues may ensue [12]. Also, as adults with stroke enter
their chronic stage, they may exhibit fixed patterns of
spastic gait, using the increased extensor tone with
compensatory adaptive patterns. These changes asso-
ciated with chronic stroke may make spasticity unre-
sponsive to treatment.

It is not known whether the outcome after BT-A in-
jection may vary according to when these injections are
performed after stroke; thus, there is still a lack of
consensus on the appropriate time window for BT-A in-
jection to the lower extremities. In fact, despite many
studies on the efficacy of BT-A to treat plantarflexion
spasticity, most studies have been focused on chronic
patients [13-16]. In contrast, evidence that supports
early use is still limited in number [17].

Past trials of BT-A injection to treat lower extremity
spasticity had included many subjects with various
onset duration; therefore, were unable to provide
consensus on the optimal time of treatment. Some
recent studies [18-20] were successful in showing positive
outcomes after early BT-A injection to treat lower ex-
tremity spasticity. For example, a study by Fock et al. [19]
made a direct comparison between early and late in-
jections in traumatic brain injury patients, and recent
studies [18,20] showed that BT-A as early as within 3
months of stroke was useful. Though comparisons had
been made to a placebo control group, direct comparisons
of BT-A injection to those at their later stages of recovery
have not been available in these previous trials [18,20]. In
fact, a direct comparison between those with early versus
late intervention and whether they show disparate effects
after injection are yet to be made.

The authors had previously undertaken a dual-center,
double-blinded, randomized, prospective clinical trial of
BT-A with the intent to compare the efficacy of different
injection sites to the gastrocnemius muscle to treat
plantarflexion spasticity [4]. The results of the original
study were negative, with both groups showing improve-
ment with no differences according to injection site. This
secondary analysis from the original clinical trial was
undertaken to investigate whether the response of BT-A

in reducing plantar flexor spasticity and improving gait
can be different according to stroke chronicity, focusing
on time of injection since stroke onset.

We thus aimed to determine if those who had
received early injection within the first 6 months since
stroke onset showed disparate results from those who
received later treatment. We also aimed to determine
whether the effects of BT-A in reducing plantar flexor
spasticity and improving gait were similar across sub-
jects with different stroke chronicity, without gait
deterioration; even in those injected early within the
first 6 months after stroke onset.

Methods

Participants

The authors had previously performed a dual-center
double-blinded, randomized clinical trial using BT-A
for lower limb spasticity following stroke to investi-
gate the effect of different injection sites to the
gastrocnemius muscle [4]. Briefly, a total of 40 persons
with hemiparetic stroke with ankle plantar flexor spas-
ticity and post-stroke duration within 2 years had been
recruited in the previous trial. All subjects were
required to complete the 10-meter walk test (10-MWT)
with or without assistance or assistive tools. Participants
with previous chemodenervation including BT-A treat-
ment or cognitive dysfunction, who could not give
informed consent before the procedure, had been
excluded. Stratified block randomization was used, and
recruited eligible subjects had been allocated into 2
groups. One group had received the injection at 2/10th
and 3/10th of calf length, which was the zone with the
greatest density of intramuscular endings, hence the
location where the effects of BT-A would be most
potent. This was compared to a group that received
injection at conventional sites at and below the mid-
belly of the gastrocnemius. BT-A injections were done
by physiatrists; with more than 5 years of experience in
spasticity management, who were also blinded to the
participants’ allocation. Outcome measurements had
been carried out by 2 other blinded physiatrists. The
results from the original clinical trial had shown that
both groups showed improvement of spasticity and
ambulatory gains, with no intergroup differences.

Time since stroke onset was selected as a factor that
may affect the outcome, and for this secondary analysis,
the participants were regrouped according to stroke
chronicity depending on time since stroke onset: those
within 6 months (early group), between 6 and 12 months
(middle group), and between 1 and 2 years (late group).
Serial outcome measures were reanalyzed across the
second-, fourth-, and eighth-week follow-up. The ethical
boards of our institution approved the design and objec-
tives for the secondary analysis of this study. All subjects
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