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Abstract. [Purpose] Lower-limb spasticity after stroke may be associated with worse functional outcome. Our 
study aim was to establish whether a low-dose botulinum toxin A (BTX-A) injection in subacute stroke patients can 
improve spasticity, gait, and daily living abilities. [Subjects] Twenty-three subacute stroke patients were randomly 
allocated to BTX-A treatment group (11 patients) and control group (12 patients). [Methods] In the BTX-A treatment 
group patients, 200 units BTX-A was injected into the triceps surae (150 iu) and posterior tibial (50 iu) by electrical 
stimulation-guided. The patients in the control group received the same volume of placebo solution into the same 
injection locations. Gait analysis (step length, cadence, speed), the 6-min walking test, Fugl-Meyer Assessment 
(FMA) of the lower limbs, modified Ashworth scale assess (MAS) assessment of the lower limbs, surface electro-
myography (sEMG), and modified Barthel index (MBI) assessment were performed before and at 4,8 weeks after 
treatment. [Results] We found that the FMA of the low limbs and MBI were significantly improved in both groups. 
The gait analysis, FMA, and MBI results in the BTX-A treatment group were better than those in the control group. 
MAS and surface electromyography (sEMG) showed better improvement of spasticity in the treatment group. [Con-
clusion] Early low-dose botulinum toxin A (BTX-A) injection in subacute stroke patients into the lower-limb may 
improve gait, spasticity, and daily living abilities.
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INTRODUCTION

In patients with lower-limb spasticity after stroke, spastic 
equinus foot represents a prolonged abnormal lower-limb 
posture and affects gait, standing, and transfer1). Poststroke 
lower-extremity spasticity may cause severe functional 
limitations and pain. Spasticity is a phenomenon defined as 
disordered sensorymotor control, resulting from an upper 
motor neuron lesion and presenting as intermittent or sus-
tained involuntary activation of muscles. Stroke often affects 
sensorimotor networks and descending tracts, as reflected 
by the negative and positive signs of upper motor neurone 
(UMN) syndrome4). Spasticity causes motor incoordina-
tion, which is more associated with gait speed than positive 
features2). Spasticity may interfere with motor function 
and is a common reason for clinical interventions such as 

physiotherapy, use of orthoses, or other technical devices or 
drugs3). Botulinum toxin type A (BTX-A) is a potent neu-
rotoxin produced by the bacterium clostridium botulinum. 
BTX-A blocks acetylcholine release at neuromuscular junc-
tions, which accounts for its therapeutic action in relieving 
dystonia, spasticity, and related disorders. Intramuscular 
injections of botulinum toxin are used to target one or more 
of the positive signs of UMN syndrome5).

The reported prevalence of spasticity according to 
the Modified Ashworth Scale (MAS) at 3 months or later 
after first-ever stroke in studies of unselected, consecutive 
patients after stroke is around 20% or higher6, 7). Early iden-
tification of potentially disabling spasticity is important to 
enable preventive intervention. Patients with initially severe 
limb paresis are at higher risk for developing spasticity7–11).

Unfortunately, intramuscular injections of botulinum are 
often carried out when the patients have obvious spastic-
ity12). It is normally given once the clinical signs of elevated 
muscle tone have become established; therefore, it is usu-
ally given at least three months after stroke13, 14). This will 
impede rehabilitation of the patients. Accordingly, the pres-
ent pilot study asked whether early lower-limb injection of 
low-dose botulinum toxin A (BTX-A) in severely affected 
patients within 4–6 weeks after stroke could help to prevent 
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disabling muscle stiffness and walking dysfunction 8 weeks 
later.

SUBJECTS AND METHODS

This was a single-center phase II randomized double-
blind placebo-controlled pilot study. Patients were recruited 
from the stroke/neurology units or rehabilitation department 
of Sir Run Run Shaw Hospital, College of Medicine, Zhe-
jiang University. All patients gave informed consent. The 
study had ethics permission from the ethics committees of 
the College of Medicine of Zhejiang University.

Adults with hemiplegic stroke and severe or moderately 
severe spasticity following stroke were recruited. The inclu-
sion criteria for the patients were as follows:

1. They were over the age of 18 and less than 80 years and 
had had a stroke within 6 weeks.
2. They had slight spasticity of the triceps surae as defined 
by a score of 1–1+ on the MAS or ankle clonus (+).
3. They had sufficient cognitive and communication abil-
ity as defined by an MMSE (mini-mental state examina-
tion) sore >25.
4. They could not dorsiflex the ankle and their LEMI 
(Lower Extremity Motor Index)< 109).
5. They were not receiving concurrent aminoglycoside 
antibiotics or oral anti-spasticity medication.
Twenty-three eligible patients focused on early stroke 

rehabilitation were recruited (Table 1). These patients were 
randomly assigned with the help of a computer-generated 
list to either the experimental or control group.

In group A patients (experimental group, n=11), an expe-
rienced physician injected 200 units BTX-A (Allergan, 1 ml 
dilution per vial) by electrical stimulation-guided (Dantec 
CLAVISTM, REF 9015A0011) into the gastrocnemius 
(medial and lateral head of the gastrocnemius, 100 units), 
the soleus (50 units), and the posterior tibial muscle (50 
units). Group B (control group, n=12) patients received the 
same volume of placebo solution into the same number of 
injections of the same muscles. There was no other specific 
treatment other than the injections. Both groups received 
comprehensive rehabilitation. This included physiotherapy 
(45 minutes every workday) and occupational therapy (30 
minutes every workday). Gait training was also performed. 
The therapy combined elements of the neurodevelopmental 
technique and motor relearning program.

The outcome measures were evaluated at weeks 0 
(baseline), 4, and 8. Fugl-Meyer assessment (FMA) of the 
lower limbs, modified Ashworth Scale (MAS) assessment 
of the lower limbs, surface electromyography (sEMG), 
and the modified Barthel index (MBI), were assessed. At 
the end of the research, we also performed a gait analysis 
(step length, cadence,speed) and 6-min walking test in every 
patient. Muscle tone was assessed with the help of the MAS 
scores (0–4). The MAS is widely used for the assessment of 
muscle tone and spasticity in the lower limbs15, 16). Inves-
tigators were trained in the procedures to assess the MAS 
ankle score. Patients were assessed in the prone position and 
knee extension. The ankle was examined at the edge of an 
examination table and from maximal plantar flexion through 
to maximal dorsal flexion for the MAS ankle score. None of 

the patients had contracture or joint ankylosis, which would 
limit ROM. Lower-limb motor control was assessed with the 
help of the Fugl-Meyer motor score (0–34). Surface EMG 
electrodes were placed over the lateral and medial gastroc-
nemius. Where available, guide lines written by the Surface 
Electromyography for the Non-Invasive Assessment of 
Muscles group were adopted for the surface electromyogra-
phy procedures17). The starting position for all ankle assess-
ments was the prone position and knee extension. The ankle 
was initially moved from maximal plantar flexion through 
to maximal dorsal flexion. For the analysis of spasticity of 
the gastrocnemius, the average integrated sEMG levels were 
calculated during slow passive dorsiflexion of the ankle. We 
assessed every patient 3 times in each assessment and took 
the average value.

The SPSS 14.0 software was used for the statistical analy-
ses. Descriptive summary statistics for differences between 
the mean scores and mean change from baseline (SD) for 
all other secondary measures are presented. Within-group 
and between-group comparisons were carried out using, 
respectively, paired and independent t-tests. Dichotomous 
variables were analysed using χ2 tests. A Kruskal-Wallis test 
was initially carried out on the baseline data to test for any 
differences between the two groups. The level of statistical 
significance was set as p<0.05.

RESULTS

The clinical and demographic data at baseline were 
comparable (Table 1). Twenty-three patients completed the 
study. Side effects did not occur during the research. The gait 
analysis, FMA, and MBI results were significantly improved 
in both groups. FMA and MBI in the treatment group were 
better than in the control group in week 8 (p<0.05, Table 2). 
The change in the level of spasticity as assessed by sEMG 
activity during slow passive stretch from baseline to the final 
follow-up is also shown in Table 2. A decrease in the mean 
levels of gastrocnemius activity therefore indicates a reduc-
tion in spasticity in the treatment group (p<0.05, Table 2).

The step length, cadence, speed, and 6-min walking 
distance of the treatment group were better than those of the 
control group (p<0.05, Table 3).

At the end of the research, the MAS scores in the BTX-A 
treatment group were lower than those in the control group 
(p<0.05, Table 4).

Table 1.  Subject demographic data

Treatment 
group

Control  
group

n 11 12
Gender (male/female) 7/4 8/4
Age, years 55±12 58±14
Stroke interval, days 24.2±12.2 23.2±17.2
Diagnosis
Ischaemic /hemorrhagic 6/5 7/5
Barthel Index (0–100) 32.1±5.3 30.1±.1
LEMI score 5.52±1.7 5.83±1.19

Results are presented as the mean ± SD.
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DISCUSSION

The aim of this study was to investigate whether an early 
lower-limbs injection of botulinum toxin A (BTX-A) in 
patients within 4–6 weeks after stroke could help prevent 
disabling muscle stiffness and walking dysfunction 8 weeks 
later. Our findings suggest that early BTX-A treatment 
significantly reduces muscle tone (MAS domain), improves 
gait, and improves locomotion ability (gait analysis and 
FMA domain); also, the treatment had an impact on satisfac-
tion with respect to participation and quality of life (MBI 
domain).

The incidence of poststroke spasticity ranges from 17% 
to 38%, with 4–9% of patients from disabling spasticity18). 
Patients with spasticity can suffer from impaired walking 
ability that includes equinus foot; consequently, this disabil-
ity negatively affects performance of the patient’s activities 
of daily living (ADL). Clinically evident spasticity does 
not usually become a problem within the first month after 
a stroke3), but patients with initially severe limb paresis are 
at higher risk for developing spasticity8–11). Our data sug-
gests that sEMG evidence of spasticity is present even at 
this early stage (Table 2). This finding is in agreement with a 
study that evaluated the early development of spasticity in a 
severely impaired population19). A neurolytic agent lessened 
the spasticity-related intermittent or sustained involuntary 
muscle activity of the ankle flexors, so that the joints were 
held in a less fixed position. This also again might have 
delayed and/or diminished the subsequent contracture devel-
opment, resulting in reduced muscle stiffness at follow-up. 
Cosgrove reported that the intramuscular injection of BTX-
A prevented the development of contractures20).

Subacute stroke patients would benefit from early BTX-A 
injection. It would reduce the degree of spasticity in lower 
limb muscles. It also provides a valuable time window for 
patients to receive the therapy, which is concentrated on mo-
bilization of the lower extremity joints in conjunction with 
tone-inhibiting and facilitating manoeuvres. We speculated 
that an early lower-limb BTX-A injection in subacute stroke 
patients with a nonfunctional lower extremity (defined as a 
LEMI < 10) might improve their functional outcome. It may 
be that by changing the time course of spasticity develop-
ment, the functional outcome may have been influenced. 
While this could stem directly from the botulinum toxin, 
an altered time course of spasticity may have allowed for 
improved effectiveness of therapy during the acute rehabili-
tation period.

In our study, the dose injected was lower than that in a 
previous study21). Kaji reported that a 300 iu BTX-A injec-
tion will obviously decrease the degree of spasticity22). In 
our group, the patients (experimental group, n=11) who 
received the 200 iu BTX-A injection also obtained the same 
effect. It may be that by preventing spasticity development 
and providing a time window for rehabilitation, the earlier 
BTX-A injected, the lower dose will be used. Possible im-
provement of equinus foot after BTX-A treatment in com-
bination with rehabilitation is expected to allow correction 
of walking patterns reduce the systemic burden of walking. 
Increasing walking distance (or decreasing time required 
for a given walk) may expand the range of patient activi-
ties and lead to improved ADL. These results confirmed the 
safety and effectiveness of BTX-A and that it was useful in 
improving rehabilitative treatment of subacute poststroke 
lower-limb spasticity. Early low dose BTX-A injection in 
subacute stroke patients may reduce spasticity, improve gait, 
and daily living abilities.

Table 2. The changes in FMA, MBI, and sEMG level 
(mV) in the treatment group and control group 
in weeks 0, 4 and 8

Treatment group 
(n=11)

Control group 
(n=12)

Barthel Index (0–100)
Week 0 38.8±7.7a 37.5±5.9b

Week 4 44.1±9.8 40.9±11.5
Week 8 65.5±9.5ae 50.1±11.8be

Fugl-Meyer assessment (0–34)
Week 0 22.5±5.1c 21.1±4.1d

Week 4 25.1±7.5 24.4±5.4
Week 8 29±3.3cf 27.8±5.5df

sEMG level (μV) of gastrocnemius
Week 0 21.8±6.9 19.9±7.1
Week 4 15.8±7.8g 26.8±9.1g

Week 8 14.1±7.7h 29.9±8.4h

Results are presented as the mean ± SD. a,b,c,dp<0.05, 
self-matching test for MBI and FMA, compared be-
fore and 8 weeks later. e,fp<0.05, comparison of MBI 
and FMA between the treatment and control groups 
at week 8. g,hp<0.05, comparison of the sEMG levels 
(μV) of the gastrocnemius between treatment and con-
trol groups at weeks 4 and 8.

Table 3. The changes in step length, cadence,speed, and 6-min 
walking distance in the treatment groups and control 
group in week 8

Treatment group 
(n=11)

Control group 
(n=12)

Step length (cm) 103.8±9.8a 69.9±7.7a

Cadence (steps/min) 82.6±8.1b 77.2±5.5b  
Speed (cm/s) 112.5±11.5c 89.3±17.1c

6-min walking distance (m) 398.9±22.7d 322.7±37.6d

Results are presented as the mean ± SD. a,b,c,d p<0.05, compari-
son of step length, cadence, speed and 6-min walking distance 
between the treatment and control groups at week 8.

Table 4. Modified Ashworth Scale scores in both the treat-
ment and control group

Modified Ashworth Scale scores
0 1 1+ 2 3 4

Treatment group (n=11) 0 7 3 1 0 0
Control group (n=12) 0 0 3 5 4 0
Comparison of muscle tone by MAS between the treatment 
and control groups at week 8 (χ2 tests, p<0.05).
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The limitation of the study is obvious: the number of 
patients is small. The long-term efficacy and safety and 
the effects on rehabilitation of early BTX-A injection will 
be evaluated using data obtained in more patients. We also 
should perform further research to find the optimal dose of 
BTX-A for subacute stroke patients.

ACKNOWLEDGEMENTS

We would like to thank all the participants included in 
this study and their family members. We would also like to 
acknowledge the people who assisted in the identification of 
patients, the input of data, and the examination and assess-
ment processes.

REFERENCES

1) Ferreira LA, Neto HP, Grecco LA, et al.: Effect of ankle-foot orthosis on 
gait velocity and cadence of stroke patients: a systematic review. J Phys 
Ther Sci, 2013, 25: 1503–1508. [Medline]  [CrossRef]

2) Tomita Y, Usuda S: Temporal motor coordination in the ankle joint fol-
lowing upper motor neuron lesions. J Phys Ther Sci, 2013, 25: 539–544. 
[Medline]  [CrossRef]

3) Kim CS, Gong W, Kim SG: The effects of lower extremitiy muscle 
strengthening exercise and treadmill walking exercise on the gait and bal-
ance of stroke patients. J Phys Ther Sci, 2011, 23: 405–408.  [CrossRef]

4) Pandyan AD, Gregoric M, Barnes MP, et al.: Spasticity: clinical percep-
tions, neurological realities and meaningful measurement. Disabil Reha-
bil, 2005, 27: 2–6. [Medline]  [CrossRef]

5) Ward AB: Spasticity treatment with botulinum toxins. J Neural Transm, 
2008, 115: 607–616. [Medline]  [CrossRef]

6) Lundström E, Terént A, Borg J: Prevalence of disabling spasticity 1 year 
after first-ever stroke. Eur J Neurol, 2008, 15: 533–539. [Medline]  [Cross-
Ref]

7) Sommerfeld DK, Eek EU, Svensson AK, et al.: Spasticity after stroke: its 
occurrence and association with motor impairments and activity limita-
tions. Stroke, 2004, 35: 134–139. [Medline]  [CrossRef]

8) Lundström E, Smits A, Terént A, et al.: Time-course and determinants of 
spasticity during the first six months following first-ever stroke. J Rehabil 
Med, 2010, 42: 296–301. [Medline]  [CrossRef]

9) Kong KH, Chua KS, Lee J: Symptomatic upper limb spasticity in patients 
with chronic stroke attending a rehabilitation clinic: frequency, clinical 

correlates and predictors. J Rehabil Med, 2010, 42: 453–457. [Medline]  
[CrossRef]

10) Urban PP, Wolf T, Uebele M, et al.: Occurence and clinical predictors of 
spasticity after ischemic stroke. Stroke, 2010, 41: 2016–2020. [Medline]  
[CrossRef]

11) van Kuijk AA, Hendricks HT, Pasman JW, et al.: Are clinical characteris-
tics associated with upper-extremity hypertonia in severe ischaemic supra-
tentorial stroke? J Rehabil Med, 2007, 39: 33–37. [Medline]  [CrossRef]

12) McIntyre A, Lee T, Janzen S, et al.: Systematic review of the effective-
ness of pharmacological interventions in the treatment of spasticity of the 
hemiparetic lower extremity more than six months post stroke. Top Stroke 
Rehabil, 2012, 19: 479–490. [Medline]  [CrossRef]

13) Speelman JD: Treatment strategies in movement disorders. J Inherit Metab 
Dis, 2005, 28: 441–444. [Medline]  [CrossRef]

14) Kanovský P, Slawek J, Denes Z, et al.: Efficacy and safety of botulinum 
neurotoxin NT 201 in poststroke upper limb spasticity. Clin Neurophar-
macol, 2009, 32: 259–265. [Medline]  [CrossRef]

15) Rosales RL, Chua-Yap AS: Evidence-based systematic review on the ef-
ficacy and safety of botulinum toxin-A therapy in post-stroke spasticity. J 
Neural Transm, 2008, 115: 617–623. [Medline]  [CrossRef]

16) Mancini F, Sandrini G, Moglia A, et al.: A randomised, double-blind, 
dose-ranging study to evaluate efficacy and safety of three doses of botu-
linum toxin type A (Botox) for the treatment of spastic foot. Neurol Sci, 
2005, 26: 26–31. [Medline]  [CrossRef]

17) Hermens HJ, Freriks B, Merletti R, et al.: SENIAM: European recommen-
dations for surface electromyography. Roessingh Research and Develop-
ment 1999.

18) Borg J, Ward AB, Wissel J, et al. BEST Study Group: Rationale and de-
sign of a multicentre, double-blind, prospective, randomized, European 
and Canadian study: evaluating patient outcomes and costs of managing 
adults with post-stroke focal spasticity. J Rehabil Med, 2011, 43: 15–22. 
[Medline]  [CrossRef]

19) Cousins E, Ward A, Roffe C, et al. E A C: Does low-dose botulinum toxin 
help the recovery of arm function when given early after stroke? A phase 
II randomized controlled pilot study to estimate effect size. Clin Rehabil, 
2010, 24: 501–513. [Medline]  [CrossRef]

20) Cosgrove AP, Graham HK: Botulinum toxin A prevents the development 
of contractures in the hereditary spastic mouse. Dev Med Child Neurol, 
1994, 36: 379–385. [Medline]  [CrossRef]

21) Santamato A, Micello MF, Panza F, et al.: Safety and efficacy of incobotu-
linum 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: 483–489. [Medline]

22) Kaji R, Osako Y, Suyama K, et al. GSK1358820 Spasticity Study Group: 
Botulinum toxin type A in post-stroke lower limb spasticity: a multicenter, 
double-blind, placebo-controlled trial. J Neurol, 2010, 257: 1330–1337. 
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/24396220?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1503
http://www.ncbi.nlm.nih.gov/pubmed/24259798?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.
http://dx.doi.org/10.1589/jpts.23.405
http://www.ncbi.nlm.nih.gov/pubmed/15799140?dopt=Abstract
http://dx.doi.org/10.1080/09638280400014576
http://www.ncbi.nlm.nih.gov/pubmed/18389166?dopt=Abstract
http://dx.doi.org/10.1007/s00702-007-0833-2
http://www.ncbi.nlm.nih.gov/pubmed/18355307?dopt=Abstract
http://dx.doi.org/10.1111/j.1468-1331.2008.02114.x
http://dx.doi.org/10.1111/j.1468-1331.2008.02114.x
http://www.ncbi.nlm.nih.gov/pubmed/14684785?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000105386.05173.5E
http://www.ncbi.nlm.nih.gov/pubmed/20461330?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0509
http://www.ncbi.nlm.nih.gov/pubmed/20544156?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0545
http://www.ncbi.nlm.nih.gov/pubmed/20705930?dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.110.581991
http://www.ncbi.nlm.nih.gov/pubmed/17225035?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0009
http://www.ncbi.nlm.nih.gov/pubmed/23192713?dopt=Abstract
http://dx.doi.org/10.1310/tsr1906-479
http://www.ncbi.nlm.nih.gov/pubmed/15868476?dopt=Abstract
http://dx.doi.org/10.1007/s10545-005-8049-9
http://www.ncbi.nlm.nih.gov/pubmed/19644361?dopt=Abstract
http://dx.doi.org/10.1097/WNF.0b013e3181b13308
http://www.ncbi.nlm.nih.gov/pubmed/18322637?dopt=Abstract
http://dx.doi.org/10.1007/s00702-007-0869-3
http://www.ncbi.nlm.nih.gov/pubmed/15877184?dopt=Abstract
http://dx.doi.org/10.1007/s10072-005-0378-9
http://www.ncbi.nlm.nih.gov/pubmed/21174051?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0663
http://www.ncbi.nlm.nih.gov/pubmed/20483887?dopt=Abstract
http://dx.doi.org/10.1177/0269215509358945
http://www.ncbi.nlm.nih.gov/pubmed/8168656?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.1994.tb11863.x
http://www.ncbi.nlm.nih.gov/pubmed/23480980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20358216?dopt=Abstract
http://dx.doi.org/10.1007/s00415-010-5526-3

