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Abstract
No recommended guidelines currently exist for the therapeutic concentration or dose of botulinum toxin type A (BTXA) injected into the 
muscle to treat limb spasticity. Therefore, in this randomized controlled trial, we explored the safety and efficacy of two concentrations and 
two doses of BTXA in the treatment of spastic foot after stroke to optimize this treatment in these patients. Eligible patients (n = 104) were 
randomized into four groups. The triceps surae and tibialis posterior on the affected side were injected with BTXA at one of two doses (200 
U or 400 U) and two concentrations (50 U/mL or 100 U/mL). The following assessments were conducted before as well as 4 days and 1, 2, 
4, and 12 weeks after treatment: spasticity, assessed using the modified Ashworth scale; basic functional mobility, assessed using a timed 
up and go test; pace, assessed using a 10-meter timed walking test; and the ability to walk, assessed using Holden’s graded scale and a visual 
analog scale. The reported results are based on the 89 patients that completed the study. We found significant differences for the two doses 
and concentrations of BTXA to improve the ability of patients to walk independently, with the high-dose/low-concentration combination 
providing the best effect. Onset and duration of the ameliorating effects of BTXA were 4–7 days and 12 weeks, respectively. Thus, BTXA 
effectively treated foot spasms after stroke at an optimal dose of 400 U and concentration of 50 U/mL. 
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Graphical Abstract

Different concentrations and doses of therapeutic botulinum toxin A (BTXA) for spastic feet after stroke

Introduction
Stroke is currently one of the top three causes of death in 
China, with high morbidity, mortality, and disability, rates 
that markedly reduce the quality of life. Unfortunately, few 
effective treatments exist for stroke and its sequelae. Early 
thrombolysis is an evidence-based clinically effective ther-
apy for ischemic stroke and rehabilitation, whereas reha-
bilitation can be more a “better late than never” approach. 
After experiencing a stroke, approximately 75% of patients 
will have a variety of dysfunctions, and spasticity is an im-
portant cause of some of these dysfunctions (Lundstrom et 

al., 2010).
Limb spasticity after stroke is part of upper motor neuron 

syndrome, and it detrimentally affects movement, leading 
to a deteriorated ability to care for oneself (Kaňovský et 
al., 2011; Intiso et al., 2014). Spastic foot is common after 
stroke, affecting the patients’ ability to walk as well as their 
speed, limb position, and body stability, and is an active top-
ic in stroke rehabilitation research (Esquenazi et al., 2009). 
Although a few treatments exist for spastic foot drop and 
varus, their outcomes differ across studies (Kaji et al., 2010; 
Pradon et al., 2011). 
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1) BTXA can improve the spasticity of the 
affected limbs and the patients ability to 
walk independently. 
2) Onset time of BTXA is 4–7 days. 
3) Higher dose and lower concentration 
are more effective. 
4) The effects of BTXA last for more than 
3 months. 
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Therapeutic botulinum toxin A (BTXA) administration 
has met with success in treating spasticity after stroke. 
However, recommended doses and muscles selected for the 
BTXA injection still need to be standardized (Santamato et 
al., 2013b). Moreover, no guidelines offer a unified standard 
for the concentration or dose of BTXA, which vary widely 
across reports. We have treated limb spasticity in patients 
after stroke with BTXA for more than 10 years, using doses 
from 100 U to 600 U and concentrations of 40–100 U/mL 
with variable outcomes. Therefore, in the present study, we 
determined the therapeutic effect of different concentra-
tions and doses of BTXA on spastic foot in patients after 
stroke.

Subjects and Methods
Subjects
This study was a randomized controlled trial. All enrolled 
patients were admitted to the Department of Rehabilitation 
Medicine at our hospital from August 2013 to August 2016 
and randomized into four groups using a random number 
table based on the consecutive order of admission. The 
main inclusion criterion was a diagnosis of stroke according 
to the revised Diagnostic Criteria of the Fourth National 
Cerebrovascular Disease Conference (The Fourth National 
Cerebrovascular Disease Conference and Chinese Medical 
Association, 1996), and included individuals having cere-
bral infarction or cerebral hemorrhage with supratentorial 
lesions, and hemiplegia, verified by computed tomography 
scans or magnetic resonance imaging. Additional inclusion 
criteria included treatment for at least 1 month, the presence 
of spastic strephenopodia and foot drop on the affected side, 
the ability to walk with or without assistance, a score of ≥ I+ 
on the modified Ashworth scale (Ashworth, 1964), ineffec-
tive or not very effective treatment with oral antispasmodics, 
no severe cardiovascular disease, and no history of allergy to 
BTXA. Importantly, the patients and their families also had 
to agree to the injection method and give informed consent. 
Patients meeting any of the following criteria were excluded: 
pregnancy, history of serious allergic reactions, the patient or 
their families declined to participate, severe cardiovascular 
disease, unstable hypertension, local infection at the planned 
injection site, or more than mild cognitive impairment, or 
mental disorder.

The population size required to conduct the study was 
calculated using the application “Sample size calculator for 
clinical research” (updated version of V1.1 https://itunes.
apple.com/app/id438080153). The study was approved by 
the Ethics Committee of the Affiliated Hospital of Qingdao 
University of China (approval No. 20130617) and was per-
formed according to the 1964 Declaration of Helsinki. All 
patients gave informed consent prior to taking part in any 
procedure in this study. 

The patients were randomized into the following four 
groups based on the BTXA (trade name HengLi; Lanzhou 
Institute of Biological Products, Lanzhou, China) dose and 
concentration (Chinese Association of Rehabilitation Med-

icine, 2015) by using a random number table: low-dose/
low-concentration group (n = 21), low-dose/high-concen-
tration group (n = 22), high-dose/low-concentration group 
(n = 24), and high-dose/high-concentration group (n = 22). 
The low dose was 200 U, and the high dose was 400 U. The 
low concentration was 50 U/mL and the high concentration 
was 100 U/mL. 

Intervention 
For foot drop, the gastrocnemius and soleus were chosen 
as the injection sites, and for strephenopodia, the tibialis 
posterior. 

The dosages and injection points for BTXA were as fol-
lows: (1) gastrocnemius, 100–150 U, 6–8 injection points; 
(2) soleus 50–150 U, 4–6 points; and (3) tibialis posterior, 
50–100 U, 2–3 points. Each injection point was given the 
BTXA diluent of ≤ 0.5 mL, thus the BTXA dose was ≤ 50 U.

A low-frequency electric diagnostic instrument (En-
raf-Nonius ENA-1550, Enraf-Nonius, Rotterdam, The 
Netherlands) was used to find the best injection site, that 
is, the site at which a low stimulation led to a maximum 
muscle contraction. The stimulation output was a single 
square wave (wave width, 100–300 nm; frequency, 300 ms; 
intensity, 0.2–0.8 mA). A plexus block needle, (Stimuplex-A, 
Tianrui Company, Lianyungang, China) 50 mm in length 
was used. 

To determine the best BTXA injection site, a surface elec-
trode with a stimulation electric current intensity of 10–20 
mA was used to select the position on skin that had the big-
gest response to the smallest stimulation and that site was 
marked. A Stimuplex A needle was used to penetrate the 
muscle through this marked site. The depth was changed 
to determine the best injection site, which was a site having 
visible muscle contraction (such as a range of motion that 
varied by at least 5°) when stimulated with minimal current 
intensity (such as approximately 0.1 mA), the so-called mo-
tor point (Van Campenhout and Molenaers, 2011). For deep 
muscles, the diagnostic instrument and block needle were 
used directly with a low simulating current to determine the 
point at which a minimal stimulus intensity caused the larg-
est muscle contraction.

Assessments 
The parameters measured included classification on the 
modified Ashworth scale (MAS) to assess spasticity (Black-
burn et al., 2002; Nakhostin Ansari et al., 2012), the 6-meter 
timed up and go (TUG) test of basic functional mobility 
(Podsiadlo and Richardson, 1991), a 10-meter timed walk-
ing test, and the ability to walk as scored on Holden’s graded 
scale (Holden et al., 1984). The scores on the MAS were as 
follows: grade 0, no increase in muscle tone; grade I: able 
to perform a passive flexion or extension, a slight increase 
in muscle tone, and a sense of attachment at the end of the 
movement; grade I+: a slight increase in muscle tone, after 
50% of range of motion, a slight sense of congestion, and ac-
companied by a certain resistance; grade II: muscle tension 
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increases significantly during most of the range of motion, 
but the affected part is still easy to move; grade III: severely 
increased muscle tone, passive activity is difficult; grade IV: 
the flexion and extension of the joint are limited and stiff. 
Scoring method: grade 0, score 0; grade I, score 1; grade I+, 
score 1.5; grade II, score 2; grade III, score 3; grade IV, score 4.
For 6-minute TUG task, the overall time was recorded for 
the patient to stand from a seated position, move forward in 
a straight line for 3 meters, return to the same seat, and sit 
down. Data were assessed twice, with a 1-minute interval, 
and the average value was calculated. 

For the 10-meter timed walking assessment, a 14-meter 
long, flat surface on the ground was selected and marks 
were placed at 2 and 12 meters. The patient walked across 
the floor, and the time for the patient to traverse the middle 
10 meters was recorded. The average value of two measure-
ments obtained with an interval between the trials of 1 min-
ute was recorded. 

Holden’s scale was scored using the following 5 levels: 
Level 0 (no function), cannot walk or needs assistance 
from more than two persons; level 1 (requires continuous 
assistance), needs one person’s continuous assistance to 
walk; level 2 (requires a little assistance), able to walk but 
has poor balance, is unsafe, and needs 1 person in the vi-
cinity to apply either continuous or intermittent contact 
with the body to help, or needs to use assistive devices to 
ensure safety; level 3 (some care or verbal guidance): able to 
walk, but not normally or not safely and needs one person 
to monitor or guide by verbal instruction but not by con-
tact with the body. Level 4 (independence on the ground), 
can walk on flat ground, but walking on a slope, uneven 
ground, or stairs is still difficult and thus needs someone to 
assist or offer some care. Level 5 (complete independence), 
able to walk anywhere safely. 

These parameters were evaluated before (baseline) and 1, 
2, 4, and 12 weeks after BTXA administration by the same 
clinician and therapist, who were well trained and blinded to 
patient information. All patients were evaluated under simi-
lar conditions.

Statistical analysis 
The SPSS 16.0 software (SPSS, Chicago, IL, USA) was used 
for statistical analysis. Normally distributed data were pre-
sented as the mean ± SD. All measurements were analyzed 
with one-way analysis of variance followed by the least 
significant difference test, or chi-square test followed by 
Kruskal–Wallis test. Count data are shown as frequencies 
or percentages and were compared using the chi-square 
test. The effect of time was examined using linear-by-linear 
associations. For all tests, a value of P < 0.05 was considered 
statistically significant.

Results
Participants
Eligible patients (n = 104) diagnosed as having spastic 
strephenopodia and prolapsed foot were enrolled in this 

study. In total, 89 patients completed the study and were 
recorded. Of these, 65 were men and 24 were women; and 
the overall age range was 35 to 79 years (mean ± SD, 58.75 
± 17.87 years). Among them, 63 patients had cerebral 
infarction (46 men, 17 women; mean age ± SD, 57.66 ± 
15.83 years) and 26 had cerebral hemorrhage (19 men and 
7 women, mean age, 59.53 ± 18.31 years). There were no 
significant differences in patient characteristics across the 
four groups at the start of the study (P > 0.05; Table 1). A 
flow diagram of patient progress throughout the trial is 
shown in Figure 1.

Effect of BTXA injection on lower-extremity motor 
function in patients with spastic foot after stroke
Four days after BTXA administration, only the high-dose/
high-concentration group showed a difference in the as-
sessed parameters as compared with baseline values (Table 
2). Although the MAS scores showed some improvement 
in this group, the difference was not statistically significant 
compared with either its baseline assessment or with scores 
of other groups (P > 0.05). One week after BTXA adminis-
tration, however, the MAS scores in the high-dose/low-con-
centration and high-dose/high-concentration groups were 
significantly lower than their respective values both 4 days 
after treatment and at baseline (P < 0.05), whereas the scores 
in the other two (low-dose) groups showed no significant 
changes for the same comparisons (P > 0.05). No significant 
change was detected in walking speed or Holden or TUG 
scores for any group between baseline and 4 days or 1 week 
after the BTXA administration. At 2 weeks, the MAS scores 
in all four groups were significantly lower than those re-
corded at both previous time points (P < 0.05). At 4 weeks, 
few changes were observed in the measured parameters 
in both low-dose groups compared with the previous as-
sessments in these groups. However, significant differences 
in MAS scores were observed in both the high-dose/low- 
concentration and high-dose/high-concentration groups. 
Walking speed and TUG scores had significantly improved 
in both the high-dose groups compared with those before 
and at 2 weeks after treatment (P < 0.05). Holden scores 
were significantly improved in the low-dose/high-concen-
tration and high-dose/low-concentration groups at 4 weeks 
compared with those before treatment (P < 0.05). At 12 
weeks, MAS scores had almost returned to their original 
values in both low-dose groups, but remained improved in 
both high-dose groups. By contrast, compared with base-
line values, walking speed, Holden scores, and TUG values 
were significantly improved 12 weeks after treatment in all 
groups. 

Onset and duration of therapeutic effects following BTXA 
administration to patients with spastic foot after stroke
We determined the time of onset and duration of therapeutic 
effects of BTXA and found statistically significant differences 
both between and within groups (P < 0.05; Table 3). Among 
the four groups, the high-dose/low-concentration group 
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(dose, 400 U; concentration, 50 U/mL) had the shortest on-
set and longest duration of action (P < 0.05).

Adverse effects of BTXA administration in patients with 
spastic foot after stroke
Eight patients experienced adverse effects, including local 
bleeding at the injection site, transient dysphagia, allergic 

reaction, and fainting during treatment; however, none of 
these adverse effects led to severe consequences. Three of 
the patients reported feeling intolerable pain, and received 
local anesthesia before the injection. Swelling was seen at the 
injection site in five patients on the day of the injection, but 
this swelling was ameliorated with the application of cold 
compresses. 

Table 1 Characteristics by group of participating patients with spastic strephenopodia and foot drop after stroke

Group n

Gender

Age (year) Cerebral infarction Cerebral hemorrhageMale Female

Low-dose/low-concentration BTXA 21 15 6 57.38±17.35 14 7
Low-dose/high-concentration BTXA 22 14 8 59.33±15.62 17 5
High-dose/low-concentration BTXA 24 19 5 58.27±14.75 16 8
High-dose/high-concentration BTXA 22 17 5 57.94±18.05 16 6

Total 89 65 24 58.75±17.87 63 26

Low dose: 200 U; high dose: 400 U; low concentration: 50 U/mL; high concentration: 100 U/mL. Target muscles were the triceps surae and tibialis 
posterior on the affected side, and injection sites on each muscle were as similar as possible across patients. Data are expressed as number of 
participants, except age, which is expressed as the mean ± SD. BTXA: Botulinum toxin A.

Table 2 Effects of BTXA treatment on assessed measures in patients with spastic strephenopodia and foot drop after stroke

MAS (score) TW-10 (second) Holden Grading (score) VAS-WF (score) TUG (second)

Low-dose/low-concentration BTXA group (n = 21)
Before injection 3.75±0.71 18.77±5.04 3.52±0.31 3.12±0.43 26.45±6.03
4 days 3.72±0.69 18.92±4.76 3.56±0.63 3.18±0.50 25.97±6.10
1 week 3.67±0.51 17.45±5.31 3.43±0.59 3.11±0.39 25.21±5.98
2 weeks 3.21±0.43* 17.36±5.52 3.51±0.64 3.19±0.48 24.37±6.23
4 weeks 3.18±0.54* 16.85±4.87 3.57±0.57 3.21±0.51 22.16±6.07
12 weeks 3.13±0.51* 13.78±5.19* 3.73±0.56* 5.42±0.55* 20.37±5.35*

Low-dose/high-concentration BTXA group (n = 22)
Before injection 3.78±0.41 17.87±5.10 3.33±0.43 3.22±0.47 25.86±7.01
4 days 3.76±0.39 17.48±5.45 3.37±0.54 3.13±0.49 25.59±7.43
1 week 3.63±0.46 17.14±6.03 3.44±0.55 3.12±0.44 25.32±6.23
2 weeks 3.33±0.31* 16.40±5.36 3.51±0.46 3.13±0.47 24.58±6.79
4 weeks 3.25±0.48* 13.84±3.86* 3.69±0.53* 3.21±0.53 21.12±7.21*

12 weeks 3.26±0.46* 13.03±3.28* 3.75±0.51* 5.53±0.58* 20.78±6.96*

High-dose/low-concentration BTXA group (n = 24)
Before injection 3.74±0.47 17.35±4.27 3.37±0.58 3.10±0.46 26.02±7.32
4 days 3.73±0.53 17.42±5.12 3.31±0.53 3.18±0.50 25.75±6.86
1 week 3.55±0.61* 16.34±5.24 3.36±0.55 3.11±0.41 24.51±6.83
2 weeks 3.23±0.58* 16.32±5.57 3.51±0.61 3.16±0.40 23.88±6.79
4 weeks 2.61±0.57*# 13.11±5.15* 3.68±0.59* 3.21±0.45 20.38±6.17*#

12 weeks 2.84±0.61* 11.76±4.67*# 3.85±0.50* 571±0.61* 19.72±7.09*#

High-dose/high-concentration BTXA group (n = 22)
Before injection 3.69±0.63 17.47±4.53 3.35±0.52 3.25±0.48 26.17±8.15
4 days 3.67±0.58 16.86±5.19 3.48±0.59 3.19±0.46 25.76±7.26
1 week 3.26±0.60* 16.67±5.71 3.51±0.51 3.12±0.42 24.33±7.66
2 weeks 2.96±0.54*# 16.31±6.23 3.56±0.53 3.18±0.50 23.32±6.83
4 weeks 2.85±0.61*# 13.26±3.01*# 3.43±0.49 3.24±0.53 18.49±6.97*#

12 weeks 2.73±0.57*† 12.32±2.67*† 3.89±0.54*#† 5.66±0.65* 17.83±6.81*#†

Low dose: 200 U; high dose: 400 U; low concentration: 50 U/mL; high concentration: 100 U/mL. Target muscles were the triceps surae and tibialis 
posterior on the affected side, and injection sites on each muscle were as similar as possible across patients. Data are expressed as the mean ± SD 
and were analyzed with one-way analysis of variance followed by the least significant difference test. *P < 0.05, vs. before treatment and 4 days after 
treatment; #P < 0.05, vs. previous assessment; †P < 0.05, vs. other groups assessed at the same time point. VAS-WF: Visual analog scale for walking 
function; BTXA: Botulinum toxin A.
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Figure 1 Flow diagram showing the progress of patients throughout the trial and the measures examined. 
Low dose: 200 U; high dose: 400 U; low concentration: 50 U/mL; high concentration: 100 U/mL. Target muscles were the triceps surae and tibi-
alis posterior on the affected side, and injection sites on each muscle were as similar as possible across patients. BTXA: Botulinum toxin A.

Discussion
BTXA has been used clinically for more than half a century. 
In recent years, patients with upper motor neuron syndrome 
have been administered BTXA, which has shown good ef-
fects, but the optimal dose and concentration as well as stan-
dardized recommendations have not been established (Bar-
icich et al., 2008; Wang and Gao, 2008). Currently, only a few 
countries, including Great Britain, China, and the United 

States, produce BTXA preparations (Béseler et al., 2012). 
In China, only the Lanzhou Institute of Biological Products 
is licensed to produce BTXA. The name of this product is 
HengLi, and each bottle contains 100 U. BTXA was officially 
registered for commercial use in the United States in 1989 
under the trade name Botox (Wang and Gao, 2008). Al-
though BTXA is a toxic substance, it has been clinically used 
safely for 50 years in humans (Cigna et al., 2014; Schramm et 
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al., 2014). 
In China, the current consensus of domestic experts is that 

the maximum safe dose of the product called Botox is 600 
U per patient (Rousseaux et al., 2014). Long-term clinical 
observations and reports have confirmed that the domestic 
product, HengLi, is similar to Botox in dose and efficacy, but 
no large-scale clinical observation trials with HengLi have 
been reported until now.

HengLi was used in this controlled clinical trial and our 
results showed that this product was effective for treating 
spastic foot. Although both high and low doses were ef-
fective, the higher dose led to faster therapeutic onset. A 
high dose at a low concentration showed the most rapid 
onset of effects, whereas the therapeutic onset was slowest 
at a low dose with a low concentration. The duration of 
action (averaging 5–7 months) in both high-dose groups 
was longer than that in the two low-dose groups, in which 
the effects lasted 3–5 months on average. This result is 
consistent with those of previous reports, and no severe 
adverse effects were observed (Fung et al., 2012; Santa-
mato et al., 2013a). Regarding the visual analog scale for 
walking function assessments, no significant improvement 
was found in any group during the first 12 weeks, but sig-
nificant differences were observed after 12 weeks. This may 
indicate that restoring the ability to walk in patients with 
hemiplegia is quite challenging, and satisfactory recovery 
is generally achieved after participation in a comprehen-
sive rehabilitation program.

In this clinical trial, we examined patients with spastic foot 
after stroke who were randomized to four groups based on 
the treatment dose and concentration of BTXA. This was the 
first time we had conducted this study with HengLi, and no 
other similar study was found in our search of published ar-
ticles in the PubMed database. However, a recent study used 
a higher dose of incobotulinumtoxin A than usual (up to 840 
U), and found it was safe (Santamato et al., 2017). In another 
clinical trial, the authors compared the effects of Botox to 
another similar compound, letibotulinumtoxin A (Botulax), 
and found that the compounds had similar effects (Do et al., 
2017). 

The relatively small sample size is a limitation of the pres-
ent study that should be taken into consideration when 
interpreting our results, and we plan to increase the sample 

size and include additional subgroups, such as different types 
of botulinum toxin injected into various sites, in a future 
study.

In conclusion, despite individual differences in patient 
responsiveness, the therapeutic use of BTXA in lower limb 
spasticity shows a positive dose-effect relationship (Picelli 
et al., 2014). The results of our study indicate that the high-
er dose and lower concentration of BTXA used in this study 
can be safely administered in the clinic to treat patients 
with spastic foot after stroke. Reducing spasticity is not the 
ultimate aim of BTXA administration (Ding et al., 2015). 
Instead, the goal of this therapy is to provide sufficient 
time for other rehabilitation measures, such as correcting 
deformities (Chinese Association of Rehabilitation Medi-
cine, 2015), that will allow patients to achieve a maximum 
degree of selfcare and to eventually restore their abilities to 
perform their normal daily activities and fully function in 
society.
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Table 3 Onset and duration of therapeutic effects following BTXA administration to patients with spastic strephenopodia and foot drop after 
stroke

Group

Onset time (day) Action time of BTXA (month)

3–6 7–10 11–14 > 14 2–3 4–5 > 6

Low-dose/low-concentration BTXA (n = 21) 1(5) 8(38) 10(48) 2(10) 6(29) 15(71) 0(0)
Low-dose/high-concentration BTXA (n = 22) 2(9) 10(45) 9(41) 1(5) 8(36) 14(64) 0(0)
High-dose/low-concentration BTXA (n = 24) 7(29) 12(50) 5(21) 0(0) 1(4) 19(79) 4(17)
High-dose/high-concentration BTXA (n = 22) 5(23) 9(41) 8(36) 0(0) 2(9) 19(86) 1(5)

Low dose: 200 U; high dose: 400 U; low concentration: 50 U/mL; high concentration: 100 U/mL. Target muscles were the triceps surae and 
tibialis posterior on the affected side, and injection sites on each muscle were as similar as possible across patients. Data are expressed as number 
(percentage). BTXA: Botulinum toxin A.
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