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ABSTRACT      
INTRODUCTION: Spasticity is a relatively common complication of stroke. In the lower limb, it generally involves the ankle and the foot, often 
leading to equinovarus deformity. Botulinum toxin (BoNT) injections are commonly used to manage spasticity, both in the subacute and chronic 
phase after stroke; however, their effects on function, particularly gait, are uncertain. This systematic review aims to update the current evidence 
on the effects of BoNT treatment on gait function in stroke survivors.
EVIDENCE ACQUISITION: This systematic review follows the PRISMA guidelines. We searched five databases (PubMed, Embase, Scopus, 
CINAHL, Web of Science) for Randomized Controlled Trials (RCTs) published in English that investigated the effects of BoNT injections on 
gait in individuals with stroke compared to any other treatment or no treatment. Two reviewers independently selected the studies, assessed the 
risk of bias using the PEDro scale, and extracted the results. Standardized mean differences were calculated and, when possible, meta-analyses 
were performed, using random effects models.
EVIDENCE SYNTHESIS: From a total of 1238 records, 8 studies met the inclusion criteria, all but one study enrolling participants with chronic 
stroke. Sample sizes ranged from 16 to 468 subjects, for a total of 434 in the experimental groups and 568 in the control groups.. Gait function 
was assessed using a variety of gait tests, including instrumental gait analysis. Meta-analyses showed no significant effects of BoNT on gait 
speed, step frequency or step length. One small, underpowered study, with high risk of bias, reported significant improvements of gait speed in 
individuals with subacute stroke. Other gait-related variables were measured in single small trials, most often finding no differences between 
BoNT and control interventions.
CONCLUSIONS: Our findings indicate that current evidence shows no effects of BoNT treatment on gait speed, and insufficient evidence on 
its effects on other gait parameters. Adequately-powered, high-quality trials are needed to verify whether BoNT treatment, beyond reducing 
spasticity, can positively impact functional outcomes other than gait speed in individuals with chronic post-stroke lower limb spasticity and/or 
during early stroke recovery.
(Cite this article as: De Santis C, Doronzio S, Szczepanska MA, Lombardi G, Cristella G, Castagnoli C, et al. Effects of lower limb botulinum toxin 
injections on gait functional outcomes in stroke survivors: a systematic review and meta-analysis. Eur J Phys Rehabil Med 2025;61:449-61. DOI: 
10.23736/S1973-9087.25.08995-6)
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tion of muscle tone as the primary outcome. A meta-
analysis published in 2016,7 aimed to assess the benefits 
of BoNT injection after stroke, and including 7 articles 
(603 patients), confirmed a statistically significant de-
crease in muscle tone, observed at week 4 and 12 after 
treatment compared to controls. BoNT therapy was also 
associated to increased Lower Limb Fugl-Meyer scores, 
but no effects were found on gait speed during the whole 
follow-up period. Indeed, the same review reported a lack 
of studies investigating functional outcomes after BoNT 
injections. These shortcomings were also highlighted by 
a more recent systematic review by Gupta et al.4 evaluat-
ing the effecs of lower limb BoNT injections on walking 
and Quality of Life (QoL) in individuals with stroke. The 
Authors reported insufficient evidence to support or refute 
improvement on walking or QoL following BoNT injec-
tions, and stressed the need for further well-designed Ran-
domized Clinical Trials (RCTs) targeting these outcomes.

The main objective of this systematic review was to 
evaluate whether, six years after the recommendations by 
Gupta et al.,4 the call for large RCTs addressing the func-
tional effects of BoNT treatment for lower limb spasticity 
in stroke survivors has been met, and to summarize the 
current evidence on the effects of BoNT treatment on gait 
function.

Evidence acquisition

Study design, registration and setting

We designed and reported this systematic review, follow-
ing the PRISMA-P8 checklist and according to the PRIS-
MA Statement 2020.9 The study design was registered 
on PROSPERO under the ID CRD42023423818. The 
study was carried out by researchers of the joint research 
PROMISE@LAB.

Search strategy

To establish a search strategy, the PICO10 model was 
used (Table I). We searched for RCTs published in Eng-
lish that investigated the effects of BoNT injections on 

Introduction

In Europe, stroke affects 600,000 persons/year;1 stroke 
incidence and the prevalence of stroke survivors are 

constantly rising, in line with the aging of the population 
worldwide and with the improvements of survival rates af-
ter a stroke. According to projections of the Global Burden 
of Disease study, 2015, and to the Eurostat (statistical of-
fice of the EU) demographic projections, a 34% increase 
in total number of stroke events in the EU between 2015 
and 2035 is expected.1

According to Jorgensen et al.,2 walking function is im-
paired in two out of three persons with acute stroke and 
half of them are unable to walk even with assistance; most 
individuals recover the ability to walk within the first 11 
weeks post-stroke, while only 5% of stroke survivors ex-
perience further recovery after that time. At the end of 
rehabilitation, 64% of stroke survivors have independent 
walking function, 14% are dependent on assistance, and 
22% remain unable to walk.2

Spasticity and muscle weakness (spastic paresis), both 
resulting from neurological damage, are common after 
stroke, and markedly influence motor function, compli-
cating the rehabilitation process.3 Post-stroke lower limb 
spasticity generally affects the ankle and the foot, leading 
to equinovarus deformity, spasms and pain, and affecting 
balance, stride, gait, mobility.4 Spasticity may also cause 
alterations in gait patterns, e.g. loss of optimal contact, 
poor stance phase or loss of heel to toe rockers.4

Interventions to reduce spasticity after stroke include 
various treatments, such as physiotherapy, orthoses, phar-
macological treatment, orthopedic surgery and neurosur-
gery.5 Among focal pharmacological therapies, botulinum 
toxin (BoNT) agents are administered by intramuscular in-
jection. Leg spasticity represents the third most commonly 
treated group with BoNT injections, following arm spas-
ticity and hemispasticity.6 The most frequently targeted 
leg muscles for BoNT treatments are gastrocnemius (ca-
put medialis), tibialis posterior, soleus and gastrocnemius 
(caput lateralis).6

Studies on BoNT efficacy usually identify the reduc-

Table I.—��Criteria for eligibility of studies according to the PICO model.
Patients (P) Adult Stroke survivors who were able to walk, even with aids, regardless of stroke type, distance from onset, age and gender
Intervention (I) BoNT injections in lower limb muscles (any preparation, dose, treated muscles)
Control (C) Placebo or another treatment or no treatment)
Outcome (O) Gait function (any clinical scale or test measuring kinematic, including spatial-temporal, or kinetic parameters or global walking 

performance
Study design (S) Randomized controlled trials

English
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Data analysis

Gait-related outcomes were classified according to the 
measured variable, i.e. global gait function, spatial-tempo-
ral gait parameters, other kinematic and/or kinetic parame-
ters. Gait speed and step frequency values were converted 
to meters/second and steps/minute, respectively, when re-
ported in different units. For each outcome, the standard-
ized mean difference (SMD) with 95% confidence interval 
(CI) was used as the principal measure of effect size. The 
SMD was calculated for each study using differences in 
gait parameters between the treatment and control group, 
divided by the standard deviations of differences pooled 
from the two groups, at different time points. When pos-
sible, for each outcome, pooled estimates were obtained 
from different studies based on random effects models to 
account for the heterogeneity of results.14 Heterogeneity 
and inconsistency were assessed using the Q statistic and 
the I2 statistic, respectively.15 Differences in participants’ 
inclusion criteria, type of control, preparation and dose of 
BoNT injections, treated muscles, outcome measures and 
time of follow-up were examined as possible sources of 
heterogeneity in the results. Data from articles that were 
sufficiently homogeneous for these characteristics were 
pooled, with subgroup analyses when indicated. Meta-
analyses were conducted separately for each follow-up 
period. If a study reported data from groups treated with 
different doses of BoNT, the data from the group with the 
best outcome were included in the meta-analysis. The sta-
tistical analysis was performed with the jamovi (version 
2.5) computer software (The jamovi project, 2024. Re-
trieved from https://www.jamovi.org).

Evidence synthesis

The research on the 5 databases yielded 1238 records. 
After removal of duplicates, 761 records were screened 
by title and abstract and 37 full-text articles were as-
sessed for eligibility. Finally, 8 articles were included in 
the systematic review.16-23 The flow chart of the study se-
lection process is shown in Figure 1. In two studies,18, 23 
after the last RCT follow-up, an open-label extension of 
the study was conducted, in which all consenting par-
ticipants were treated with BoNT injections; only data 
from the RCT phase of these studies were included in the 
meta-analysis. For the study with a cross-over design17 
only data collected in the first period were considered. 
The main features of the included studies are summarized 
in Table II.16-23

gait function in individuals with stroke, compared to any 
other treatment or no treatment. The search was conducted 
on five databases (PubMed, Embase, Scopus, CINAHL, 
Web of Science), from inception to May 4th, 2023. Five 
database-specific strings (Supplementary Digital Material 
1: Supplementary Text File 1) were composed, using the 
Boolean operators and the following keywords, with the 
relative engine explosion: hemiplegia, stroke, botulinum 
toxin, gait. No filters were used in the research.

Titles selection

The records obtained by each database were uploaded on 
RAYYAN (https://rayyan.ai/) and the duplicates removed. 
Two researchers (CDS and SD) independently screened 
the obtained records, first by title and abstract and then by 
full-text. Disagreements were solved by consensus, with 
the intervention of a third author (MB).

Data extraction

The following data were independently extracted from in-
cluded articles by two researchers (MS, MB):

•  participants: inclusion/exclusion criteria, age, gender, 
type of stroke, time since stroke, number of subjects en-
rolled in the experimental and control groups;

•  botulinum toxin preparation (Dysport or Botox);
•  muscle treated and BoNT units injected in each site in 

participants assigned to the experimental group;
•  intervention delivered to the control group (placebo, 

other intervention, no intervention);
•  time of follow-up assessments;
•  outcome measures related to walking, regardless of 

whether they were considered primary or secondary out-
comes, and the specific measurement tools used.

Risk of bias assessment

The methodological quality of the RCTs included in the 
review was assessed independently by two blinded re-
searchers (CC and SD) using the PEDro scale.11 The PE-
Dro Scale assesses 10 items related to the study internal 
validity, each scored as either present (score=1) or absent 
(score=0), leading to a maximum score of 10. The scale 
has an additional item related to external validity (eligibil-
ity criteria), which is not computed in the total score. A cut 
point of 6 is usually chosen to rate sufficient quality.12 Re-
liability of the PEDro scale has been investigated in both 
pharmacological and nonpharmacological studies, with 
similar results in the two fields and Intraclass Correlation 
Coefficients (ICCs), ranging 0.89-0.91.13
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Preparation

The Botulinum Toxin preparation was Dysport in two 
studies, where participants in the experimental group re-
ceived a total of 1000 units,17 or three different doses of 
the drug, i.e., 500, 1000 or 1500 units.21 The other studies 
all used Botox preparation, with doses ranging from 200 
UI to 300 UI.

Follow-up assessments

All studies measured the results after BoNT injections at 
more time-points, largely variable between studies, rang-
ing from 2 weeks to 4 months. However, most studies 
planned follow-ups at one, two and three months, so the 
meta-analyses were conducted including data measured at 
this time -points, when possible.

Quality assessment

Table III16-23 shows the results of quality appraisal. Most 
of the studies achieved the minimum acceptable score to 
be considered of sufficient quality based on the PEDro 
scale criteria,12 but some relevant items (intention-to-treat 
analysis, blinding of therapists) were rarely met.

Concomitant interventions

In most studies, concomitant rehabilitation was allowed,16, 

18, 20, 21 one study did not mention concomitant interven-
tions at all,23 and in two studies all participants continued 
with active physiotherapy17 or comprehensive rehabilita-
tion.22

Gait outcome measures

Gait functioning was selected as primary outcome only in 
one study21 and as secondary outcome in three studies,16, 

18, 23 whereas four studies17, 19, 20, 22 did not differentiate be-
tween primary and secondary outcomes. Gait assessment 
was conducted using a variety of different tools: Two Min-
utes Walking Test (2MinWT);21 Ten Meters Walking Test 
(10MWT);16, 17, 19, 20, 23 Six Minutes Walking Test (6Min-
WT);22 subjective qualitative gait assessment by physi-
cians;17, 18, 20 laboratory instrumental gait analysis during 
ground walking19, 22 or treadmill walking16 at comfortable 
speed.

Effects of BoNT injections on gait

Gait speed

This gait parameter was measured in 6 studies, collected 
by means of the 10MWT16, 17, 19, 20, 23 or by gait analysis.22 

Participants

One study22 enrolled participants in the subacute phase 
(within 6 weeks) following stroke, whereas in all the oth-
er studies, participants were in a more chronic phase, at 
least 317, 21, 23 or 616, 19, 20 months after the stroke. Sample 
size ranged from 1616 to 46823 subjects, totaling 434 par-
ticipants in the experimental group and 568 in the control 
group. Two studies18, 21 assigned participants who were to 
receive BoNT injections to 3 and 2 experimental groups, 
respectively, each receiving a different dose of the drug.

Treated muscles

Triceps surae was treated in all the studies, but only 4 
studies20-23 performed BloNT injection in all its compo-
nents (medial and lateral gastrocnemius and soleus). In all 
studies, with the exception of Pittock at al. (2003),21 other 
muscles of the lower limb were also treated: tibialis pos-
terior in all the remaining 6 studies, but, in two of them, 
as an optional target;16, 18 flexor hallucis longus in 3 stud-
ies,16, 19, 23 in two of them as an optional target;16, 23 flexor 
digitorum longus in 3 studies,17-19, 23 as an optional target 
in two studies;17, 23 flexor digitorum brevis in two stud-
ies,19, 23 as an optional target in one study;23 quadriceps 
femoris in two studies,19, 23 limited to rectus femoris and 
as an optional target in one study;23 flexor hallucis brevis 
in one study;19 and the extensor hallucis longus, as an op-
tional target, in one study.23

Figure 1.—Flow chart of the process of studies selection.
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Table II.—��Synthesis of the studies included in the review.16-23

Study Time since 
stroke Num exp/cntr BoNT Muscle (units) Type of control Other treatment Primary 

outcome
Secondary 
outcomes

Follow-up 
(months)

Bollens et al.16 ≥6 months 8/8 Botox Soleus (200)
TP (75)
FHL (25)

Tibial 
neurotomy

Rehab allowed Ankle 
stiffness

MAS. MRC, 
PROM, SIAS, 
10MWT, gait 
analysis

2, 6

Burbaud et al.17 ≥3 months 10/13 Dysport GA (500-1000)
Optional:
Soleus (200-400)
TP (200-350)
FDL (150-300

Placebo PT (all groups) AS (ankle), 10MWT, AROM 
(dorsiflexion), L-FMA, PRS

1, 3

Dunne et al.18* ≥6 months 28-28/29 Botox TP (70-100)
Soleus (80-125)
FDL or GA medialis 

(50-75)

Placebo Rehab allowed AS
Adverse 

events

Self-reported 
spasm 
frequency, 
Pain, AROM, 
gait PRS

1, 2, 3, 4

Hui-Xian et al.19 <6 months 23/23 Botox GA (150), TP (70)
Optional: QF (150) 

FDL (70), FHL 
(50), FDB (20), 
FHB (10)

Routine rehab 
(including 
drugs and 
AFO)

Routine rehab 
(including 
AFO) in all 
groups)

MAS, L-FMA, 10MWT, TUG, 
gait analysis§

0.25, 1, 3

Kaji et al.20 ≥6 months 58/62 Botox GA medialis and 
lateralis, Soleus, 
TP (75 each)

Placebo Rehab allowed MAS, gait PRS, 10MWT, 
NRS of functional disability, 
adverse events§

0.25, 1, 1.5, 
2, 3

Pittock et al.21** ≥3 months 59-60-60/55 Dysport GA and Soleus 
(total units:  
500-1000-1500)

Placebo Rehab allowed 2MinWT Step length, 
cadence, RMA 
(leg-trunk), 
AROM, 
PROM, NRS 
pain 0-4, 
adverse events

1, 2, 3

Tao et al.22 <6 weeks 11/12 Botox GA (100)
Soleus and TP (50 

each)

Placebo Routine rehab L-FMA. MAS, mBI
Limited to last follow-up: gait 

speed, step length, cadence, 
6MinWT§

1, 2

Wein et al.23 ≥3 months 233/235 Botox GA (150)
Soleus and TP (75)
Optionalǂ: RF (100), 

FHL and FDL (50 
each), FDB and 
EHL (25 each)

Placebo Not reported MAS CGI, MTS, pain, 
GAS (week 
8 and 12), 
10MWT (week 
6 and 12)

0.5, 1, 1.5, 
2, 3

TP: tibialis posterior; FHL: flexor hallucis longus; FDL: Flexor digitorum longus; GA: Gastrocnemius medialis; QF: quadriceps femoris; FDB: flexor digitorum 
brevis; AFO: ankle foot orthosis; FHB: flexor hallucis brevis; PT: physiotherapy; Rehab: Rehabilitation; AS: Ashworth Scale: MAS: modified Ashworth scale; MRC: 
Medical Research Council 0-5 (muscle strength); PROM: passive range of motion; SIAS: Stroke Impairment Assessment Set; 10MWT: Ten Meters Walking Test; 
AROM: active range of motion; PRS: Physician Rating Scale of gait quality; L-FMA: lower limb Fugl-Meyer Assessment Scale motor score; TUG: Timed Up and 
Go test; NRS: Numeric Rating Scale; 2MinWT: Two Minutes Walking Test; mBI: modified Barthel Index; 6MinWT: Six Minutes Walking Test; CGI: Clinical Global 
Impression of change; GAS: Goal Attainment Scale.
*Two experimental groups; **three experimental groups; §primary outcome not specified; ǂmaximum permitted dose in the optional muscles, to a total additional dose 
not exceeding 100 U.

Table III.—��Quality appraisal of the studies included in the review.16-23

Item1* Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 PEDro score
Study 1 1 0 1 0 0 1 1 1 1 1 7
Bollens et al.16 1 1 0 1 1 0 0 0 0 1 1 5
Burbaud et al.17 1 1 1 1 1 0 1 1 1 1 1 9
Dunne et al.18* 1 1 1 0 0 0 1 1 0 1 1 6
Hui-Xian et al.19 1 1 1 1 1 1 1 1 0 1 1 9
Kaji et al.20 1 1 0 1 1 0 1 1 1 1 1 8
Pittock et al.21** 1 1 0 0 1 0 0 1 0 1 1 5
Tao et al.22 1 1 1 1 1 1 0 1 0 1 1 8
Item1: eligibility criteria; item2: Randomization; item3: concealed allocation; item4: groups similar at baseline; item5: Blind participants; item6: blind therapists; 
item7: blind assessors; item8: key outcome obtained from over 85% of participants; item9: intention-to-treat analysis; item10: between-groups comparison; item11: 
point measures and variability measures reported.
*This item does not count for total PEDro score.
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subacute stroke (on average, 24 days from onset), and by 
Bollens et al.,16 who compared the effect of BoNT injec-
tions with tibial neurotomy. Pooled data from four stud-
ies that enrolled participants in a more chronic phase and 
compared BoNT treatment with no treatment20 or place-
bo17, 20, 21 showed no differences between groups at both 
one month (SMD: 0.15; 95% CI: -0.23 - 0.53) and three 
months post-treatment (SMD: 0.18; 95% CI: -0.29 - 0.65), 
with significant inconsistency (one month: I2=56.02%; 
Q=6.821, P=0.078; three months: I2=70,79%; Q=8.891; 
P=0.031) (Figure 2).17, 19-21 Pooled estimates were then 
conducted including only the three studies that compared 
BoNT treatment with placebo17, 20, 21 showing no effect of 
BoNT treatment with no heterogeneity and inconsistency 
(one month; SMD: -0.05; 95% CI: -0.30 - 0.20; I2=0%; 

In two studies17, 19 values were only presented in graphical 
form, so we extracted them from the graph. One article23 
did not report any values, and only stated that no significant 
differences were found between control and treated group 
for this outcome. In one article,20 results of the 10MWT 
were reported as the time the participant took to walk 10 
meters and we converted them to m/sec. This same study 
reported data measured at different follow-ups as mean 
changes from baseline assessment, so we computed gait 
speed values by subtracting change values from baseline 
values and used the SD at baseline as denominator for the 
SMD. We obtained gait speed values from the distance 
covered during the 2MinWT in the study by Pittock et al.21

We excluded from the meta-analysis the findings re-
ported by Tao et al.,22 who enrolled participants with 

Figure 2.—Forest Plot of results 
for the outcome gait speed found 
in studies that compared BoNT 
intervention to placebo or no treat-
ment.17, 19-21

Gait speed at 1 month (control: placebo or no treatment)

Burbaud et al., 1996 (placebo)	 14.39%	 0.40 [-0.44, 1.23]

Pittock et al., 2003 (placebo)	 32.11%	 0.00 [-0.37, 0.38]

Kaji et al., 2010 (placebo)	 32.56%	 -0.19 [-0.56, 0.18]

Hui-xian et al., 2023 (no treatment)	 20.93%	 0.72 [0.10, 1.33]

RE Model	 100.00%	 0.15 [-0.23, 0.53]

Gait speed at 3 months (control: placebo or no treatment)

Burbaud et al., 1996 (placebo)	 17.33%	 0.06 [-0.76, 0.89]

Pittock et al., 2003 (placebo)	 30.09%	 0.00 [-0.37, 0.38]

Kaji et al., 2010 (placebo)	 30.31%	 -0.15 [-0.51, 0.22]

Hui-xian et al., 2023 (no treatment)	 22.27%	 0.95 [ 0.32, 1.58]

RE Model	 100.00%	 0.18 [-0.29, 0.65]

-1	 -0.5	 0	 0.5	 1	 1.5

-1	 0	 0.5	 1	 1.5	 2
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Other gait measures

The following measures were reported by single studies. A 
Physician Rating Scale was used by Burbaud et al.17 and 
Dunne et al.18 as the only measure of gait function. The 
physician viewed video recordings of the patient’s gait and 
rated its quality on a score from 0 to 417 or on a Lickert 
Scale (–1=worse than baseline, 0=same as baseline, +1 
better than baseline).18 The first study reported data only 
for the BoNT treatment, without comparison with the con-
trol intervention. Dunne et al.18 reported that at the three 
months follow-up the gait of 17/54 and 6/26 participants 
in the experimental and placebo groups (cumulative data 
of subjects treated with different doses of BoNT), respec-
tively, was rated as improved compared to the baseline as-
sessment; however, we performed an independent analysis 
of their data using the chi square test and found that the 
difference in proportions between the two groups was not 
significant (P=0.295).

A different Physician Rating Scale focused on foot ki-
nematics and use of assistive devices (total score ranging 
from -1 to 9) was used as an additional gait measure in the 
study of Kaji et al..20 No difference between BoNT and 
placebo groups were found at any follow-up (one month: 
SMD: -0.07; 95%CI: -0.43-0.30; two months: SMD: -0.11; 
95%CI: -0.48-0.26; three months: SMD: -0.02; 95%CI: 
-0.39-0.35).

Hui-xian et al.19 measured two additional gait-related 
variables, i.e. the TUG and the peak plantar forefoot pres-
sure on the more affected side during the stance phase of 
gait. For both variables, significant differences between 
BoNT and usual care groups were found. The time to 
completion of the TUG was progressively shorter in group 
1 than in group 2 at subsequent follow-ups (one week: 
SMD: -0.78; 95%CI: -1.38- -0.18; four weeks: SMD: 
-1.60; 95%CI: -2.27- -0.94; eight weeks: SMD: -1.97; 
95%CI: -2.68- -1.27). As for the peak forefoot pressure, it 
was significantly higher in BoNT group at all assessments 
after the intervention (one week: SMD: 0.77; 95%CI: 
0.18-0.37; four weeks: SMD: 1.03; 95%CI: 0.62- 1.45; 
eight weeks: SMD: 0.78; 95%CI: 0.18-0.38).

In the study that compared BoNT with tibial neuroto-
my,16 instrumental gait analysis was a secondary gait-re-
lated outcome in addition to gait speed measured by the 
10mWT. Neither kinematic (maximal ankle dorsiflexion 
at different phases of the gait cycle) nor kinetic (maxi-
mal plantar flexion moment of the ankle in stance phase, 
external work and net energy cost of walking) parameter 
showed significantly different changes between the two 
groups either two or six months after the intervention.

Q=1.734, P=0.420; three months; SMD: -0.06; 95% CI: 
-0.31 - 0.19; I2=0%; Q=0.400, P=0.819).

Conversely, the study that enrolled subacute stroke 
participants22 found that, 2 months after the intervention, 
participants who received BoNT injections showed signif-
icantly higher gait speed than those who received placebo 
(SMD: 1.52; 95% CI: 0.59-2.45).

When BoNT injections were compared to tibial neurot-
omy16 no superiority of either treatment was found (SMD: 
0.13; 95% CI: -0.85-1.11).

Step frequency

This parameter was measured only by two studies,21, 22 
conducted on different stroke populations. Therefore, data 
on step frequency were pooled only including results of 
three different BoNT doses reported by Pittock et al.21 
in participants with chronic stroke. In this population, 
BoNT was not more effective than placebo, irrespective 
of the dose injected and the time of follow-up (Figure 
3)21 (1 month: SMD: -0.08; 95%CI: -0.30-0.14; I2=0%; 
Q=0.087, P=0.958; 2 months: SMD: -0.07; 95%CI: -0.29-
0.15; I2=0%; Q=0.002, P=0.999; 3 months: SMD: -0.03; 
95%CI: -0.25-0.18; I2=0%; Q=0.281, P=0.869). In indi-
viduals with subacute stroke, Tao et al.22 found a non-sig-
nificant effect favoring BoNT versus placebo at 2 months 
post-intervention (SMD: 0.75; 95%CI: -0.10-1.59).

Other spatial-temporal gait parameters

Step or stride length were measured only in two studies, 
both enrolling participants with chronic stroke,19, 21 but 
the authors reported this parameter differently. One study 
considered stride length,19 while the other considered the 
difference in step length between the less affected and the 
more affected leg, named step length discrepancy.21 There-
fore, also for this outcome, we pooled only data on different 
BoNT doses,21 finding that the discrepancy in step length 
was not significantly changed after treatment with BoNT 
compared to placebo at any follow-ups, independently from 
the dose injected (Figure 4)21 (1 month: SMD: -0.07; 95%CI: 
-0.15-0.28; I2=0%; Q=1.415, P=0.493; 2 months: SMD: 
-0.03; 95%CI: -0.25-0.19; I2=0%; Q=0.462, P=0.794; 3 
months: SMD: -0.03; 95%CI: -0.25-0.19; I2=0%; Q=1.639, 
P=0.441). In contrast, Yu et al.19 found a greater increase in 
stride length in the BoNT group than in the usual care group, 
which was progressively more pronounced at subsequent 
post-treatment assessments (one week: SMD: 0.66; 95%CI: 
0.4-1.27; four weeks: SMD: 0.66; 95%CI: 0.4-1.27; eight 
weeks: SMD: 0.66; 95%CI: 0.4-1.27).
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Figure 3.—Forest plot of results 
for the outcome step frequency 
found in groups treated with dif-
ferent doses of Dysport (num-
bers in parentheses) compared 
to the control group.21

Step frequency — Follow-up: 1 month

Pittock et al., 2003 (500)	 33.63%	 -0.10 [-0.48, 0.27]

Pittock et al., 2003 (1,000)	 32.70%	 -0.10 [-0.48, 0.28]

Pittock et al., 2003 (1,500)	 33.67%	 -0.03 [-0.41, 0.34]

RE Model	 100.00%	 -0.08 [-0.30, 0.14]

Step frequency — Follow-up: 2 months

Pittock et al., 2003 (500)	 33.54%	 -0.07 [-0.44, 0.31]

Pittock et al., 2003 (1,000)	 32.62%	 -0.07 [-0.45, 0.32]

Pittock et al., 2003 (1,500)	 33.83%	 -0.08 [-0.45, 0.30]

RE Model	 100.00%	 -0.07 [-0.29, 0.15]

Step frequency — Follow-up: 3 months

Pittock et al., 2003 (500)	 33.20%	 -0.12 [-0.49, 0.26]

Pittock et al., 2003 (1,000)	 32.95%	 0.02 [-0.36, 0.39]

Pittock et al., 2003 (1,500)	 33.85%	 0.00 [-0.37, 0.37]

RE Model	 100.00%	 -0.03 [-0.25, 0.18]

-0.6	 -0.2	 0	 0.2	 0.4

-0.6	 -0.2	 0	 0.2	 0.4

-0.6	 -0.2	 0	 0.2
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Figure 4.—Forest plot of results 
for the outcome step length dis-
crepancy (difference in step 
length between the paretic and 
the non-paretic limb) found in 
groups treated with different 
doses of Dysport (numbers in 
parentheses) compared to the 
control group.21

Step length discrepancy — Follow-up: 1 month

Pittock et al., 2003 (500)	 33.24%	 0.15 [-0.23, 0.52]

Pittock et al., 2003 (1,000)	 32.97%	 -0.12 [-0.49, 0.26]

Pittock et al., 2003 (1,500)	 33.80%	 0.17 [-0.20, 0.55]

RE Model	 100.00%	 0.07 [-0.15, 0.28]

Step length discrepancy — Follow-up: 2 months

Pittock et al., 2003 (500)	 33.37%	 -0.02 [-0.40, 0.35]

Pittock et al., 2003 (1,000)	 32.69%	 -0.13 [-0.51, 0.25]

Pittock et al., 2003 (1,500)	 33.94%	 0.06 [-0.32, 0.43]

RE Model	 100.00%	 -0.03 [-0.25, 0.19]

Step length discrepancy — Follow-up: 3 months

Pittock et al., 2003 (500)	 33.18%	 0.10 [-0.28, 0.47]

Pittock et al., 2003 (1,000)	 33.01%	 -0.23 [-0.61,0.15]

Pittock et al., 2003 (1,500)	 33.81%	 0.04 [-0.34, 0.411

RE Model	 100.00%	 -0.03 [-0.25, 0.19]

-0.8	 -0.4	 0	 0.4

-0.6	 -0 .2	 0.2	 0 .6

-0.6	 -0.2	 0	 0.2	 0.6
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al.,7 who included an additional RCT (Burbaud et al.).17 
The inclusion of one more recent article, by Yu et al.19 in 
the present meta-analysis did not change the results to any 
great extent, since this study enrolled a limited number of 
participants (43 altogether). Indeed, Yu et al. is the only 
study reporting a significant effect of the botulinum toxin 
on gait speed in chronic stroke, but, contrary to the other 
trials, it was not placebo-controlled, and presented a se-
rious risk of bias due to the uncertainty about assessors’ 
blinding. Finally, also the results of the large, multicentre 
study by Wien et al.,23 although not included in the meta-
analysis, as the values of gait assessment were not reported, 
strongly support the absence of BoNT effects on gait speed 
in people with chronic stroke. Sun et al.25 also found no 
effect on gait speed in favour of BoNT compared to con-
trol, even if the authors pooled data from studies enrolling 
people with chronic and subacute stroke and even from a 
study where BoNT treatment was compared to BoNT treat-
ment + a co-intervention (spasmodic muscle therapeutic 
instrument treatment);26 the choice of pooling results from 
subjects with chronic and subacute stroke is also question-
able, because faster improvements are expected early after 
stroke, as an effect of both spontaneous recovery and reha-
bilitation.27 Indeed, we found that only one study enrolling 
subacute stroke participants22 reported a very large effect 
on gait speed of BoNT treatment compared to placebo.

The most recent systematic review including only RCTs, 
by Gupta et al.,4 included 5 placebo-controlled trials, but did 
not conduct any meta-analysis due to the variability between 
the trials with regard to the eligibility criteria of participants 
and the method used to assess gait function. The authors 
stated that their review was inconclusive in evidencing the 
efficacy of BoNT on gait function and QoL, stressing the 
need for large, well-designed RCTs on this topic.

All the RCTs considered in the quoted previous systemat-
ic reviews were also included in the present work, except for 
the trial where all groups received the BoNT treatment26 and 
the trial where the experimental group received both BoNT 
injection and functional electrical stimulation by means of a 
foot-drop stimulator during walking, that were included in 
the review by Sun et al.25 and by Gupta et al.,4 respectively.

Reaffirming previous conclusions with additional data 
helps provides clarity, ultimately helping doctors to make 
choices based on the latest evidence. This clarity is highly 
needed, since other previous meta-analyses – some cited 
in a recent guideline on this topic (28) – that did not re-
strict the selection of studies to RCTs, reported somewhat 
different results. Foley et al.13 found a small, significant 
effect of BoNT injections on gait velocity, but in this re-

Discussion
This systematic review aimed to update the current evi-
dence about the effects of BoNT injections in lower limb 
muscles on gait function in stroke survivors. Despite the 
previous recommendations4, 7 to include functional out-
comes in clinical trials, and despite the growing number 
of trials examining the effects of BoNT on spasticity, very 
few trials have assessed its impact on gait, and only two 
of them19, 23 were published after these recommendations. 
Gait assessment was conducted using a wide variety of 
instruments and variables, so it was impossible to obtain 
robust meta-analytical estimates based on sufficiently 
large samples of participants, except for gait speed. Un-
like Gupta et al.,4 our results allowed a meta-analysis from 
data on 246 subjects (118 and 128 receiving BoNT treat-
ment or placebo, respectively), finding no effects of BoNT 
on gait speed. These results are further strengthened by 
the most powered study (468 participants) by Wien et al.23 
This large RCT could not be included in the meta-analysis 
since the authors did not report values of gait assessment, 
its results reported no significant difference in gait speed 
between BoNT and placebo at any follow-up.

It is noteworthy that all the trials on individuals with 
chronic post-stroke spasticity that were included in our 
review mentioned walking ability among their inclusion 
criteria; therefore, the lack of BoNT effects cannot be at-
tributed to the recruitment of individuals too severely im-
paired, unlikely to achieve walking independent from the 
considered intervention.5 Conversely, two underpowered 
RCTs with moderate to serious risk of bias, reported a 
large effect on gait speed of BoNT treatment, one in indi-
viduals with chronic stroke, compared to usual care19 and 
the other in individuals with subacute stroke, compared to 
placebo.22 Data from a large multicentre trial with low risk 
of bias21 indicate that step frequency is also not affected by 
BoNT treatment. Other gait-related variables were mea-
sured in single, small trials, so we are uncertain whether 
they are affected by BoNT injections. However, no stud-
ies found a significant improvement of quality of gait, as-
sessed through observational gait analysis by clinicians, in 
individuals with chronic stroke.

Our results confirm, in a larger number of participants 
and with an updated literature search, the findings of the 
systematic reviews of Baker et al.,24 Tao et al.,7 Sun et 
al.,25 and Gupta et al.,4 all selecting only RCTs. The first, 
including only two RCTs assessing gait speed after BoNT 
injections into lower limb muscles20, 21 found a perfect 
equality of effects between BoNT and placebo with no het-
erogeneity. The same findings were confirmed by Tao et 
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a non-randomized trial.33 However, the studies included in 
this review provide limited or no information about con-
comitant physiotherapy treatment. Only in two studies all 
participants of both groups underwent concomitant reha-
bilitation,16, 22 but only the study enrolling subacute pa-
tients22 detailed its type, frequency and intensity. In most 
studies, concomitant rehabilitation was allowed, but in two 
of them18, 21 less than half of the participants were actu-
ally receiving physiotherapy concurrently during the trial. 
Unfortunately, the most powered study23 did not mention 
concomitant rehabilitation or physiotherapy at all.

The failure of BoNT treatment in increasing gait speed 
in chronic stroke survivors does not exclude that BoNT 
might have other beneficial effects in this population. In-
deed, spasticity may induce equinovarus deformity, may 
cause spasm and pain, and affect balance, transfer, and mo-
bility, leading to an increased risk of complications such 
as falls and pressure ulcers.34 However, no study has spe-
cifically addressed the potential benefits of treating post-
stroke lower limb spasticity to these regards. Also, other 
gait parameters. like joint kinematics and pattern of foot 
contact might be affected by BoNT treatment, but, at pres-
ent, the evidence of such effects on gait is lacking. Actu-
ally, one of the included studies, by Dunne et al.18 stated 
that “the treatment with BoNT also improved gait quality,” 
assessed as improved/unchanged/worsened by a blinded 
physician observing video recordings of patients’ walking 
before and after injections. However, performing an inde-
pendent analysis of the data presented in this article, we 
found that the percentage of individuals rated as improved 
was not significantly different between the two groups; 
thus, the purported improvement of gait quality reported 
by these authors was not supported by their own data.

Of the two studies actually showing a large effect of BoNT 
on gait speed, that by Tao et al. was carried out in a very 
small number of participants with a recent stroke;22 their re-
sults suggest that early treatment with BoNT might be use-
fully combined with rehabilitation in patients who develop 
spasticity. However, the authors did not compare groups at 
baseline assessment, and only reported measures of spas-
ticity and gait collected at 2-months follow-up. Moreover, 
although the study is labelled as double-blind RCT, asses-
sors blinding is not explicitly stated. Given the high risk of 
bias, we cannot be certain that the large differences between 
groups observed at follow-up are due to BoNT treatment. 
Adequately powered, high-quality RCTs are recommended 
to verify whether BoNT injections into lower limb muscles 
actually improve functional outcomes when administered 
in the subacute phase in addition to intensive rehabilitation.

view both randomized (N.=5) and pretest-posttest (N.=3) 
trials were included. Moreover, three of the included RCTs 
compared BoNT treatment vs. BoNT treatment + a co-in-
tervention, or EMG-guided BoNT injection vs. non-EMG-
guided injection, so these studies were treated as a single-
group intervention and only data from the group that re-
ceived BoNT treatment alone, or non-EMG-guided BoNT 
treatment were analyzed. Similar results are reported in a 
more recent review,28 quoted in the AAPRM guideline by 
Verduzco-Gutierrez et al.,36 that also included all study de-
signs and found a small but significant effect of BoNT on 
10MWT by pooling data from one RCT, one non-random-
ized trial and four non-controlled studies. Thus, in both 
reviews the meta-analytic estimate was computed mainly 
from data of non-controlled studies, and implying a risk of 
overestimation of the treatment effect.

These shortcomings are also present in the review by 
Lizama et al.,29 also quoted by Verduzco-Gutierrez et al.,36 
who did not conduct any meta-analysis, but, from data of 
12 mostly non-randomized or event non-controlled trials, 
and including also studies where BoNT treatment was pro-
vided to both experimental and control groups – reported 
that spatiotemporal, kinematic, kinetic and electromyo-
graphic parameters, collected by means of instrumental 
gait analysis, can be improved by BoNT treatment, even if 
gait speed remains unchanged. While this conclusion was 
mostly derived from non-controlled trials, in our search, 
we found only one RCT that compared BoNT treatment to 
usual care and assessed gait function through instrumental 
gait analysis,19 not included by Lizama et al., since it was 
published later. Therefore, we cannot be certain of a real 
effect of BoNT on these parameters.

It is noteworthy that all the RCTs included in our review 
reported a significant reduction of spasticity in the BoNT 
group compared to controls, except for Dunne et al.18 The 
combined results of reduced spasticity and unchanged 
walking function indicate that the reduction in muscle tone 
does not in itself translate into a functional improvement 
in walking, at least when estimated on the basis of gait 
speed. This is further supported by the finding of Pittock et 
al.21 that increasing doses of BoNT produced an increasing 
reduction in spasticity, but had no effect on walking.

It is possible that, for tone reduction to translate into 
functional improvements, physiotherapy must be added 
to BoNT. There is limited evidence of the superiority of 
BoNT plus physiotherapy intervention over BoNT inter-
vention alone in improving gait function, mostly, but not 
exclusively from non-randomized trials,30-32 and also of 
BoNT plus physiotherapy over physiotherapy alone from 
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recommend botulinum toxin A for spasticity of the lower 
limb. The NICE guidelines37 also point out the lack of 
cost-effectiveness evidence for BoNT treatment, a key is-
sue, given the high costs of this treatment.

Conclusions
Compared to the most recent previous systematic review 
of RCTs by Gupta et al.,4 our study identified three addi-
tional RCTs investigating the effects of toxin on gait param-
eters, including a well-powered study that enrolled nearly 
500 participants. Results of our meta-analysis showed that 
BoNT injections have no effect on gait speed in persons 
with chronic post-stroke lower limb spasticity. Insufficient 
evidence was found of benefits of BoNT treatment on func-
tional parameters other than gait speed. Further large RCTs 
are needed to investigate whether, beyond the reduction of 
spasticity, BoNT treatment may positively impact function-
al outcomes other than gait speed, e.g. joint kinematics and 
kinetics, energetic cost of walking, and risk of falls, and to 
clarify the effects of BoNT in individuals with recent stroke.
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