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Background. Inconsistent data have been reported for the effectiveness of intramuscular botulinum toxin type A (BTXA) in patients
with limb spasticity after stroke. This meta-analysis of available randomized controlled trials (RCTs) aimed to determine the efficacy
and safety of BTXA in adult patients with upper and lower limb spasticity after stroke. Methods. An electronic search was performed
to select eligible RCTs in PubMed, Embase, and the Cochrane library through December 2018. Summary standard mean differences
(SMDs) and relative risk (RR) values with corresponding 95% confidence intervals (CIs) were employed to assess effectiveness and
safety outcomes, respectively. Results. Twenty-seven RCTs involving a total of 2,793 patients met the inclusion criteria, including
16 and 9 trials assessing upper and lower limb spasticity cases, respectively. For upper limb spasticity, BTXA therapy significantly
improved the levels of muscle tone (SMD=-0.76; 95% CI -0.97 to -0.55; P<0.001), physician global assessment (SMD=0.51; 95% CI
0.35-0.67; P<0.001), and disability assessment scale (SMD=-0.30; 95% CI -0.40 to -0.20; P<0.001), with no significant effects on
active upper limb function (SMD=0.49; 95% CI -0.08 to 1.07; P=0.093) and adverse events (RR=1.18; 95% CI 0.72-1.93; P=0.509).
For lower limb spasticity, BIXA therapy was associated with higher Fugl-Meyer score (SMD=5.09; 95%CI 2.16-8.01; P=0.001), but
had no significant effects on muscle tone (SMD=-0.12; 95% CI -0.83 to 0.59; P=0.736), gait speed (SMD=0.06; 95% CI -0.02 to 0.15;
P=0.116), and adverse events (RR=1.01; 95% CI 0.71-1.45; P=0.949). Conclusions. BIXA improves muscle tone, physician global
assessment, and disability assessment scale in upper limb spasticity and increases the Fugl-Meyer score in lower limb spasticity.

1. Introduction

Stroke is characterized by sudden development of signs of
focal and global cerebral function disturbance lasting more
than 24 hours or leading to death. Currently, stroke has
high morbidity, mortality, and disability and constitutes one
of the top three causes of death in China [, 2]. Further,
stroke causes various degrees of disability in approximately
90% of patients, and nearly 1/4 individuals that experience a
stroke develop recurrent stroke within a few weeks or months
[3, 4]. Spasticity is an important cause of dysfunction and is
observed in 19% of patients within 3 months and 38% within
12 months [5, 6]. Spasticity could affect rehabilitation and

cause muscle and joint atrophy, which results in shortening
of muscle fibers and ligaments, and hinder improvement in
daily living activities [7]. However, few effective treatments
are available for stroke and sequelae.

Botulinum toxin type A (BTXA) is a potent neurotoxin
from the bacterium Clostridium botulinum, which blocks
acetylcholine release at neuromuscular junctions. Numerous
studies reported local injection of BTXA improves muscle
tone, motion, and pain [8-13]. However, the therapeutic
effects are often transient and vary by BTXA dose, for
which no guidelines offer a unified standard [14]. However,
injections of BTXA are widely used in patients with obvious
spasticity and after 3 months in stroke patients, which
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might affect their rehabilitation process [15, 16]. Further, the
treatment effectiveness of BTXA in upper or lower limb
spasticity according to different follow-up durations and
other patient characteristics remains limited and inconclu-
sive.

Recently, numerous randomized controlled trials (RCTs)
have investigated the eflicacy and safety of BTXA for upper
or lower limb spasticity after stroke and reported incon-
sistent findings. Clarifying the optimal treatment effects
is particularly important in patients with limb spasticity.
Therefore, we performed a large-scale analysis of available
RCTs to determine the efficacy and safety of BTXA in
patients with upper or lower limb spasticity. Furthermore,
whether treatment effectiveness differs according to study or
patient characteristics was assessed using metaregression and
subgroup analyses.

2. Material and Methods

2.1. Data Sources, Search Strategy, and Selection Criteria.
This review was performed and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Statement issued in 2009 [17]. RCTs that investigated
the efficacy and safety of BIXA for upper or lower limb spas-
ticity after stroke were included in this study. The core search
terms “botulinum toxin, type A” and “spasticity” were used to
query the PubMed, Embase, and Cochrane library databases
through December 2018. The detailed search strategies in
PubMed are shown in Supplementary 1. A manual search of
reference lists of relevant reviews and studies was also carried
out to identify additional potential studies for inclusion.

The study selection process was independently under-
taken by 2 investigators (Li-Chun Sun and Ying Chen), and
any disagreement was resolved by group discussion until a
consensus was reached. A study was included if the following
inclusion criteria were met: (1) patients with upper or lower
spasticity after stroke included; (2) BTXA as intervention;
(3) control group administered a placebo; (4) outcomes as
muscle tone, active upper limb function, physician global
assessments, disability assessment scale, and adverse events
for upper spasticity, and muscle tone, Fugl-Meyer score, gait
speed, and adverse events for lower limb spasticity; (5) study
design as RCT.

2.2. Data Collection and Quality Assessment. Data collection
and quality assessment were performed by 2 authors (Rong
Chen and Chuan Fu), and inconsistencies were examined
and adjudicated by group discussion referring to the original
studies. The information collected included first author’s
surname, publication year, country, sample size, mean patient
age, percentage of males, time since event, spasticity sites,
dose of BTXA, injection technique, duration of follow-up,
and reported outcomes. Study quality was evaluated by
the JADAD scale, based on randomization, concealment of
treatment allocation, blinding, completeness of follow-up,
and the use of intention-to-treat analysis [18]. The scoring
system ranged from 0 (low quality) to 5 (high quality) in study
quality assessment.
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2.3. Statistical Analysis. Efficacy results of individual trials
were assigned as continuous data, and safety results as
dichotomous frequency data. Individual standard mean dif-
ferences (SMDs) and relative risk (RR) values with 95% con-
fidence intervals (CIs) were calculated from means, standard
deviations, sample sizes, or event numbers. Summary effect
estimates were calculated using the random-effects model
since the actual underlying effect varies across included trials
[19,20]. Heterogeneity among the included trials was assessed
by the I-square and Q tests; P values of the Q test < 0.10 were
checked for statistical significance [21, 22]. Sensitivity analysis
of the investigated outcomes was performed to evaluate the
impact of each single trial on the overall findings [23].
The source of heterogeneity in estimates of efficacy results
was identified by univariate metaregression [24]. Subgroup
analyses of efficacy results were performed according to
publication year, mean age, percentage male, time since event,
follow-up duration, and study quality. Publication bias for
the investigated outcomes was assessed by the Egger [25] and
Begg tests [26]. P values in pooled analysis are two-sided, and
a value below 0.05 was considered statistically significant. All
statistical analyses were performed with the Stata software
(version 10.0; Stata Corporation, College Station, TX, USA).

3. Results

3.1 Literature Search. The electronic search of electronic
databases produced 498 articles, and 447 studies were
excluded for irrelevance. The remaining 51 were selected for
further evaluation, and 27 RCTs involving 2,793 spasticity
patients were selected in the final analysis [27-53]. The
manual search of reference lists from relevant reviews and
these 27 studies yielded no additional eligible studies. The
literature search and study selection are presented in Figure 1,
and the baseline characteristics of included studies are shown
in Table 1.

3.2. Study Characteristics. Of the 27 included trials, 18 were
conducted in patients with upper limb spasticity [27-44],
and the remaining 9 studies in individuals with lower limb
spasticity [45-53]. Studies were published from 1996 to 2018,
with 20-468 patients included in each trial. Twenty of the
included trials were conducted in Western countries, 6 in
Eastern countries, and the remaining 1 in multiple countries
[53]. The mean patient age ranged from 49.3 to 63.5 years,
with a percentage of males ranging from 40.0 to 80.0. Study
quality was evaluated using the JADAD scale; 10 trials had a
score of 5, 8 had 4 points, 8 had 3 points, and the remaining 1
had 2 points.

3.3. Upper Limb Spasticity. Data for the effect of BTXA
on muscle tone were available in 12 trials. The summary
SMD indicated that BTXA therapy was associated with lower
muscle tone compared with the placebo group (SMD=-
0.76; 95% CI -0.97 to -0.55; P<0.001; Figure 2). There was
significant heterogeneity among these trials (I-square, 52.1%;
P=0.018). Sensitivity analysis indicated the results were not
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Potential articles from PubMed,

EmBase and the Cochrane (n=498)

Irrelevant topics were excluded after first
screening (n=447)

Articles reviewed in details (n=51)

Articles excluded (n=24)

Study reported same patients (n=6)
No sufficient data (n=9)

No appropriate control (n=5)

Not RCT (n=4)

27 RCTs included in meta-analysis

FIGURE I: The literature search and study selection process.

SMD
Study (95% CI) % Weight
Simpson 1996 ; = 0.07 (~0.83, 0.97) 42
Hesse 1998 = ~0.50 (~1.65, 0.65) 2.8
Brashear 2002 —I— ~0.66 (~1.02,-0.30) 12.0
Childers 2004 —I—v— -1.01 (-1.62,-0.39) 7.1
Simpson 2009 = -1.05 (-1.72,-0.38) 6.4
Meythaler 2009 = -0.27 (~1.14,0.59) 45
Mccrory 2009 — ~1.11 (~1.55,-0.66) 10.1
Kaji 2010 —I— ~0.68 (~1.18,0.18) 9.0
Rosales 2012 —l— ~1.31 (~1.65,-0.97) 12.4
Gracies 2015 ——— -0.74 (-1.07,-0.41) 12.7
Elovic 2016 + ~0.52 (—0.78,0.26) 14.4
Prazeres 2018 ; L -0.36 (-1.22,0.51) 4.5
Overall o ~0.76 (~0.97,-0.55); P<0.001 100.0

(I-square: 52.1%; P=0.018)
- 0 2
Effect size

FIGURE 2: Effect of BTXA on muscle tone in upper limb spasticity.

altered by sequentially excluding individual trials. Univari-
able metaregression analyses indicated percentage of males
(P=0.011) and time since event (P=0.006) altered BTXA’s
effects on muscle tone. Subgroup analysis indicated signifi-
cant differences between BTXA and placebo for muscle tone
in most subsets, while no significant differences between

BTXA and placebo groups were observed for muscle tone for
a duration of follow-up > 12 weeks and in low quality studies
(Table 2).

The effect of BIXA on active upper limb function
was assessed by 3 trials. There was no significant differ-
ence between BTXA and placebo groups for active upper
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SMD
Study (95% CI) % Weight
Simpson 1996 . 0.11 (-0.79, 1.01) 22.4
Brashear 2002 . 0.94 (0.57,1.31) 41.2
Kaji 2010 .—v— 0.22 (-0.27,0.71) 36.5
<<>
Overall 0.49 (-0.08, 1.07); P=0.093 100.0
(I-square: 70.0%; P=0.036)
[ I

-2 0
Effect size

FIGURE 3: Effect of BTXA on active upper limb function in upper limb spasticity.

limb function (SMD=0.49; 95% CI -0.08 to 1.07; P=0.093;
Figure 3). Significant heterogeneity was recorded across
the included trials (I-square, 70.0%; P=0.036). Sensitivity
analysis indicated that the lack of significant difference
was not changed after excluding any particular trial. Uni-
variable metaregression analysis indicated publication year
(P=0.049), percentage male (P=0.049), and follow-up dura-
tion (P=0.015) could bias the effect of BTXA on active upper
limb function. Subgroup analysis indicated BTXA therapy
was associated with high active upper limb function with a
follow-up of 4 or 6 weeks (Table 2).

Data reporting the effect of BTXA on physician global
assessment were available in 6 trials. BTXA therapy signifi-
cantly increased physician global assessment compared with
the placebo group (SMD-0.51; 95% CI 0.35 to 0.67; P<0.001;
Figure 4). There was no evidence of heterogeneity among
the included trials (I-square, 0.0%; P=0.457). Metaregression
analysis indicated follow-up duration could affect the treat-
ment effect of BTXA (P=0.002). Subgroup analysis indicated
no significant difference between BTXA and placebo for
physician global assessment when pooling low quality studies
(Table 2).

The effect of BTXA on disability assessment scale was
evaluated in 5 trials. BTXA therapy significantly reduced
this scale compared with placebo administration (SMD=-
0.30; 95% CI -0.40 to -0.20; P<0.001; Figure 5). No evidence
of heterogeneity across the included trials was detected (I-
square, 0.0%; P=0.756). Univariable metaregression anal-
ysis indicated no factors affecting the treatment effect of
BTXA. Subgroup analysis indicated significant effects of
BTXA in most subsets, with no significant difference in
disability assessment scale for time since event < 24.0 months
(Table 2).

Data reporting the effect of BTXA on adverse events were
available in 12 trials. BTXA therapy had no significant effect
on the risk of adverse events compared with the placebo
group (RR=L18; 95% CI 0.72 to 1.93; P=0.509; Figure 6).
There was no evidence of heterogeneity among the included
trials (I-square, 0.0%; P=0.687), and the summary result was
robust.

3.4. Lower Limb Spasticity. Data describing the effect of
BTXA on muscle tone were available in 5 trials. BTXA had no
significant effect on muscle tone compared with the placebo
group (SMD=-0.12; 95% CI -0.83 to 0.59; P=0.736; Figure 7).
Substantial heterogeneity across the included trials was
observed (I-square, 89.8%; P<0.001). In sensitivity analysis,
the conclusion was not altered after trials were sequentially
excluded from the pooled results. Mean age (P<0.001), per-
centage of males (P=0.037), follow-up duration (P=0.049),
and study quality (P<0.001) affected the effect of BTXA
on muscle tone as assessed by univariable metaregression
analysis. Subgroup analysis indicated BTXA could increase
muscle tone after 4 weeks of follow-up (Table 3).

Data describing the effect of BTXA on Fugl-Meyer score
were available in 4 trials. The summary result indicated
that BTXA significantly increased Fugl-Meyer score com-
pared with the placebo group (SMD=5.09; 95% CI 2.16 to
8.01; P=0.001; Figure 8). Substantial heterogeneity among
the included trials was observed (I-square, 94.9%; P<0.001),
and the results were stable after excluding individual trials.
Univariable metaregression analysis suggested that publi-
cation year (P<0.001), mean age (P<0.001), percentage of
males (P<0.001), time since event (P<0.001), and follow-
up duration (P<0.001) could bias the effect of BTXA on
Fugl-Meyer score. Subgroup analysis indicated no significant
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SMD
Study (95% CI) % Weight
Simpson 1996 ! 0.87 (—0.08, 1.82) 2.8
Brashear 2002 .. 0.58 (0.22,0.94) 19.3
Childers 2004 T 1.06 (0.4, 1.67) 6.6
Kaji 2010 ] = : 0.36 (—0.13, 0.85) 10.4
Gracies 2015 .. 0.44 (0.12,0.77) 23.7
Elovic 2016 _._ 0.43 (0.17, 0.69) 37.1
Overall 0 0.51 ( 0.35, 0.67); P<0.001 100.0
(I-square: 0.0%; P=0.457)
I
-2 0
Effect size
FIGURE 4: Effect of BTXA on physician global assessments in upper limb spasticity.
SMD

Study (95% CI) % Weight

Bhakta 2000 - —-0.30 (-0.43,-0.17) 56.4

Brashear 2002 = —-0.42 (-0.74,-0.10) 9.3

Simpson 2009 - : —-0.46 (-1.15,0.23) 2.0

Kaji 2010 .E —-0.38 (-0.68,-0.08) 10.6

Gracies 2015 _._ ~0.20 (~0.41, 0.01) 21.6

Overall <> —0.30 (—0.40,—0.20); P<0.001 100.0

(I-square: 0.0%; P=0.756)
I
-2 0
Effect size

differences between BTXA and placebo in Fugl-Meyer score
when pooling trials published before 2010, as well as those
with mean patient age <55.0 years, percentage of males
>60.0%, time since event >24.0 months, and more than 4

FIGURE 5: Effect of BTXA on disability assessment scale in upper limb spasticity.

weeks of follow-up (Table 3).

Data describing the effect of BTXA on gait speed were
available in 5 trials. There was no significant difference
between BTXA and placebo for gait speed (SMD=0.06;
95% CI -0.02 to 0.15; P=0.116; Figure 9). Although signifi-
cant heterogeneity among the included trials was detected
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RR
Study (95% CI) % Weight
Smith 2000 —ii 1.75 (0.10, 32.18) 2.9
Bakheit 2000 - ; 0.60 ( 0.17,2.19) 14.8
Bhakta 2000 . E 0.67 (0.12, 2.57) 10.3
Childers 2004 5 = 4.50 (0.26, 78.59) 3.0
Yelnik 2007 : L 3.00 (0.37,24.17) 55
Mccrory 2009 . : 0.58 (0.14,2.47) 11.7
Kanovsky 2009  me 0.68 ( 0.12, 3.98) 7.9
Kaji 2010 . E 0.69 ( 0.16, 2.90) 11.5
Rosales 2012 —Il 2.07 (039, 11.02) 8.6
Wolf 2012 ; = 3.23(0.14, 72.46) 2.5
Gracies 2015 ; . 3.25 (0.75, 14.06) 11.2
Elovic 2016 . 2.04 ( 0.44, 9.43) 103
Overall - 1.18 (0.72, 1.93); P=0.509 100.0
(I-square: 0.0%; P=0.687)
T 1T 1
3 5 1 2
RR
FIGURE 6: Effect of BTXA on adverse events in upper limb spasticity.
SMD
Study (95% CI) % Weight
Burbaud 1996 . —-0.21 (-1.03, 0.62) 17.4
Kaji 2010 _‘._ 0.25 (=0.11, 0.61) 215
Fietzek 2014 . 0.72 (0.16,1.28) 19.9
Ding 2015 . 0.02 (-0.46, 0.49) 20.6
Ding 2017 . ~1.40 (~1.89,-0.91) 20.5
Overall <> -0.12 (-0.83, 0.59); P=0.736 100.0
(I-square: 89.8%; P<0.001)
T 1

0
Effect size

FIGURE 7: Effect of BTXA on muscle tone in lower limb spasticity.

(I-square, 82.1%; P<0.001), the conclusion was not altered
by the exclusion of any specific study. Univariable metare-
gression analysis indicated that publication year (P=0.003),
percentage of males (P=0.016), and study quality (P=0.014)
could bias the effect of BTXA on gait speed. BTXA therapy

significantly increased gait speed with percentage of males <
60.0% (Table 3).

The effect of BTXA on adverse events was assessed by
4 trials. Overall, BTXA therapy had no significant effect
on the risk of adverse events (RR=1.01; 95% CI 0.71-1.45;
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SMD
Study (95% CI) % Weight
Burbaud 1996 . 1.20 (~1.88, 4.28) 21.6
Tao 2015 - 0.10 (-2.54, 2.74) 23.0

Ding 2015

Ding 2017

1
-2 0 2
Effect size

9.04 (7.89,10.19) 27.2

8.32 (7.98, 8.66) 28.2

Overall <> 5.09 ( 2.16, 8.01); P=0.001 100.0

(I-square: 94.9%; P<0.001)

FIGURE 8: Effect of BTXA on Fugl-Meyer score in lower limb spasticity.

SMD
Study (95% CI) % Weight
Burbaud 1996 -0.02 (=0.09, 0.06) 21.0
Pittock 2003 0.00 (—0.04, 0.04) 24.2
Kaji 2010 E 0.00 (—0.08, 0.07) 21.0
Tao 2015 ; - 0.24(0.12,0.36) 16.4
Ding 2017 i . 0.17 (0.06, 0.28) 17.4
Overall <<> 0.06 (—0.02, 0.15); P=0.116 100.0

-2 0
Effect size

(I-square: 82.1%; P<0.001)

F1GURE 9: Effect of BTXA on gait speed in lower limb spasticity.

P=0.949; Figure 10). There was potential significant hetero-
geneity across the included trials (I-square, 53.6%; P=0.091),
and sensitivity analysis indicated the conclusion was not
affected by sequential exclusion of individual trials.

3.5. Publication Bias. Publication bias was assessed for the
investigated outcomes, and results are shown in Table 4.
There were no significant publication biases for mus-
cle tone (Eggers P value=0.591; Beggs P value=0.409),
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Risk ratio
Study (95% CI) % Weight
Pittock 2003 1.00 ( 0.62, 1.60) 26.8
Kaji 2010 1.07 ( 0.40, 2.86) 10.5
Dunne 2012 - 0.54 (0.27, 1.09) 17.18
Wein 2018 1.28 (1.09, 1.49) 45.6
Overall <> 0.84 (0.56, 1.26); P=0.411 100.0
(I-square: 12.9%; P=0.317)
I I I
3 5 1 2
Risk ratio
F1GURE 10: Effect of BTXA on adverse events in lower limb spasticity.
TABLE 4: Publication bias assessment for investigated outcomes.
Limb spasticity Outcomes P value for Egger P value for Begg
Muscle tone 0.591 0.409
Active upper limb function 0.467 1.000
Upper Physician global assessments 0.136 0.133
Disability assessment scale 0.370 0.462
Adverse events 0.081 0.064
Muscle tone 0.838 0.806
Fugl-Meyer score 0.226 0.308
Lower
Gait speed 0.136 0.043
Adverse events 0.209 0.734

active upper limb function (Egger’s P value=0.467; Begg’s
P value=1.000), physician global assessment (Egger’s P
value=0.136; Begg’s P value=0.133), disability assessment
scale (Egger’s P value=0.370; Begg’s P value=0.462), and
adverse events (Egger’s P value=0.081; Begg’s P value=0.064)
in patients with upper limb spasticity. Furthermore, no
evidence of publication bias was found for muscle tone
(Egger’s P value=0.838; Begg’s P value=0.806), Fugl-Meyer
score (Egger’s P value=0.226; Begg’s P value=0.308), and
adverse events (Egger’s P value=0.209; Begg’s P value=0.734)
in patients with lower limb spasticity. Although the Egger’s
test suggested no publication bias for gait speed (P=0.136),
potential publication bias was detected in the Begg’s test in
patients with lower limb spasticity (P=0.043). The conclusion
regarding gait speed was not altered after adjustment by the
trim and fill method [54].

4. Discussion

BTXA is widely used for limb spasticity, but its effectiveness
varies according to spasticity site and treatment dose. The
aim of this study was to determine the efficacy and safety
of BTXA therapy for upper and lower limb spasticity after
stroke. In this comprehensive quantitative meta-analysis,
27 RCTs involving 2,793 spasticity patients with a broad
range of characteristics could ensure the applicability of
summary findings. Pooled results showed that BTXA therapy
could significantly improve muscle tone, physician global
assessment, and disability assessment scale in upper limb
spasticity compared with the placebo group. In addition,
BTXA versus placebo showed significant improvement in
Fugl-Meyer score in lower limb spasticity. Finally, the treat-
ment effects of BT XA might be affected by several predefined
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factors, including publication year, mean age, percentage
of males, time since event, follow-up duration, and study
quality.

A previous meta-analysis has investigated the efficacy and
safety of BTXA for upper limb spasticity after stroke and
traumatic brain injury [55]. The authors concluded BTXA
therapy has beneficial effects with improved muscle tone,
reduced disability assessment scale, and increased patients’
global assessment score. In addition, they pointed out that
BTXA therapy is well-tolerated in patients with upper limb
spasticity after stroke. Another meta-analysis was performed
in patients with lower limb spasticity and concluded BTXA
therapy produces persistent benefits for muscle tone and
Fugl-Meyer score compared with placebo administration
[56]. The limitations of previous meta-analyses are that
they just provide summary effect estimates according to
the follow-up duration and in-depth stratified analyses are
not illustrated. Therefore, the current meta-analysis was
performed to determine the efficacy and safety of BTXA in
patients with upper and lower limb spasticity and evaluate
whether the treatment effectiveness of BT XA differs accord-
ing to publication year, mean age, percentage male, time since
event, follow-up duration, and study quality in upper and
lower limb spasticity, respectively.

Summary results indicated BTXA was superior to
placebo for upper limb spasticity in terms of muscle tone,
physician global assessment, and disability assessment scale.
Indeed, most included trials reported significant differences
between BTXA and placebo in muscle tone, physician global
assessment, and disability assessment scale, while several
others found no statistically significant differences [27, 28,
36, 44]. A possible explanation might be the small sample
sizes of these trials, which showed large standard deviations
and broad 95% ClIs. In addition, muscle tone assessment is
highly subjective, with varying indexes among the included
trials, which might produce potential bias. Furthermore,
although summary results for active upper limb function
were not statistically significant, an obvious trend of increase
was detected, which requires further large-scale trials for
verification. Finally, the risk of adverse events between BTXA
and placebo showed no statistically significant difference, and
all the included trials reported similar conclusions. This could
be explained by an incidence of adverse events lower than
expected as well as broad 95% CIL.

As shown above, BT XA could improve Fugl-Meyer score,
but had no significant effect on muscle tone, gait speed, and
adverse events in patients with lower limb spasticity after
stroke. First, only 2 of the included trials reported significant
effects of BTXA on muscle tone, with discrepant results.
Fietzek et al. indicated patients administered BTXA show
high muscle tone compared with the placebo group [49]. This
might be because muscle tone deterioration was observed
in patients who initially had placebo, which is associated
with reduced susceptibility to BTXA therapy. Secondly,
pooled results for Fugl-Meyer score showed a significant
increase in patients administered BTXA since the study by
Ding et al. reported a large effect difference between the
BTXA and placebo groups [51, 52]. This might be explained
by large sample sizes in these two studies and sufficient
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power to detect statistical significance. Furthermore, these
two patients received electrical nerve stimulation, which
could affect the Fugl-Meyer score. Thirdly, gait speed results
between BTXA and placebo had no statistically significant
difference, while two trials performed in China reported
inconsistent findings. Further large-scale trials are required
for verification. Finally, pooled results for adverse events
showed no statistically significant difference, likely because of
low incidence of events and small sample sizes of the included
trials.

Subgroup analysis for upper or lower limb spasticity
could be affected by predefined factors. Firstly, publication
year affected active upper limb function in upper limb
spasticity, as well as Fugl-Meyer score and gait speed in lower
limb spasticity. This might be because studies performed
at different periods could affect the level of background
rehabilitation therapy. Secondly, mean patient age signifi-
cantly biased results for muscle tone and Fugl-Meyer score
in lower limb spasticity. The recovery ability in different
age groups varies, which might affect the effects of BTXA.
Thirdly, the percentage of males mostly affected efficacy
results, likely because mean age varied between men and
women among the included trials. Fourthly, time since
event in patients administered BTXA could bias results for
muscle tone in upper limb spasticity and Fugl-Meyer score
in lower limb spasticity. This indicates that time of BTXA
administration could affect treatment effects. Fifthly, the
duration of follow-up reflected the persistent effects of BTXA
and affected most results. Treatment effects were tapered
after prolonged follow-up, especially after 12 weeks. Finally,
study quality affected the balance of patients’ characteristics,
which plays an important role in the treatment effects of
BTXA.

The limitations of this study should be mentioned. Firstly,
the effects of BTXA on limb spasticity based on dose were
not assessed due diverse units and types. Secondly, effect
estimates had large ranges and/or different units; therefore,
weighted mean differences could not be calculated. Thirdly,
stratified analyses based on several important factors were not
conducted due to smaller number of included trials for each
specific outcome, such as country, injection techniques, and
rating scales. Fourthly, this study was not registered online,
which might be a potential shortcoming. Finally, inherent
limitations of meta-analyses include publication bias and use
of pooled results.

5. Conclusion

In conclusion, pooled results indicated BTXA is superior
to placebo in upper or lower limb spasticity after stroke.
However, the treatment effects taper after 12 weeks. Fur-
thermore, publication year, mean patient age, percentage of
males, time since event, and study quality could significantly
affect efficacy results in patients administered BIXA. Future
large-scale RCTs should be performed to verify the current
findings and assess treatment effects according to patients’
characteristics.
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