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Abstract
Apart from the known efficacy of Botulinum Neurotoxin Type A (BoNT/A) in hyperactive striated and smooth muscles, 
different pain states have become potential targets of toxin effects. This present study determined the comparative toxin 
effectiveness in pain reduction among those patients injected with BoNT/A in muscle-based and in non-muscle-based 
conditions. Randomized controlled trials (RCTs) on the effect of BoNT/A on selected pain conditions were included. The 
conditions were spasticity and dystonia for muscle-based pain. For non-muscle-based pain, conditions included were pain-
ful diabetic neuropathy (PDN), post-herpetic neuralgia (PHN), trigeminal neuralgia (TN), complex regional pain syndrome 
(CRPS), and spinal cord injury (SCI). In view of possibly differing pathophysiology, myofascial pain, temporomandibular 
joint (TMJ), other joint or tendon pains, cervicogenic and lumbar pains, migraine and visceral pain syndromes were excluded. 
Standardized mean difference was used as the effect measure and computed with STATA. 25 RCTs were analyzed. Pooled 
estimates showed significantly lower pain score in the Treatment group (z = 5.23, p < 0.01, 95% CI = – 0.75, – 0.34). Subgroup 
analyses showed that BoNT/A significantly reduced both muscle-based (z = 3.78, p < 0.01, 95% CI = – 0.72, – 0.23) and non-
muscle-based (z = 3.37, p = 0.001, 95% CI = – 1.00, – 0.27) pain. Meta-regression using four covariates namely dosage, route, 
frequency and duration was done which revealed that dosage significantly affects standardized mean differences, while the 
other three covariates were insignificant. The joint F-test was found to be insignificant (p value = 0.1182). The application of 
the model with these covariates does not significantly explain the derived heterogeneity of standardized mean differences. In 
conclusion, BoNT/A can be effectively used in muscle-based and non-muscle-based pain disorders. We detected no differ-
ence between the presence and magnitude of pain relief favoring muscle-based compared to non-muscle-based pain. Thus, 
we cannot say whether or not there might be independent mechanisms of toxin-induced pain relief for pain generated from 
either muscle or nerve hyperactivity.
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Introduction

Botulinum Neurotoxin Type A (BoNT/A) is a complex 
protein with a neurotoxic part which is proteolytically 
aimed at the synaptic proteins involved in vesicular neu-
rotransmitter release, and the auxiliary protein part. The 
ability to purify BoNT paved the way for it to be used 
for multiple medical purposes, which in recent years, has 
included pain relief (Matak and Lackovic 2014). The best 
known mechanism of action of BoNT is by blocking the 
release of the neurotransmitter acetylcholine (Ach) from 
the pre-synaptic terminal at the neuromuscular junction 
(Matak and Lackovic 2014; Wheeler and Smith 2013). It 
exudes a temporary effect on the muscle fibers and hin-
ders its contraction, leading to relaxation of hyperactive 
muscles. Intuitively, this may be a mechanism by which 
pain relief is generated, by relieving ischemia, lactate pro-
duction, traction-related and positional pain. Additionally, 
BoNT may inhibit release of other local neuropeptides, 
that are involved in pain transmission such as substance 
P, calcitonin gene-related peptide (CGRP), glutamate, and 
transient receptor potential vanilloid 1 (TRPV1) (Wheeler 
and Smith 2013). Inhibition of the release of these neu-
rotransmitters has been proposed to explain the relief of 
neuropathic and ‘muscle-based’ pain.

Literature suggests that BoNT can induce analgesia 
in many musculoskeletal disorders (Wheeler and Smith 
2013). These nociceptive pain states lead to local, and 
even radiating, muscle spasms and pain (“pain-spasm-
pain cycle”). Studies have documented effectiveness of 
the toxin in alleviating nerve-related or neuropathic pain 
such as trigeminal neuralgia (TN) (Ngeow and Nair 2010; 
Babiloni et al. 2016; Safarpour and Jabbari 2018), pain 
in post-herpetic neuralgia (PHN) (Safarpour and Jabbari 
2018; Shackleton et al. 2016), painful diabetic neuropathy 
(PDN) and central neuropathic pain in multiple sclerosis 
(Habek et al. 2010), pain in traumatic brain injury (TBI)/
spinal cord injury (SCI) and post-stroke pain (Safarpour 
and Jabbari 2018). BoNT has also been increasingly used 
“off-label” in several neuropathic pain states. In this pre-
sent work, we specifically included BoNT subcutaneous 
injections for pain in clinical trials for TN (Ngeow and 
Nair 2010; Babiloni et al. 2016), pain in PHN (Shackleton 
et al. 2016), PDN, central neuropathic pain in multiple 
sclerosis (Habek et al. 2010), pain in TBI/SCI (Melnyk 
and Fineout-Overholt 2010) and post-stroke pain (Hig-
gins and Thompson 2002; Sterne 2016; Valentine et al. 
2010). Traumatic SCI produces dramatic changes of neu-
roanatomical and neurochemical shifts that result in mala-
daptive synaptic circuits in the spinal dorsal horn which 
contribute to the neuronal hyperexcitability in response 
to mechanical, chemical and thermal stimuli (Delnooz 

and Warrenburg 2012). Electrophysiologically, there is 
enhanced neuronal response properties to external stimuli 
applied and increased afterdischarge activity (Delnooz and 
Warrenburg 2012). In the somatosensory system, GABAe-
rgic descending pathways terminate in the spinal cord, 
where GABA, an inhibitory neurotransmitter, is widely 
distributed. GABA is a product of the decarboxylate of 
l-glutamate by glutamic acid decarboxylase (GAD). It 
plays a “counter balance” role against enhanced synaptic 
transmission in the spinal cord as a result of glutamate-
mediated excitation of neurons following SCI (Delnooz 
and Warrenburg 2012). Neurons are not the only cells that 
synthesize GABA in the central nervous system. After an 
ischemic injury, forebrain region shows increased GFAP 
immunoreactivity (activated astrocytes) co-labeled with 
GABA and GAD which indicates that glial cells also syn-
thesize GABA, since GAD is the enzyme necessary in 
GABA synthesis (Delnooz and Warrenburg 2012). These 
GABAergic neurons synapse axodendritically and axoso-
matically. The activation of NMDA receptors and other 
calcium channels triggers large influxes of calcium ions, 
dependent on the depolarization of the membrane and ini-
tiate subsequent calcium-dependent GABA release. Thus, 
the somatic and dendritic localized GABA release results 
in widespread inhibition in nociceptive transmission (Del-
nooz and Warrenburg 2012).

However, there is little exploration of whether BoNT/A 
might work differently in muscle-based compared to non-
muscle-based pain. To date, meta-analytic studies on pain 
disorders, have focused primarily on neuralgia, migraine 
and other headaches, and diabetic neuropathy. They have not 
explored pain syndromes in general, or considered compara-
tive efficacy and potentially different mechanisms of action. 
Data continue to accumulate so that a further summative 
meta-analysis is justified. Thus, we have conducted this 
present meta-analysis to address the clinical question: how 
effective is BoNT/A in treating patients with muscle-based 
compared to non-muscle-based pains?

Methods

Eligibility criteria

We used the P.I.C.O.T. framework (population, interven-
tion, comparison, outcome, and timeframe) to develop our 
clinical question, guide the literature search, and evaluate 
eligibility of potentially relevant research papers (Melnyk 
and Fineout-Overholt 2010). Only papers written in English 
were included.

In terms of the populations of interest, we included 
RCTs that examined use of BoNT for muscle-based or 
non-muscle-based pain syndromes, regardless of year of 
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publication, duration of treatment, or the respondent’s age 
or sex. As exemplars, we designated spasticity and dystonia 
as muscle-based pain conditions, and central neuropathic 
pain, PDN, TN, complex regional pain syndrome [CRPS], 
and SCI as non-muscle-based pain conditions. In view of 
different pathophysiological processes in pain generation, 
migraine, chronic daily headache and tension type headache 
were excluded.

Control interventions accepted were placebo, usual or 
standard treatment. The primary outcome of interest was 
the pain scores of the study’s respondents. No specific time-
frame was set for the assessment of pain in the studies that 
were reviewed.

Information sources

We searched PubMed, Sciencedirect, EBSCO Host, and 
Google Scholar. We scrutinized the references of identified 
studies for further potentially relevant studies. We searched 
gray literature (defined as reports produced by all levels of 
government, academics, business, and industry in print and 
electronic formats but are not controlled by commercial 
publishers) ProQuest Dissertations and Theses Database 
and ClinicalTrials.gov.

Search procedure

We searched relevant literature on the search engines men-
tioned above. Multiple search techniques were employed 
including keyword search, controlled vocabulary or subject 
heading search, and Boolean logic search. For databases 
without controlled vocabulary, we searched for keywords, 
using the following phrases: “dystonia pain AND botulinum 
toxin,” “spasticity pain AND botulinum toxin,” “limb spas-
ticity AND botulinum toxin,” “botulinum toxin AND muscle 
pain,” “botulinum AND non-muscle pain,” “muscle-based 
pain AND botulinum toxin,” “non-muscle based pain AND 
botulinum toxin,” “botulinum toxin AND myofascial pain,” 
“botulinum toxin AND cervicogenic pain,” “botulinum toxin 
AND lumbar pain,” “botulinum toxin AND neck pain,” “bot-
ulinum toxin AND neuralgia,” “botulinum toxin AND neu-
romuscular pain,” and “botulinum AND neuropathic pain.” 
Muscle-based pain studies exclusively referred to spasticity 
and dystonia. Other potential muscle-triggered pain such as 
myofascial pain, TMJ pain, cervicogenic and lumbar pains 
not associated with spasticity and dystonia were excluded. 
For databases with controlled vocabulary, we used the fol-
lowing Medicine Medical Subject Headings (MeSH) terms: 
“Botulinum toxin” OR “Botulinum Toxin A” OR “Botox” 
OR “BTX” AND “pain” OR “pain syndromes” OR “neu-
ropathic pain” OR “neuralgia.” The search was limited to 
researches on human data and on clinical trials.

Study selection

Two independent reviewers conducted literature search and 
eligibility assessment. One reviewer extracted research data 
and performed quality assessment of the identified articles. 
The second reviewer, checked the extracted data and also 
performed quality assessment. Disagreements in judgment 
between the reviewers were resolved by discussion.

Title, keywords, and abstract of publications identi-
fied according to the search strategies were independently 
screened by these reviewers. Inclusion criteria for title and 
abstract screening included trials or experimental studies 
on BoNT on pain (muscle or non-muscle based). The same 
reviewers independently scrutinized full-text papers for final 
inclusion in the study. Excluded research articles and the 
reasons for their exclusion were recorded and tabulated. 
Disagreements were managed through discussion.

Using the Cochrane Collaboration’s tool, we assessed and 
rated the quality of each selected research article as either 
high, moderate, low, or very low. We appraised the following 
aspects of each RCT: sequence generation, blinding, alloca-
tion concealment, incomplete outcome data, selective out-
come reporting, and other sources of bias. This Cochrane 
tool generally rates RCTs or other experimental studies as 
high quality. Quality scores are reduced by serious limita-
tions in design, imprecision of results, unexplained hetero-
geneity, and indirectness of evidence and high probability 
of publication bias. In our own meta-analysis, we excluded 
BoNT/B to reduce data heterogeneity, and because some 
early studies reported that BoNT/B may induce pain during 
injection sessions.

Data collection process

We developed an abstraction form and pre-tested it on a 
number of five papers. Two reviewers independently 
extracted data from included studies.

Data items

The variable that was of primary interest in this present 
study was the pain score. The reviewers also extracted 
information regarding the authors, publication year, study 
design, study location, source of funding, duration of study, 
inclusion criteria, exclusion criteria, duration of pain, type 
of pain or pain syndrome, participation rate, attrition rate, 
dose of BoNT/A administered, outcomes, adverse effects, 
and other results.

Summary measures

We used the mean and standard deviation (SD) of pain 
scores to calculate the standardized mean difference (SMD) 
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for use in the meta-analysis. Regarding pain assessment, the 
pain scores extracted for this meta-analysis were the rating 
scores assessed at a given timeframe of the eligible study.

Synthesis of results

This study did not assume one effect size among all the stud-
ies that were included. Hence, the overall effect for each 
meta-analysis was derived using a random-effects model 
(REM), which takes within-study and between-study vari-
ation into account. We scrutinized statistical heterogeneity 
between studies using Q statistics test, I2 statistics, and tau-
squared (τ2) statistics (Higgins and Thompson 2002).

We evaluated publication bias using contour-enhanced 
funnel pots. We performed formal statistical assessment of 
plot asymmetry using Egger’s regression asymmetry test 
and Begg’s adjusted rank correlation test (Sterne 2016). We 
conducted all analyses using STATA version 13 (StataCorp. 
2013. Stata Statistical Software: Release 13. College Sta-
tion, TX: StataCorp LP.). A p value ≤ 0.05 was considered 
statistically significant.

Meta‑regression

In considering potential effects of certain variables influ-
encing current results from the derived studies, a meta-
regression analysis was done using STATA. Thus, individual 
spread sheets containing the outcome measure of data inter-
est were done. In this present study, we tabulated the 25 
studies analyzed according to the dosage, frequency, route of 
administration, time of assessment post-injection, and study 
duration. To graph analysis in STATA, we used the com-
mand graph after the meta-regression analysis. A line graph 
of fitted values plotted against the first covariate was done, 
together with the estimates from each study represented by 
circles. By default, the circle sizes depend on the precision 
of each estimate, which is the weight given to each study 
in the fixed-effects model. A joint F-test was performed to 
demonstrate the significance of all covariates together.

Results

Study selection

The search retrieved 1102 articles between year 2000 and 
2017. After applying our broad inclusion and exclusion 
criteria and checking these publications for duplicates, we 
screened the 55 remaining papers in more detail. From these 
articles, 29 were further removed due to the following: (1) 
16 articles did not quantitatively report VAS scores; (2) 
3 studies were case reports or studies; (3) 2 articles were 
repeated measures without a comparison; (4) 2 studies were 

qualitative studies; and, (5) 3 articles assessed bladder pain. 
As presented in the PRISMA Flow Diagram of Study Selec-
tion (see Fig. 1), a total of 25 articles were included in this 
meta-analytic study.

Study characteristics

All studies selected for this review were RCTs, with a total 
of 25 research papers. Using the formula recommended by 
Valentine et al. (2010), we calculated a statistical power of 
99.92%, suggesting sufficiency of the extracted articles. 
Tables 1 and 2 summarize the characteristics of the included 
studies for both muscle-based and non-muscled-based pain 
disorders, separately.

Synthesis of results

Figure 2 suggests that the pooled data showed a signifi-
cant difference in the mean pain scores between the use of 
BoNT/A and placebo treatment using random-effects model 
(z = 5.23, p < 0.01, 95% CI = – 0.75, – 0.34). The results 
favored the use of BoNT/A, in both muscle-based (z = 3.78, 
p < 0.01, 95% CI = – 0.72, – 0.23) and non-muscle-based 
(z = 3.37, p = 0.001, 95% CI = – 1.00, – 0.27) pain. They 
show that BoNT/A relieves both muscle-based and non-
muscle-based pain better than placebo.

Risk of bias in studies

We assessed the risk of bias analysis using contour-enhanced 
funnel plots, as presented in Fig. 3. As shown, for both with 
and without subgroup analyses, there is funnel asymmetry 
and evidence strongly suggest that studies are suppressed 
on a single side (left side of the plot). In addition, statisti-
cal analysis using Begg’s (z = 3.13, p = 0.002) and Egger’s 
(bias = – 2.01, p = 0.012) tests supports funnel asymmetry 
and possibility of publication bias. It is also notable that 
the sign of the bias coefficient was negative which suggests 
overestimation of the effect of the BoNT/A or underestima-
tion of the comparison group’s treatment.

Meta‑regression

Meta‑regression with dosage

Using SMD from 25 studies, meta-regression analysis 
showed that there is a positive association between dosage 
and difference between the effect of BoNT/A and placebo. 
This can be clearly seen in the bubble plot (Fig. 4) where 
increasing dosage is accompanied by increasing SMD. 
Where by increasing the SMD, the effect of BoNT/A moves 
farther from the effect of placebo. Increasing the dosage 
by a unit also increases the mean difference of pain scores 
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between the effect of BoNT/A and placebo treatments by 
0.0009. Inversely, a decrease in dosage will decrease the 
SMD; hence, decreasing difference in pain scores between 
the effect of BoNT/A and placebo treatments. This effect 
of dosage was found to be significant at 10% alpha (p 
value = 0.063).

The weighted overall SMD − 0.5463 favors BoNT/A over 
placebo. On the average, weighted SMD varies by as much 
as 0.4567 from this weighted overall SMD if dosage is taken 
into account. The estimate of between-study variance was 
found to be significantly different from zero based from the 
Likelihood-ratio test (p value – 0.0017). Results showed 
that dosage explains 21.85% of the overall heterogeneity. 
The remaining 78.15% is explained by other factors. From 

this 78.15% variation unexplained by dosage, 64.83% is 
due to heterogeneity of studies signifying more covariates 
are affecting the advantage of BoNT/A over placebo (see 
Table 3).

Meta‑regression with route

Meta-regression analysis showed that SMD is lower if the 
route is non-muscle based [coded with two on the bubble 
plot]. This implies that the effects of BoNT/A and placebo 
treatments have lower difference in non-muscle-based route 
compared to muscle-based route. Bubble plot (Fig. 5) shows 
the very slow decreasing trend as route goes from muscle 
based to non-muscle based. If the route is non-muscle based, 
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the mean difference between the effect of BoNT/A and pla-
cebo treatments is lower by 0.1003 compared when the route 
is muscle based. This effect of route was found to be not 
significant (p value – 0.740).

Weighted overall SMD of − 0.5463 favors BoNT/A over 
placebo. On the average, weighted SMD varies by as much 
as 0.4637 from this weighted overall SMD if route is taken 
into account. This estimate of between-study variance was 
found to be significantly different from zero based from the 
Likelihood-ratio test (p value = 0.0011). Results showed 
that route does not contribute to the overall heterogeneity 
(0.00%). The other 100.00% is explained by other factors. 
From this 100.00% variation unexplained by route, 67.62% 
is due to heterogeneity of studies signifying more covari-
ates are affecting the advantage of BoNT/A over placebo 
(see Table 4).

Meta‑regression with frequency

Meta-regression analysis showed that SMD is higher if the 
frequency is not a single dose [coded with one in the bubble 
plot]. This implies that the effects of BoNT/A and placebo 
treatments have lower difference in single dose. The bubble 
plot (Fig. 6) shows the increasing trend as frequency goes 
from single dose to 12 weeks to 12–16 weeks. If the fre-
quency is not a single dose, the mean difference between the 
effect of BoNT/A and placebo treatments is higher by 0.3034 
compared when the frequency is single dose. This effect of 
frequency was found to be not significant (p value = 0.294).

Weighted overall SMD of − 0.5463 favors BoNT/A over 
placebo. On the average, weighted SMD varies by as much 
as 0.5117 from this weighted overall SMD if frequency is 
taken into account. This estimate of between-study variance 
was found to be significantly different from zero based from 
the Likelihood-ratio test (p value = 0.0018). Results showed 
that frequency explains 1.93% only of the overall heteroge-
neity. From this 98.07% variation unexplained by frequency, 
66.31% is due to heterogeneity of studies signifying more 
covariates are affecting the advantage of BoNT/A over pla-
cebo (see Table 5).

Meta‑regression with duration

Meta-regression analysis showed a positive association 
between duration and difference between the effect of 
BoNT/A and placebo. This can be clearly seen in the bub-
ble plot (Fig. 7) where increasing duration is accompanied 
by increasing SMD. Hence, increasing SMD increases the 
difference in pain scores between BoNT/A and placebo. 
Increasing the duration by 1 month also increases the mean 
difference between the effect of BoNT/A and placebo treat-
ments by 0.0433. This effect of duration was not significant 
(p value = 0.165).Ta
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NOTE: Weights are from random effects analysis
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Fig. 2  Comparison of pain scores between muscle-based and non-muscle-based pain disorders
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Weighted overall SMD of − 0.5463 favors BoNT/A over 
placebo. On the average, weighted SMD varies by as much 
as 0.4591 from this weighted overall SMD if duration is 
taken into account. This estimate of between-study variance 
was found to be significantly difference from zero based 
from the Likelihood-ratio test (p value = 0.0036). Results 
showed that duration explains 21.05% of the overall hetero-
geneity. The remaining 78.95% is explained by other factors. 
From this 78.95% variation unexplained by duration, 65.39% 
is due to heterogeneity of studies signifying more covariates 
are affecting the advantage of BoNT/A over placebo (see 
Table 6).

Multiple meta‑regression

Using all four covariates simultaneously in a single model 

revealed that dosage significantly affects SMD, while all 
other three do not have significant effects. Adjusting for 
route, frequency and duration, the effect of dosage is now 
higher from 0.0009 to 0.0014. Increasing the dosage by one 
unit increases the mean difference between the effect of 
BoNT/A and placebo treatments by 0.0014. However, joint 
F-test of these four covariates is not significant for p value 
is high 0.1182. This implies that the model with these four 
covariates does not significantly explain the heterogeneity 
of SMD. Other important factors can define the difference 
in the effects of BoNT/A and placebo treatments observed 
in the 25 studies analyzed.

On the average, weighted SMD varies by as much as 
0.1913 from the weighted overall SMD if all four covariates 
are taken into account. This estimate of between-study vari-
ance was found to be significantly different from zero based 

Fig. 4  Bubble plot (meta-regression with dosage)

Table 3  Meta-regression with 
dosage

Covariate Effect p value Remark

Dosage 0.0009 0.063 Significant at 10%
Overall SMD  − 0.5463
Between-study standard deviation (τ) 0.4567
Likelihood-ratio test of τ = 0 p value = 0.0017
Residual variation due to heterogeneity (I2 res) 64.83%
Proportion of between-study variance explained 21.85%

Fig. 5  Bubble plot (meta-regression with route/mode)

Table 4  Meta-regression with 
route/mode

Covariate Effect p value Remark

Route  − 0.1003 0.740 Not significant
Overall SMD  − 0.5463
Between-study standard deviation (τ) 0.4637
Likelihood-ratio test of τ = 0 p value = 0.0011
Residual variation due to heterogeneity (I2 res) 67.62%
Proportion of between-study variance explained 0.00%
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from the Likelihood-ratio test (p value = 0.0017). Results 
showed that, collectively, these four covariates explain 
28.33% of the overall heterogeneity. From the remaining 
71.67% variation unexplained by these four covariates, 
63.99% is due to heterogeneity of studies signifying more 
covariates are affecting the advantage of BoNT/A over pla-
cebo (see Table 7).

Discussion

This present meta-analytic study demonstrated that BoNT/A 
is effective in reducing pain from both muscle- and non-mus-
cle-based triggers. The contention of dichotomizing muscle 
from non-muscle-based pain is hinged upon the knowl-
edge of BoNT effects along the muscle where it is directly 

applied. BoNT has been increasingly used “off-label” in 
neuropathic pain states. Here, we specifically included sub-
cutaneous injections for pain in TN (Ngeow and Nair 2010; 
Babiloni et al. 2016), PHN (Shackleton et al. 2016), TBI/
SCI (Melnyk and Fineout-Overholt 2010), PDN, central neu-
ropathic pain in multiple sclerosis (Habek et al. 2010), and 
post-stroke pain (Higgins and Thompson 2002; Sterne 2016; 
Valentine et al. 2010). In dystonia, the abnormally sustained 
muscle activity may eventually lead to pain which is said 
to be present in 65–75% of patients with dystonia which 
also causes significant disability among patients (Shaw et al. 
2010). On the other hand, spasticity complicates and disable 
neurologic patients with stroke, multiple sclerosis, and TBI/
SCI, with pain occurring in 65% of cases. Spasticity-related 
pain is derived from severe muscle spasms, co-contraction, 
abnormal posturing and setting-in of biomechanical forces 

Fig. 6  Bubble plot (meta-regression with frequency)

Table 5  Meta-regression with 
frequency

Covariate Effect p value Remark

Frequency 0.3034 0.294 Not significant
Overall SMD − 0.5463
Between-study standard deviation (τ) 0.5117
Likelihood-ratio test of τ = 0 p value = 0.0018
Residual variation due to heterogeneity (I2 res) 66.31%
Proportion of between-study variance explained 1.93%

Fig. 7  Bubble plot (meta-regression with duration)

Table 6  Meta-regression with 
duration

Covariate Effect p value Remark

Duration 0.0433 0.165 Not significant
Overall SMD  − 0.5463
Between-study standard deviation (τ) 0.4591
Likelihood-ratio test of τ = 0 p value = 0.0036
Residual variation due to heterogeneity (I2 res) 65.39%
Proportion of between-study variance explained 21.05%
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along the musculoskeletal region from immobility (Yelnik 
et al. 2007).

In our present work, we have showed that BoNT/A 
reduced pain scores greater with increasing sufficient and 
therapeutic amount of dosage used and among patients 
injected with BoNT/A whether directly to the muscle (mus-
cle-based), intradermal or subcutaneously (non-muscle 
based). BoNT/A proved to be efficacious in reducing pain by 
affecting cholinergic transmission by blocking acetylcholine 
release from the pre-synaptic terminal at the neuromuscular 
junction, hindering muscle fiber contraction and leading to 
muscle relaxation and pain reduction. BoNT is successful 
in treating pathologies characterized by hyperexcitability of 
peripheral nerve terminals (Caleo et al. 2018; Pellet 2012; 
Pirazzini et al. 2017). However, substantial experimental 
and clinical evidence indicates that not all BoNT/A effects 
can be explained solely by silencing of the neuromuscular 
junction (Caleo et al. 2018). It also acts by inhibiting neuro-
peptides involved in pain transmission, namely substance P, 
CGRP, glutamate, and TRPV1 (Wheeler and Smith 2013). 
Hence, it may be effective in pain relief of non-muscle-based 
pain disorders. BoNT has a direct anti-nociceptive effect to 
muscle pain receptors including receptors for propriocep-
tion and spinal cord circuitry modulation through gamma 
efferent block, direct muscle relaxation and reduction of 
muscle spasm (Higgins and Thompson 2002). Some studies 
assumed that the effect of BoNT/A is through a retrograde 
axonal transport of BoNT/A via central neurons and motor 
neurons which offered novel pathways of BoNT/A traffick-
ing with neurons (Bach-Rojecky et al. 2010). Hence, it can, 
therefore, be concluded that the anti-nociceptive effect of 
BoNT/A may be associated with processes of central sen-
sitization (Bach-Rojecky et al. 2010). These effects may be 
the consequence of hematogenic spread, a retrograde neu-
ral transport of BoNT to the central nervous system, or an 
indirect action secondary to denervation and changes of 
afferent input resulting in the plastic reorganization of the 
CNS (Gwak and Hulsebosch 2011). Studies reported dif-
ferent effects of BoNT at the level of spinal cord and brain 

circuits contributing to its therapeutic benefits (Caleo et al. 
2018). Several other animal studies provide evidence for a 
retrograde transport of BoNT (Aoki 2005; Bach-Rojecky 
and Lackovic 2005). In one study, radioactivity was found 
successively in the sciatic nerve, the ipsilateral spinal ventral 
roots and the spinal cord with a distal–proximal segment 
following intramuscular injection of radiolabeled BoNT in 
the cat gastrocnemius muscle (Gwak and Hulsebosch 2011; 
Weise et al. 2019) which demonstrated functional changes 
on parts of the soma membrane of the alpha-motoneuron 
on follow-up neurophysiological study (Gwak and Hulse-
bosch 2011; Weise et al. 2019; Akaike et al. 2013; Lackovic 
et al. 2018). In a recent study, it showed that BoNT acted at 
facial nucleus neurons after injection in the whisker muscles 
(Gwak and Hulsebosch 2011; Wiegand and Wellhöner 1977; 
Akaike et al. 2013; Lackovic et al. 2018). Consistent with 
other studies, they were able to detect cleaved SNAP25 [syn-
aptosomal nerve associated protein at distant cells, upstream 
from the initial uptake neurons] indicating a catalytic action 
following retrograde interneuronal transport via transcyto-
sis (Gwak and Hulsebosch 2011; Wiegand and Wellhöner 
1977; Antonucci et al. 2008; Bomba-Warczak et al. 2016; 
Akaike et al. 2013; Lackovic et al. 2018). There is func-
tional evidence of bilateral muscle relaxation after unilateral 
injection of BoNT in the rat paw. Here, BoNT arrived at the 
contralateral muscle to similar extents via neural pathways 
and the hematogenous route, which suggests transport within 
neuronal networks as an additional mechanism for BoNT’s 
action at distant sites.

BoNT primarily acting on the neuromuscular junction 
results in a biochemical denervation and muscle weakness 
of the injected muscle, this mechanism undoubtedly con-
stitutes the main action and cause for the reliable clinical 
effect of BoNT in several neurological and pain disorders. 
Nevertheless, alongside its peripheral action, strong clinical 
evidence exists indicating additional BoNT-related central 
effects. Current literature suggests that indirect effects of 
BoNT on the brain may be more prominent (Lackovic et al. 
2018). Here, the changes to the afferent input are thought to 

Table 7  Multiple meta-
regression

Covariates Effect p value Remark

Dosage 0.0014 0.047 Significant at 5%
Route 0.5732 0.159 Not significant
Frequency 0.2721 0.291 Not significant
Duration 0.0273 0.362 Not significant
Joint F-test p value = 0.1182
Overall SMD  − 0.5463
Between-study standard deviation (τ) 0.1913
Likelihood-ratio test of τ = 0 p value = 0.0017
Residual variation due to heterogeneity (I2 res) 63.99%
Proportion of between-study variance explained 28.33%
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result in short- and long-term plastic changes to the CNS. 
This reorganization of the brain may have an additional ther-
apeutic effect. It may potentially be responsible for the long-
lasting clinical effect of BoNT or its effect in non-treated 
muscles (Weise et al. 2019).

Conclusion

In conclusion, the peripheral blocking effects of BoNT/A 
impact in reducing pain from both muscle-based and non-
muscle-based pain conditions, be it administered intramus-
cularly (for muscle-based pain) or subcutaneously/intrader-
mal (for non-muscle-based pain) accordingly. The fact that 
BoNT/A effects on pain did not favor one over the other, 
injection approach addressing the specific disease state 
argues toward independent effects in pain mechanisms. The 
development of new and engineered toxins that are specifi-
cally targeted for pain neurotransmitters will be an inter-
esting new chapter and innovation in the management of 
painful conditions.
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