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Abstract
Background and Objective  Trigeminal neuralgia (TN) and postherpetic neuralgia (PHN) are severe peripheral neuropathic 
pain conditions associated with substantial functional impairment. Although pharmacological treatments are available, many 
patients experience insufficient efficacy or poor tolerability. Botulinum toxin type A (BoNT-A) has emerged as a potential 
treatment, but uncertainties remain regarding its efficacy, safety, and clinical positioning. This umbrella review aimed to 
synthesise evidence from systematic reviews evaluating BoNT-A in TN and PHN.
Methods  A systematic search was conducted in MEDLINE, Embase, Cochrane Library, Web of Science, and CINAHL from 
inception to November 2025. Systematic reviews with or without meta-analysis evaluating BoNT-A in adults with TN or PHN 
were included. Methodological quality was assessed using AMSTAR-2, and only moderate- or high-quality reviews were 
included. Primary outcomes were pain intensity reduction and responder rates (≥ 50% pain reduction). Secondary outcomes 
included quality of life and adverse events.
Results  Ten systematic reviews (2015–2024) met the inclusion criteria. Botulinum toxin type A was consistently associated 
with reductions in pain intensity and higher responder rates than placebo, particularly in TN. In PHN, evidence was more 
limited but supported short-term (1–3 months) improvements in pain intensity. Evidence on quality of life was scarce and 
inconclusive. Botulinum toxin type A was well tolerated, with mostly mild and transient adverse events.
Conclusions  Botulinum toxin type A appears to provide short-term pain relief in selected patients with TN and PHN and is 
generally well tolerated. Current evidence supports its role as an adjunctive third-line option for focal peripheral neuropathic 
pain, although heterogeneity and limited long-term data warrant cautious interpretation.

1  Introduction

Neuropathic pain is defined by the International Association 
for the Study of Pain (IASP) as pain resulting from an injury 
or disease affecting the somatosensory system [1, 2]. Based 

on the location of the neural impairment, it can be classified 
as central, e.g., when it involves structures of the central 
nervous system, or peripheral, e.g., when it results from 
injury or dysfunction of the peripheral somatosensory sys-
tem [3, 4]. It can present as either episodic (e.g., trigeminal 
neuralgia) or continuous (e.g., postherpetic neuralgia) pain. 
Conditions commonly associated with neuropathic pain 
include painful diabetic neuropathy, postherpetic neuralgia,  *	 Nikolaos Christidis 
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Key Points 

Botulinum toxin type A appears to provide short-term 
pain relief in trigeminal neuralgia and postherpetic 
neuralgia.

Evidence is stronger and more consistent in trigeminal 
neuralgia than in postherpetic neuralgia.

Botulinum toxin type A is well tolerated and represents 
a valuable third-line option for focal peripheral neuro-
pathic pain, although standardisation and long-term data 
are needed.

cancer-related neuropathies and multiple sclerosis, and 
trigeminal neuralgia (TN) [5, 6].

Trigeminal neuralgia is widely recognized as one of the 
most severe pain syndromes encountered in clinical practice 
[7]. It is characterized by brief, unilateral, recurrent parox-
ysms of electric shock-like pain, often triggered by innocu-
ous stimuli such as chewing, speaking, or light touch, with 
abrupt onset and termination [8, 9]. According to the Inter-
national Headache Society (IHS) classification, TN is clas-
sified into classic, secondary, and idiopathic subtypes [3]. 
The disorder is associated with abnormal trigeminal afferent 
excitability and peripheral nociceptive sensitization, with 
possible secondary central changes contributing to allodynia 
and hyperalgesia [10, 11]. Trigeminal neuralgia is associated 
with substantial functional impairment, reduced quality of 
life, and psychosocial burden [12]. The reported global inci-
dence ranges from 4 to 28.9 cases per 100,000 individuals, 
with higher prevalence among women and older adults [13].

Postherpetic neuralgia (PHN) is the most common 
chronic complication of herpes zoster and a major cause of 
peripheral neuropathic pain [14, 15]. It is defined as persis-
tent pain lasting at least three months after rash onset in the 
affected dermatome [14, 16]. Clinically, PHN typically pre-
sents with continuous burning pain, often accompanied by 
mechanical allodynia and hyperalgesia [14]. The condition is 
associated with peripheral nociceptive injury and sensitiza-
tion, with possible secondary central changes contributing 
to pain persistence [15]. The risk of PHN increases substan-
tially with age, particularly after 50 years, and the condition 
is associated with considerable impairment in quality of life 
[14, 17][15].

The Neuropathic Pain Special Interest Group (NeuPSIG) 
guidelines recommend tricyclic antidepressants, seroto-
nin–norepinephrine reuptake inhibitors, and gabapentinoids 
as first-line pharmacological therapies for neuropathic pain, 
supported by high- to moderate-quality evidence according 

to GRADE framework [18, 19]. These agents act primarily 
by enhancing descending monoaminergic inhibitory path-
ways, or by reducing presynaptic release of neurotransmit-
ters through binding to the α2δ subunit of voltage-gated 
calcium channels [18, 20]. Despite demonstrating superi-
ority over placebo, only a subset of patients achieves sub-
stantial (≥ 50%) pain relief, and overall benefits remain 
modest, often limited by adverse effects such as dizziness 
and somnolence [18, 19]. Tramadol, topical lidocaine, and 
high-concentration capsaicin are considered second-line 
options, while strong μ-opioid receptor agonists are reserved 
as third-line options due to their unfavourable risk-benefit 
profile [18, 19].

In the same way, botulinum toxin type A (BoNT-A) is 
classified as a third-line therapy mainly in selected patients 
with focal peripheral neuropathic pain who do not achieve 
sufficient benefit from first- and second-line therapies, sup-
ported by moderate-quality evidence and a modest effect 
size, with a favourable tolerability profile [18, 19]. Recom-
mended doses range from 50 to 200 units injected into the 
painful area, typically at three-monthly intervals. Unlike sys-
temic therapies, BoNT-A acts primarily at peripheral nocic-
eptive terminals [18, 19]. Through inhibition of presynaptic 
neurotransmitter release, BoNT-A may reduce nociceptive 
transmission, neurogenic inflammation, and peripheral sen-
sitisation, with possible secondary effects on central sensiti-
sation processes [20–23]. Adverse events are generally mild, 
localised, and transient, supporting its therapeutic relevance 
in facial neuropathic syndromes such as trigeminal neuralgia 
and postherpetic neuralgia.

Although the clinical application of BoNT-A has 
expanded in recent years, important uncertainties remain 
regarding the magnitude and consistency of its therapeutic 
effects, optimal injection protocols, and long-term safety 
profile, issues that are particularly relevant in conditions 
such as trigeminal neuralgia and postherpetic neuralgia. 
Moreover, the absence of standardised treatment protocols 
and the lack of definitive conclusions about overall efficacy 
and safety highlight the need for a comprehensive synthe-
sis of the available evidence. Also, in recent years, several 
systematic reviews evaluating BoNT-A for trigeminal and 
postherpetic neuralgia have been published, often includ-
ing overlapping primary studies and reporting heterogene-
ous findings. An umbrella review was therefore considered 
appropriate to critically appraise the methodological quality, 
consistency, and overall strength of the available review-
level evidence. In this context, the present umbrella review 
aims to critically evaluate and integrate findings from sys-
tematic reviews of randomised controlled trials (RCTs), 
providing a consolidated assessment of the efficacy, safety, 
and clinical relevance of BoNT-A for the management of 
trigeminal neuralgia and postherpetic neuralgia.
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2 � Materials and Methods

2.1 � Protocol

This comprehensive review was methodologically planned, 
conducted, and reported in accordance with the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) recommendations (https://​www.​prisma-​state​
ment.​org/). The study was developed according to a review 
protocol that was prepared prospectively (2/10/2025) prior 
to data extraction and is provided as Supplementary Infor-
mation 1.

2.2 � Inclusion Criteria

The inclusion of studies in this review was structured 
according to the PICOTS approach (Population, Interven-
tion, Comparators, Outcome, Time, and Study Design): Pop-
ulation (P): Adult individuals diagnosed with neuropathic 
pain, specifically trigeminal neuralgia and postherpetic neu-
ralgia. Intervention (I): Treatment with botulinum toxin (any 
formulation). Comparators (C): Standard treatment, placebo, 
or other pharmacological (conventional) and non-pharmaco-
logical (surgical interventions) therapeutic approaches. Out-
comes (O): The primary outcome consisted of a reduction in 
the intensity of neuropathic pain, measured using validated 
pain scales such as the Visual Analogue Scale (VAS), the 
Numerical Rating Scale (NRS), or equivalent instruments. 
Secondary outcomes included changes in pain frequency, 
other patient-reported clinical outcomes, and the occurrence 
of treatment-associated adverse events. Time (T): Outcomes 
were analyzed over short, medium, and long-term periods, 
according to the reported follow-up time. Study design (S): 
Only systematic reviews, with or without meta-analysis, that 
reported the outcomes of interest were included.

2.3 � Exclusion Criteria

Narrative reports, editorials, letters to the editor, interviews, 
expert opinions, conference abstracts, case reports or series, 
duplicates, observational, cross-sectional and case-control 
studies, as well as in vitro studies or studies conducted in 
animal models, were excluded. Furthermore, publications 
written in languages other than English, Portuguese, Span-
ish, or French were also excluded. Systematic reviews clas-
sified as having low methodological quality, according to the 
critical appraisal tool adopted, as well as those that did not 
investigate the therapeutic use of BoNT-A in the treatment 
of trigeminal neuralgia and postherpetic neuralgia in adults, 
were not included in the final synthesis.

2.4 � Search Strategy

A bibliographic search was conducted in the following data-
bases: Medline (Ovid), Embase (embase.com), Cochrane 
Library (Wiley), Web of Science (Clarivate Analytics), and 
CINAHL (EBSCOhost). The last search was performed on 
November 24, 2025. The search strategy was developed in 
Medline (Ovid) in collaboration with librarians from the 
Karolinska Institute University Library. For each search con-
cept, Medical Subject Headings (MeSH-terms) and free-text 
terms were identified. The search was then translated, in part 
using Polyglot Search Translator [24], for the other data-
bases. The full search strategies were proofread by another 
librarian prior to execution. Databases were searched from 
inception and language restriction was made to English, 
French, Portuguese and Spanish. Deduplication was per-
formed using Covidence (Covidence systematic review soft-
ware, Veritas Health Innovation, Melbourne, Australia). The 
full search strategies for all databases are available in the 
Supplementary Information 1.

2.5 � Selection of Studies

The study selection process was conducted in two distinct 
stages using the Covidence platform (https://​www.​covid​
ence.​org/). Initially, titles and abstracts were analysed 
independently and blindly by two reviewers (MAD and 
TGS), and any conflicts were resolved by a third reviewer 
(GTC). In the second stage, the analysis of the full texts 
was carried out separately by the same reviewers (MAD 
and TGS), with any discrepancies resolved by the third 
reviewer (GTC). The entire selection process was docu-
mented and presented in a flowchart, in accordance with 
PRISMA recommendations.

2.6 � Analysis of the Methodological Quality and Risk 
of Bias of the Included Reviews

The methodological quality and risk of bias of the included 
systematic reviews were assessed using the AMSTAR-2 
tool (A Measurement Tool to Assess Systematic Reviews, 
version 2) [25]. According to the AMSTAR 2 guidelines, 
a review was classified as high quality when it presented 
no critical weaknesses and, at most, one non-critical weak-
ness in the 16 assessment domains. High-quality reviews 
should adequately address all critical domains, including 
a clearly defined research question and inclusion criteria 
(PICO), a comprehensive literature search strategy, justifi-
cation for excluded studies, appropriate assessment of the 
risk of bias in the included studies, adequate methods for 
meta-analysis, when applicable, and consideration of the 
risk of bias in the interpretation of results. Reviews that 

https://www.prisma-statement.org/
https://www.prisma-statement.org/
https://www.covidence.org/
https://www.covidence.org/


1342	 G. De la Torre Canales et al.

met these criteria were considered to provide a high level 
of confidence in the validity and reliability of their conclu-
sions. Data were analysed independently by two reviewers 
(RLP and GDC), and any discrepancies were resolved by 
consensus (Supplementary Information 3).

2.7 � Data Extraction

Data extraction was performed independently by two 
reviewers (PC and TF) using a standardised and previously 
tested form. Any discrepancies in data extraction were 
resolved through discussion with a third author acting 
as a referee (GDC). The extracted information included: 
authors, type of systematic review, year of publication, 
objectives, diagnostic criteria, patient age, treatment 
groups, number and date range of database searches, date 
range, number and type of studies included in each review, 
instruments for evaluating primary studies and their qual-
ity, methods of evidence synthesis/analysis, and outcome 
measures.

2.8 � Data Synthesis

Data synthesis and verification were performed indepen-
dently by two reviewers (NC and GDC). The results were 
systematically compiled into structured tables and sum-
marised using a color-coded visualisation approach. This 
scheme was designed to facilitate rapid interpretation of both 
the direction of the effect and the certainty: green denoted 
favourable results and/or absence of adverse events; orange 
reflected absence of significant differences and/or mild 
adverse events; and red indicated unfavourable results and/or 
moderate to severe adverse events. This visual strategy was 
adopted to increase the clarity and comparability of efficacy 
and safety results, while ensuring a transparent presenta-
tion of the evidence. In addition, overlap between systematic 
reviews was assessed descriptively by mapping the primary 
RCTs included across reviews for trigeminal neuralgia and 
postherpetic neuralgia. A formal corrected covered area 
(CCA) analysis was not performed.

2.9 � Meta‑Analyses

The included systematic reviews presented variety in the 
outcomes assessed, the analytical methods used, and the 
units of measurement employed (such as mean difference, 
standardised mean difference, weighted mean difference, 
relative risk, and odds ratio). This diversity resulted in a 
limited number of reviews that could be combined in each 
meta-analysis. For this reason, it was decided not to per-
form a quantitative synthesis of the data. Therefore, the 

conclusions of the present umbrella review were based on 
a synthesis and critical appraisal of review-level evidence 
rather than on de novo quantitative pooling of patient-level 
or primary trial-level data.

3 � Results

3.1 � Study Selection

Across all databases, the literature search identified 2181 
records. After removal of 658 duplicates, 1523 records were 
screened, of which 1449 were excluded for ineligibility. A 
total of 74 articles underwent full-text review. Following 
full-text assessment, 37 articles were excluded, and 37 sys-
tematic reviews were assessed for methodological quality, 
using the AMSTAR-2 tool. Of these, 27 systematic reviews 
were classified as low (n = 14) and critically low (n = 13) 
quality and were excluded from the umbrella review. Con-
sequently, 10 systematic reviews, including 5 rated as high 
quality and 5 as moderate quality, were included in the final 
synthesis (Fig. 1).

3.2 � Study Characteristics

The 10 systematic reviews included were published between 
2015 and 2024. Most reviews included RCTs comparing 
BoNT-A injections with placebo (commonly saline). Some 
systematic reviews also included observational studies and 
comparisons with other pharmacological or interventional 
treatments. According to the included reviews, the number 
of primary studies ranged from 1 to 23, and the number 
of participants varied depending on the condition, reaching 
739 individuals with TN [18, 19, 26, 27] and 125 with PHN 
[18, 19, 28]. Seven of the included systematic reviews con-
ducted quantitative syntheses (meta-analyses) [26, 28–33]. 
The characteristics of the included systematic reviews are 
summarised in Table 1.

3.3 � Overlap of Primary Studies Across Systematic 
Reviews

Considerable overlap of primary randomised controlled tri-
als was identified across the included systematic reviews, 
particularly for TN. Several reviews included the same pla-
cebo-controlled BoNT-A trials, especially the studies by Wu 
et al. (2012), Shehata et al. (2013), Zúñiga et al. (2013), and 
Zhang et al. (2014) [34–37]. Overlap among PHN reviews 
was comparatively lower but still present, mainly involving 
the studies by Apalla et al. (2013) and Xiao et al. (2010) 
[38, 39]. To improve transparency and facilitate interpreta-
tion of the review-level evidence, the overlap of primary 
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randomised controlled trials across included systematic 
reviews was mapped descriptively (Tables 2, 3).

3.4 � Doses and Injection Protocols

Botulinum toxin type A was administered using variable 
dosing regimens and injection protocols depending on the 
neuropathic pain condition and study design. Overall, total 
doses ranged from approximately 15–300 U per treatment 
session [18, 19, 26, 28]. Across the included studies, both 
fixed-site and “follow-the-pain” approaches were used, 
reflecting variability in injection patterns, number of sites, 
and total dose administered. Different BoNT-A formulations 
were reported across studies [26, 28].

In TN, BoNT-A was most administered in single-session 
protocols using doses typically ranging from 25 to 100 U, 
although higher doses of up to 200 U were also reported [18, 
19, 26, 27]. Injections were performed subcutaneously or 
intradermally along the distribution of the affected trigemi-
nal branches, following a multi-point injection technique. 
The number of injection sites varied across studies, generally 
ranging from a few targeted points to approximately 15–25 
sites, with 2.5–5 U per injection point [18, 26, 27].

In PHN, BoNT-A was typically injected within the 
affected dermatomal area using multi-point injec-
tion approaches. Total doses ranged from 100 to 300 
U depending on the size of the painful area, with up to 
40 injection sites reported in some studies [18, 19, 28]. 
Both single-session and repeated injection protocols were 
described, with follow-up intervals of approximately 12 
weeks in studies including multiple treatment sessions 
[18, 19, 28].

3.5 � Quantitative Findings

Most of the included systematic reviews investigated the 
pain-reducing effects of BoNT-A for the assessed condi-
tions using the Visual Analogue Scale (VAS) or Numeri-
cal Rating Scale (NRS). Several reviews also evaluated 
treatment response, typically defined as a ≥ 50% reduc-
tion in pain intensity, whereas fewer reviews assessed 
quality-of-life outcomes. Adverse events associated with 
BoNT-A treatment were reported in most of the included 
systematic reviews. A quantitative presentation of these 
outcomes is shown in Tables 4, 5, 6, 7, 8, 9, 10 and 11.

Table 3   Descriptive overlap assessment of primary randomised controlled trials for postherpetic neuralgia across included systematic reviews

BoNT-A botulinum toxin type A, F female, IM intramuscular, M male, NR not reported, PBO placebo, PHN post-herpetic neuralgia, QoL quality 
of life, RCT​ randomized controlled trial, SC subcutaneous, U units, VAS visual analogue scale
Only primary randomised controlled trials that could be clearly identified within the included systematic reviews were mapped

Original 
BoNT-A 
study
Disorder

Type Number of 
subjects

Age BoNT-A type, 
dose (dose/side)

Injection
p/muscle

Control Outcome Included in 
studies (n)

Included 
in studies 
(authors)

Apalla, 2013
Greece
PHN

RCT​
Double-

blind, 
placebo-
controlled

Parallel

30
BoNT-A: 

8M, 7F
PBO: 10M, 

5F

NR range
BoNT-A 

mean 
73.2 y

PBO mean 
77.5 y

Botox®

100 U affected 
dermatomes

5 U per injec-
tion site

Single ses-
sion

40 SC injec-
tions (≥ 1 
cm apart) 
over pain-
ful der-
matome

Saline solu-
tion

Pain (VAS)
Sleep score
Mainte-

nance 
of pain 
reduction

5 Wen 2020; 
Hary 
2022; 
Siongco 
2020; 
Soliman 
2025; 
Finnerup 
2015

Xiao, 2010
China
PHN

RCT​
Double-

blind, 
placebo-
controlled

Parallel

60
32F, 28M

42–84 y
Mean 68 y

BoNT-A (Lan-
zhou Biologi-
cal Products 
Institute, 
China)

Up to 200 U 
total injected 
across affected 
dermatome(s)

Dose adjusted 
according to 
allodynia area

Single ses-
sion

SC injec-
tions 
mapped 
to painful 
dermat-
ome

Number of 
injection 
points NR

Saline solu-
tion

lidocaine 
active 
control

Pain (VAS)
Sleep dura-

tion
Opioid use

4 Wen 2020; 
Hary 
2022; 
Siongco 
2020; 
Finnerup 
2015
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Table 4   Table presenting quantitative findings regarding the effect of BoNT-A treatment on pain intensity in trigeminal neuralgia

BoNT-A botulinum toxin type A, CI confidence interval, MA meta-analysis, MD mean difference, NR not reported, SMD standard mean differ-
ence, TN trigeminal neuralgia

Author, year Outcome intervention(s) No. studies/
no. partici-
pants

Results/findings Heterogeneity

Hu et al, 2024 Pain intensity BoNT-A vs placebo/base-
line, 1mo

4/178 Significant reduction [MD − 2.36 (95% CI 
− 3.86, − 0.87), p = 0.002]

I2 = 0%, p = 0.416

Pain intensity BoNT-A vs placebo/base-
line, 2 mo

4/178 Significant reduction [MD − 2.54 (95% 
CI  −4.13, − 0.95), p = 0.002]

I2 = 11.6%, p = 0.335

Pain intensity BoNT-A vs placebo/base-
line, 3 mo

4/178 Significant reduction [MD − 4.05 (95% CI 
− 6.13, − 1.97), p = 0.002]

I2 = 2.0%, p = 0.002

Pain intensity BoNT-A 13/484 Significant reduction [MD − 5.19 (95% CI 
− 6.05, − 4.33), p?]

I2 = 89.6%, p = 0.001

Pain intensity BoNT-A, up to 6 mo follow-
up

4/NR Mean pain reduction [MD − 5.88 (95% CI 
− 8.37, − 3.39), p?]

I2 = 96.8%, p < 0.001

Pain attack frequency BoNT-A, 3–6 mo 8/279 Significant reduction [MD − 17.85 (95% 
CI − 23.36, − 12.34), p < 0.001]

I2 = 72.1%, p < 0.001

Hary, 2022 Pain intensity BoNT-A vs placebo, 1 mo 9/505 Moderate-quality evidence [MD − 1.87 
(95% CI − 2.91, − 0.83), p?] NNT = 3

I2 = 90%

Pain intensity BoNT-A vs placebo, 3 mo 6/505 Moderate-quality evidence [MD − 1.38 
(95% CI − 1.95, − 0.81), p?] NNT = 7

I2 = 0%

Morra, 2016 Pain intensity BoNT-A vs placebo, 1 mo 3/114 Significant reduction [MD − 2.89 (95% CI 
− 4.66, − 1.12), p = 0.001]

I2 = 20%, p = 0.29

Pain intensity BoNT-A vs placebo, 2 mo 4/150 Significant reduction [MD − 2.47 (95% CI 
−3.96, − 0.99), p = 0.001]

I2 = 22%, p = 0.28

Pain intensity BoNT-A vs placebo, 3 mo 3/98 Significant reduction [MD − 3.43 (95% CI 
− 5.21, − 1.64), p = 0.0002]

I2 = 48%, p = 0.14

Pain attack frequency BoNT-A vs placebo, 
end of follow-up (≈ 2–3 mo)

2/62 Significant reduction [MD − 29.79 (95% 
CI − 38.50, − 21.08), p < 0.00001]

I2 = 36%, p = 0.21

Siongco, 2020 Pain reduction BoNT-A vs placebo (neuro-
pathic pain MA incl. TN) ≤ 3 mo

Not reported Significant reduction favouring BoNT-A 
[SMD − 0.5463, p < 0.001]

I2 = 67.3%

Table 5   Table presenting quantitative findings regarding the effect of BoNT-A treatment on responder rate and clinical improvement in trigemi-
nal neuralgia

BoNT-A botulinum toxin type A, CI confidence interval, MA meta-analysis, MTC mixed treatment comparison, N/A not applicable, NNT number 
needed to treat, OR odds ratio, RR risk ratio, TN trigeminal neuralgia

Author, year Outcome intervention(s) No. studies/no. participants Results/findings Heterogeneity

Finnerup, 2015 Pain relief ≥ 50% reduction (neuro-
pathic pain including TN) BoNT-
A vs placebo)

6/137 (BoNT-A trials 
assessed for risk of bias)

Clinically meaningful pain relief 
favouring BoNT-A; pooled NNT 
1.9–2.5 for ≥ 50% pain reduction

Not reported

Hu et al, 2024 Responder rate (≥ 50% pain reduc-
tion) BoNT-A, end of treatment 
period (≈ 3–6 mo)

10/672 Response proportion 70.7% [(95% 
CI 0.653–0.761), p = 0.003]

Not reported

Morra, 2016 Responder rate (> 50% pain reduc-
tion) BoNT-A vs placebo, end of 
follow-up (2–3 mo)

2/122 Significant improvement [RR 2.87 
(95% CI 1.76–4.69), p < 0.0001]

I2 = 4%, p = 0.31

Yang, 2018 Response rate BoNT-A vs placebo 
(pairwise MA), short-term follow-
up

2/126 Significant improvement [OR 3.57 
(95% CI 1.85–7.14), p?]

N/A

Response rate BoNT-A vs placebo 
(network meta-analysis), mixed 
follow-up

13/672 BoNT-A superior to placebo [OR 
14.0 (95% CI 3.9–56.0), p?]

Sridharan, 2017 Adequate pain relief BoNT-A vs 
placebo

11/not reported Low-quality evidence [OR 10.24 
(95% CI 4.60–25.14), p?]

No significant difference

N/A (Bayesian MTC)
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3.5.1 � Effect of BoNT‑A Treatment on Pain Intensity in TN 
and PHN

Evidence on TN pain intensity reduction showed vari-
able heterogeneity across studies (Tables 4, 5, 6, 7, 8, 9, 
10, 11). Most systematic reviews evaluated changes in 
pain intensity following BoNT-A injections compared 
with baseline or placebo. The overall findings gener-
ally favoured BoNT-A treatment, with reductions in pain 
intensity consistently reported after treatment [26, 28–30]. 
Follow-up evidence from 1–3 months further indicated 
that BoNT-A was associated with improvements in pain 
intensity over time [26, 28–30]. Across the included meta-
analyses [26, 29, 30], BoNT-A was consistently associ-
ated with reductions in pain intensity in patients with TN. 
These findings were observed both in comparisons with 
baseline and in randomised comparisons with placebo. 
Pooled analyses also indicated reductions in attack fre-
quency following BoNT-A treatment in TN. The magni-
tude of the effect varied across studies, with considerable 
heterogeneity reported [26, 29] (Tables 4, 5, 6, 7, 8, 9, 10, 
11). Reported pooled effect estimates for pain reduction 
ranged approximately from MD − 1.38 to − 5.88 across 

different follow-up periods, whereas heterogeneity varied 
from low to substantial (I2 ranging from 0 to 96.8%).

Postherpetic neuralgia pain intensity reduction showed 
variability across studies (Table 8). Most systematic reviews 
evaluated BoNT-A against placebo, consistently reporting 
greater reductions in pain intensity following BoNT-A 
administration [28, 30]. Evidence from one network meta-
analysis showed higher diminution of pain intensity after 
BoNT-A injections compared with subcutaneous infiltra-
tions of lidocaine; however, direct comparative data between 
BoNT-A and active interventions were limited and inconsist-
ent with other interventional and pharmacological treatments 
[26, 32]. The overall findings generally favoured BoNT-A 
treatment, with reductions in pain intensity reported after 
treatment. Pooled analyses [28, 30], supported by evidence 
from interventional network meta-analysis [32], indicated 
short-term (1–3 months) improvements in pain intensity fol-
lowing BoNT-A administration. However, effect estimates 
varied across studies, with moderate to high heterogeneity 
observed [28, 30] (Tables 4, 5, 6, 7, 8, 9, 10, 11). Reported 
heterogeneity in pooled PHN analyses ranged up to 98%, 
reflecting variability in study design, injection protocols, and 
outcome assessment.

Table 6   Table presenting quantitative findings regarding the effect of BoNT-A treatment on quality of life in trigeminal neuralgia

BoNT-A botulinum toxin type A, SMD standard mean difference

Author, year Outcome Intervention(s) No. studies/no. participants Results/findings Heterogeneity

Hary, 2022 Sleep score BoNT-A vs placebo, 1 mo 3/134 Moderate-quality evidence [SMD − 0.75 
(95% CI − 2.02, 0.52), p?]

I2 = 91%

Sleep score BoNT-A vs placebo, 3 mo 2/104 Moderate-quality evidence [SMD − 0.04 
(95% CI − 0.43, 0.34), p?]

I2 = 0%

Table 7   Table presenting quantitative findings regarding the effect of BoNT-A treatment on AEs in trigeminal neuralgia

AE adverse event, BoNT-A botulinum toxin type A, CI confidence interval, NNH number needed to harm, N/A not applicable, RR risk ratio

Author, year Outcome intervention(s) No. studies/no. participants Results/findings Heterogeneity

Finnerup, 2015 AEs/tolerability 6/137 (BoNT-A trials 
assessed for risk of bias)

Low risk of treatment discon-
tinuation due to AEs; NNH ≈ 
83 based on pooled absolute 
risk differences

Heterogeneity assessed using 
I2 statistics and L’Abbé 
plots (numerical I2 not 
reported)

Hary, 2022 Pain during injection BoNT-A 
vs placebo

Not reported High-quality evidence [RR 
0.99 (95% CI 0.89–1.10), p 
= 0.86]

I2 = 0%

Hu, 2024 Injection-related AEs 4/178 Facial asymmetry, oedema 
(3.70%), haematoma (2.78%); 
mild/transient

N/A

Morra, 2016 Injection-related AE 4/178 Facial asymmetry and oedema/
haematoma at injection site; 
mild and transient; no serious 
AEs reported

N/A

Bendtsen, 2019 Clinical tolerability recom-
mendation

Guideline BoNT-A acceptable add-on 
therapy; very-low certainty 
evidence

N/A
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Table 8   Table presenting quantitative findings regarding the effect of BoNT-A treatment on pain intensity in post-herpetic neuralgia

BoNT-A botulinum toxin type A, CI confidence interval, MA meta-analysis, MD mean difference, N/A not applicable, NMA network meta-analy-
sis, NNT number needed to treat, PHN post-herpetic neuralgia, SMD standard mean difference

Author, year Outcome intervention(s) No. studies/no. participants Results/findings Heterogeneity

Wen, 2020 Pain intensity BoNT-A vs other 
pharmacological treatments, 1 wk

2/90 direct BoNT-A trials; 
network total 12/702

Significant reduction favouring 
BoNT-A [MD − 3.81 (95% CrI 
− 5.28, − 2.35), p?]

N/A (Bayesian NMA)

Pain intensity BoNT-A vs nerve 
block, 1 wk

Significant reduction favouring 
BoNT-A [MD − 2.55 (95% CrI 
− 4.21, − 0.98), p?]

Pain intensity BoNT-A vs pulsed 
radiofrequency (PRF), 1 wk

Significant reduction favouring 
BoNT-A [MD − 1.61 (95% CrI 
− 3.22, − 0.05), p?]

Pain intensity BoNT-A vs stellate 
ganglion block, 1 wk

Significant reduction favouring 
BoNT-A [MD − 3.78 (95% CrI 
− 5.67, − 1.86), p?]

Pain intensity BoNT-A vs other 
pharmacological treatments, 1 mo

Significant reduction favouring 
BoNT-A [MD − 6.92 (95% CrI 
− 9.96, − 3.79), p?]

Pain intensity BoNT-A vs nerve 
block, 1 mo

Significant reduction favouring 
BoNT-A [MD − 6.81 (95% CrI 
− 10.18, − 3.35), p?]

Pain intensity BoNT-A vs pulsed 
radiofrequency (PRF), 1 mo

Significant reduction favouring 
BoNT-A [MD − 5.10 (95% CrI 
− 8.35, − 1.82), p?]

Pain intensity BoNT-A vs stellate 
ganglion block, 1 mo

Significant reduction favouring 
BoNT-A [MD − 6.43 (95% CrI 
− 10.06, − 2.73), p?]

Hary, 2022 Pain intensity BoNT-A vs placebo 
(peripheral neuropathic pain incl. 
PHN), 1 mo

9/505 Moderate-quality evidence [MD 
− 1.87 (95% CI − 2.91, − 0.83), 
p?] NNT 3;

I2 = 90%

Pain intensity BoNT-A vs placebo 
(peripheral neuropathic pain incl. 
PHN), 3 mo

6/219 Moderate-quality evidence [MD 
− 1.38 (95% CI − 1.95, − 0.81), 
p?]; NNT 7;

I2 = 98%

Siongco, 2020 Pain reduction BoNT-A vs placebo 
(neuropathic pain MA incl. PHN), 
mixed follow-up

Not reported Significant reduction favouring 
BoNT-A, [SMD − 0.5463; p?]

I2 = 67.3%, p = 0.000

Table 9   Table presenting quantitative findings regarding the effect of BoNT-A treatment on responder rate and clinical improvement in post-
herpetic neuralgia

BoNT-A botulinum toxin type A, NNT number needed to treat, PHN post-herpetic neuralgia, SMD standard mean difference

Author, year Outcome intervention(s) No. studies/no. participants Results/findings Heterogeneity

Finnerup, 2015 Responder rate (≥ 50% pain 
reduction) (neuropathic 
pain incl. PHN) BoNT-A vs 
placebo

6/137 (BoNT-A trials assessed 
for risk of bias)

Significant pain relief favour-
ing BoNT-A; NNT 1.9–2.5 
for ≥ 50% pain reduction 
based on pooled absolute 
risk differences

Not reported

Soliman, 2025 Pain relief responders (refrac-
tory peripheral neuropathic 
pain incl. PHN), ≥ 3-wk 
follow-up

6/pooled sample size not 
explicitly reported

Moderate certainty [SMD 
0.5 (0.2–0.9); NNT 2.7 
(1.8–5.1), p?]

Heterogeneity not separately 
reported for BoNT-A 
subgroup
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3.5.2 � Responder Rate and Clinical Improvement in TN 
and PHN

For TN, most systematic reviews evaluated responder rates 
(≥ 50% pain reduction) following BoNT-A injections com-
pared with placebo. The overall findings generally favoured 
BoNT-A treatment, with higher responder rates consistently 
reported [18, 26, 29] (Table 5). Follow-up assessments, typi-
cally ranging from 2 to 3 months, indicated sustained treat-
ment response over time [26, 29]. Across the included meta-
analyses and network meta-analyses, BoNT-A was associated 
with improved responder rates in patients with TN [26, 29, 
31]. Reported responder rates for ≥ 50% pain reduction gener-
ally ranged from approximately 70% in pooled analyses, with 
odds ratios favouring BoNT-A over placebo ranging from 2.87 
to 14.0 across reviews. However, the magnitude of treatment 
response varied across studies, and some analyses reported 

low-certainty evidence or inconsistent findings [33] (Tables 4, 
5, 6, 7, 8, 9, 10, 11).

Treatment response in PHN was reported by a limited num-
ber of the included reviews (Table 9). Generally, compared 
with placebo, BoNT-A treatment showed higher response rates 
[18, 19]. Follow-up data were limited but suggested short-
term (1–3 months) improvements after treatment. However, 
heterogeneity was not consistently reported in the included 
meta-analyses, limiting the interpretation of between-study 
variability (Tables 4, 5, 6, 7, 8, 9, 10, 11).

3.5.3 � Effect of BoNT‑A Treatment on Quality of Life in TN 
and PHN

Evidence on quality-of-life outcomes after BoNT-A treat-
ment for TN and PHN was limited (Tables 6 and 10). 
Only one systematic review with meta-analysis assessed 

Table 10   Table presenting quantitative findings regarding the effect of BoNT-A treatment on quality of life in post-herpetic neuralgia

BoNT-A botulinum toxin type A, CI confidence interval, PHN post-herpetic neuralgia, SMD standard mean difference

Author, year Outcome Intervention(s) No. studies/no. participants Results/findings Heterogeneity

Hary, 2022 Sleep score BoNT-A vs placebo (periph-
eral neuropathic pain incl. PHN), 1 mo

3/134 Moderate-quality evidence [SMD − 0.75 
(95% CI − 2.02, 0.52), p?]

I2 = 91%

Sleep score BoNT-A vs placebo (periph-
eral neuropathic pain incl. PHN), 3 mo

2/104 Moderate-quality evidence [SMD − 0.04 
(95% CI − 0.43, 0.34), p?]

I2 = 0%

Table 11   Table presenting quantitative findings regarding the effect of BoNT-A treatment on AEs in post-herpetic neuralgia

AEs adverse events, BoNT-A botulinum toxin type A, CI confidence interval, LLLT low-level laser therapy, MA meta-analysis, MCID minimally 
clinically important difference, MD mean difference, MMO maximal mouth opening NNH number needed to harm, PHN postherpetic neuralgia, 
RCT​ randomized controlled study, RR risk ratio, SMD standard mean difference, SR systematic review, TMD temporomandibular disorders, 
WMD weighted mean difference

Author, year Outcome intervention(s) No. studies/no. participants Results/findings Heterogeneity

Finnerup, 2015 Adverse events/tolerability 6/137 (BoNT-A trials 
assessed for risk of bias)

Low risk of treatment discon-
tinuation due to AEs; NNH ≈ 
83 based on pooled absolute 
risk differences

Heterogeneity assessed using 
I2 statistics and L’Abbé 
plots (numerical I2 not 
reported)

Hary, 2022 Pain during injection BoNT-A 
vs placebo

3/111 High-quality evidence [RR 
0.99 (95% CI 0.89–1.10), p 
= 0.86]

I2 = 0%

Neurological AEs BoNT-A vs 
placebo

2/133 [RR 1.72 (95% CI 0.73–4.09), 
p?]

I2 = 0%

Digestive AEs BoNT-A vs 
placebo

2/133 [RR 0.41 (95% CI 0.04–3.97), 
p?]

I2 = 57%

Soliman, 2025 Withdrawals due to AEs 
(refractory peripheral 
neuropathic pain incl. PHN), 
≥ 3 wk

8/317 Moderate certainty [NNH 
216.3 (23.5–∞), p?]

Not reported

Wen, 2020 AEs Not reported Safety outcomes described 
narratively; no pooled PHN-
specific quantitative estimates 
available

N/A (MA not performed)
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Table 12   Summary of evidence 
regarding botulinum toxin A 
(BoNT-A) treatment in orofacial 
neuropathic pain conditions

 Summary of evidence regarding Botulinum toxin A (BoNT -A) treatment in orofacial 
neuropathic pain conditions
a-1. Effect of BoNT-A treatment on pain intensity in trigeminal neuralgia 
Author, year Outcome BoNT-A vs placebo or other treatments
Hary, 2022 Pain 

intensity

BoNT-A showed significant reductions in pain intensity 

compared with placebo at both short-term follow-ups

Hu et al., 2024 Pain 

intensity

BoNT-A showed significant reductions in pain intensity and 

pain attack frequency compared to placebo across multiple 

follow-up periods

Morra, 2016 Pain 

intensity

BoNT-A showed significant reductions in pain intensity and 

attack frequency compared with placebo at short-term 

follow-up

Siongco, 2020 Pain 

intensity

BoNT-A showed significant improvements in pain 

reduction across neuropathic pain conditions including 

trigeminal neuralgia

a-2. Effect of BoNT-A treatment on pain intensity in post-herpetic neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Hary, 2022 Pain 

intensity

BoNT-A showed significant improvements compared with 

placebo at short-term follow-ups

Siongco, 2020 Pain 

intensity

BoNT-A showed significant pain reduction compared with 

placebo across neuropathic pain conditions including post-

herpetic neuralgia

Wen, 2020 Pain 

intensity

BoNT-A demonstrated significant reductions in pain 

intensity compared with several interventional treatments

b-1. Effect of BoNT-A treatment on responder rate in trigeminal neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Finnerup, 2015 Responder 

rate 

(≥50% pain 

reduction)

Clinically meaningful pain relief favouring BoNT-A 

compared with placebo

Hu et al., 2024 Responder 

rate 

(≥50% pain 

reduction)

BoNT-A demonstrated high responder rates

Morra, 2016 Responder 

rate 

(≥50% pain 

reduction)

BoNT-A showed significantly higher responder rates 

compared with placebo

Sridharan, 2017 Responder 

rate

BoNT-A showed improved pain relief compared with 

placebo, although the certainty of evidence was low

Yang, 2018 Responder 

rate

BoNT-A demonstrated higher response rates compared with 

placebo in network meta-analysis

b-2. Effect of BoNT-A treatment on responder rate in post-herpetic neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Finnerup, 2015 Responder 

rate 

(≥50% pain 

reduction)

Clinically meaningful pain relief favouring BoNT-A 

compared with placebo

Soliman, 2025 Pain relief 

responders

BoNT-A demonstrated clinically meaningful pain relief 

compared with placebo

c-1. Effect of BoNT-A treatment on quality of life in trigeminal neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Hary, 2022 Sleep score BoNT-A showed improvements in sleep-related outcomes, 

although results were not statistically significant

c-2. Effect of BoNT-A treatment on quality of life in post-herpetic neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Hary, 2022 Sleep score BoNT-A showed improvements in sleep-related outcomes, 

although results were not statistically significant
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these outcomes, focusing exclusively on sleep-related 
measures [28]. Botulinum toxin type A showed reduc-
tions in sleep disturbance scores and increases in sleep 
duration, with some findings significant versus base-
line or placebo [28]. However, pooled analyses did not 
demonstrate statistically significant differences between 
BoNT-A and placebo for these outcomes [28] (Tables 4, 
5, 6, 7, 8, 9, 10, 11).

3.5.4 � Adverse Events of BoNT‑A Treatment in TN and PHN

For TN, AEs were generally mild and transient. The most 
reported events were injection-related reactions, including 
facial asymmetry, oedema, and haematoma at the injection 
site. Some analyses also reported pain during injection, 
although the frequency of these events was comparable 
between BoNT-A and placebo (Table 7).

Table 12   (continued) d-1. Table summarizing the evidence from quantitative research synthesis regarding the effect 

of BoNT-A on adverse events in trigeminal neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Bendtsen, 2019 Adverse 

events

BoNT-A acceptable add-on therapy with very low certainty 

evidence

Finnerup, 2015 Adverse 

events

Low risk of treatment discontinuation due to adverse events

Hary, 2022 Adverse 

events

Adverse events were generally mild and comparable to 

placebo

Hu, 2024 Adverse 

events

Adverse events (facial asymmetry, edema, hematoma) were 

few and generally mild and transient

Morra, 2016 Adverse 

events

Injection-related adverse events were mild and transient 

with no serious complications reported

d-2. Table summarizing the evidence from quantitative research synthesis regarding the effect 

of BoNT-A on adverse events in post-herpetic neuralgia
Author, year Outcome BoNT-A vs placebo or other treatments
Finnerup, 2015 Adverse 

events

Low risk of treatment discontinuation due to adverse 

events.

Hary, 2022 Adverse 

events

Adverse events were generally mild and comparable to 

placebo

Soliman, 2025 Adverse 

events

Low risk of treatment withdrawal due to adverse events

Wen, 2020 Adverse 

events

Safety described narratively; no pooled PHN-specific 

quantitative estimates.

Green color indicates a positive outcome in the synthesis. For treatment outcome that indicates an 

effect favouring BoNT-A in comparison to either placebo or other treatments of trigeminal and post-

herpetic neuralgia. When it comes to adverse events that indicates that there is a low risk for adverse 

events.

Orange color indicates an uncertain outcome in the synthesis. For treatment outcome that indicates an 

effect that does not favour BoNT-A but can be similar to either placebo or other treatments of 

trigeminal and post-herpetic neuralgia. When it comes to adverse events it indicates moderate risk for

adverse events.

Red color indicates an absence of or very low effect outcome in the synthesis. For treatment outcome 

that indicates an effect that does not favour BoNT-A but instead favours either placebo or other 

Green colour a positive outcome in the synthesis. For treatment outcome that indicates an effect 
favouring BoNT-A in comparison to either placebo or other treatments of trigeminal and PHN. 
When it comes to AEs that indicates that there is a low risk for AEs
Orange colour indicates an uncertain outcome in the synthesis. For treatment outcome that indi-
cates an effect that does not favour BoNT-A but can be similar to either placebo or other treatments 
of trigeminal and PHN. When it comes to AEs it indicates moderate risk for AEs
Red colour indicates an absence of or very low effect outcome in the synthesis. For treatment out-
come that indicates an effect that does not favour BoNT-A but instead favours either placebo or 
other treatments of trigeminal and PHN. When it comes to adverse events it indicates high risk for 
AEs
AEs adverse events, BoNT-A botulinum toxin A, PHN post-herpetic neuralgia
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Regarding PHN, AEs were also mild and transient and 
were reported by a limited number of systematic reviews 
with meta-analysis. The most reported AEs were local injec-
tion-related reactions, including oedema and haematoma at 
the injection site (Table 11).

Overall, BoNT-A treatment is generally well tolerated in 
patients with TN and PHN.

3.6 � Synthesis of Evidence

Table 12 summarises the evidence from the quantitative 
research synthesis regarding the effects and AEs following 
BoNT-A treatment. Overall, quantitative evidence indi-
cates generally favourable effects of BoNT-A compared 
with placebo for TN and with placebo or other active treat-
ments for PHN across pain intensity, attack frequency, 
and responder rate outcomes. The included meta-analyses 
reported reductions in pain intensity following BoNT-A 
treatment when compared to placebo/short-term follow-
ups 1–3 months) for both TN and PHN [26, 28–30, 32]. It 
was reported that attack frequency was also reduced fol-
lowing BoNT-A treatment when compared to placebo in 
short-term follow-ups (1–3 months) [26, 29]. Responder 
rate outcomes also suggested meaningful reductions in 
pain intensity following BoNT-A treatment, with higher 
response rates generally reported among patients receiv-
ing BoNT-A compared with placebo or other interventions 
for TN and PHN. Evidence on quality-of-life outcomes 
was limited and derived from a single systematic review, 
which reported improvements in sleep-related outcomes 
that were not statistically significant. Reported AEs were 
generally mild and transient, and the risk of treatment 
discontinuation due to AEs was low. Overall, although 
heterogeneity across studies was observed, the available 
evidence suggests that BoNT-A is a safe treatment that 
may provide beneficial effects in the management of TN 
and PHN pain.

4 � Discussion

This umbrella review synthesises evidence from moderate- 
to high-quality systematic reviews on the use of BoNT-A 
for trigeminal neuralgia and PHN, two clinically important 
models of peripheral neuropathic pain. Overall, the avail-
able evidence indicates that BoNT-A may provide short-
term reductions in pain intensity, attack frequency, and 
increased responder rates, while maintaining a favourable 
safety profile. However, the magnitude and consistency of 
effect varied across reviews, particularly in PHN, reflect-
ing substantial heterogeneity at several levels. Clinical 
heterogeneity included differences in patient phenotypes, 
disease chronicity, and pain characteristics. Intervention 

heterogeneity involved variation in BoNT-A formulations, 
doses, dilution protocols, injection depth, and injection-
site strategies. Methodological heterogeneity was related 
to differences in study design, risk of bias, and duration 
of follow-up, whereas outcome heterogeneity reflected 
the use of different pain scales, responder definitions, and 
patient-reported outcomes. Taken together, these findings 
support BoNT-A as a clinically relevant option in care-
fully selected patients, while also highlighting the need 
for better standardisation and longer-term data especially 
in terms of its effects on attack frequency in TN.

The clinical effects observed in this review should be 
interpreted in light of the pathophysiology of TN and PHN. 
In TN, focal demyelination at the trigeminal root entry 
zone, most commonly related to neurovascular compres-
sion, promotes ectopic impulse generation, high-frequency 
discharges, and ephaptic transmission between adjacent 
fibres [7, 12]. This results in the characteristic paroxysmal 
pain attacks and may also facilitate peripheral sensitisation, 
with secondary central amplification over time. In PHN, by 
contrast, varicella-zoster virus-induced damage to primary 
afferents and dorsal root ganglion neurons leads to persis-
tent peripheral nociceptor dysfunction, spontaneous activity, 
deafferentation, and central sensitisation [14, 15]. Although 
the initiating lesions differ, both disorders involve abnormal 
peripheral input that can sustain central nociceptive gain. 
This shared feature is important because it provides a bio-
logical rationale for local BoNT-A treatment, particularly in 
focal neuropathic pain states [40].

A key point is that the analgesic effect of BoNT-A is not 
explained solely by muscle atrophy. Experimental work indi-
cates that, after uptake into peripheral sensory terminals, 
BoNT-A cleaves SNAP-25 and interferes with vesicular 
exocytosis, thereby reducing the release of glutamate, sub-
stance P, and calcitonin gene-related peptide (CGRP). This 
reduces peripheral sensitisation and neurogenic inflamma-
tion, mechanisms that are especially relevant in neuropathic 
pain characterised by allodynia and hyperalgesia [21, 40]. 
This peripheral mode of action is probably the most clini-
cally relevant explanation for the benefits seen in TN and 
PHN, where treatment is delivered directly into the painful 
territory. This provides a coherent mechanistic explanation 
for the clinical effects observed in this review.

In addition, mechanistic studies suggest that BoNT-A 
can modulate nociceptor function more broadly by affect-
ing pronociceptive signalling pathways in primary afferents. 
Of particular interest for neuropathic pain, experimental 
data indicate downregulation of pronociceptive ion-channel 
expression in sensory ganglia, including Nav1.7 and Tran-
sient Receptor Potential Vanilloid 1 (TRPV1), together with 
suppression of inflammatory mediators. This is mechanisti-
cally attractive in TN, where sodium-channel dysregulation 
is thought to contribute to ectopic firing in injured trigeminal 
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fibres and is one of the reasons why systemic sodium chan-
nel blocking medications such as carbamazepine have such 
low number-needed-to-treat statistics [7, 40, 41]. However, 
this point should be presented with some caution: although 
altered sodium-channel expression may be part of the down-
stream biology associated with BoNT-A analgesia, direct 
sodium-channel blockade does not appear to be established 
as its principal mechanism, and recent preclinical work has 
suggested that the analgesic effect may even be sodium-
channel independent [42]. Thus, it may be more accurate to 
state that BoNT-A can modulate ion channel-related excit-
ability rather than to claim a direct sodium-channel blocking 
action.

The work by Matak and colleagues is particularly use-
ful for framing these mechanisms. Their studies support the 
view that BoNT-A shows selectivity for sensitised nocicep-
tive systems rather than for normal acute nociception, and 
that TRPV1-expressing, capsaicin-sensitive afferents are 
important targets. They also provide evidence for cleaved 
SNAP-25 in central terminals after peripheral applica-
tion, supporting axonal transport from the periphery to the 
trigeminal nucleus caudalis or dorsal horn [21, 43]. These 
observations suggest that at least part of the central effect 
may arise from reduced transmitter release from primary 
afferent terminals after peripheral uptake.

From a clinical interpretation standpoint, the peripheral 
effect is likely the dominant one in TN and PHN. This mat-
ters because it helps explain why BoNT-A may be particu-
larly attractive in focal peripheral neuropathic pain, where 
a treatment delivered into the painful field can reduce noci-
ceptive input without the systemic adverse effects associ-
ated with oral therapies. Any central effects of BoNT-A are 
best regarded as complementary or secondary, potentially 
contributing to attenuation of central sensitisation once 
abnormal peripheral input has been reduced. Experimental 
literature supports retrograde transport and reduced activ-
ity in central nociceptive structures, but the relative clini-
cal importance of these central effects in humans currently 
remains less certain than the peripheral actions [21, 40, 
43]. This distinction is clinically relevant, as it supports the 
rationale for targeting localised neuropathic pain conditions 
with peripherally delivered treatments.

The present findings are also clinically relevant when 
viewed against current treatment recommendations. The 
Neuropathic Pain Special Interest Group (NeuPSIG) of 
IASP continues to place BoNT-A as a third-line treatment 
option for neuropathic pain, with use mainly in peripheral 
neuropathic pain conditions [18, 19]. In the 2025 update, 
this remained a weak recommendation based on moderate-
certainty evidence, balancing efficacy, safety, accessibility, 
and cost [19]. This positioning is consistent with the present 
umbrella review: BoNT-A is not yet a first-choice treatment, 
but it represents a valuable option in selected patients with 

focal peripheral neuropathic pain, particularly when first- 
and second-line treatments are insufficient, poorly tolerated, 
or contraindicated.

The efficacy results in this umbrella review should there-
fore be interpreted cautiously and in the context of hetero-
geneous study designs and outcome measures. Reductions 
in pain intensity, attack frequency, and higher responder 
rates were observed most consistently in TN, whereas the 
PHN evidence base was smaller and more heterogeneous. 
This difference may reflect not only the smaller number of 
studies in PHN, but also biological variability related to dis-
ease chronicity, extent of deafferentation, and the balance 
between peripheral and central drivers of pain. If BoNT-A 
acts primarily by suppressing abnormal peripheral input, it 
is plausible that patients with a stronger peripheral sensiti-
sation phenotype may benefit more than those with more 
established centralisation or severe deafferentation pain [19, 
40]. This remains an important hypothesis for future strati-
fied clinical research.

In terms of safety, the present review aligns with the 
broader neuropathic pain literature in showing that BoNT-A 
is generally well tolerated. Adverse events were mostly local 
and transient, such as injection-site discomfort, oedema, 
haematoma, or temporary facial asymmetry, with very low 
discontinuation rates. For clinicians, this favourable toler-
ability profile is highly relevant, particularly in older patients 
and in those who cannot tolerate dizziness, sedation, cogni-
tive blunting, or drug interactions associated with systemic 
agents [18, 19]. Thus, even when efficacy is modest on aver-
age, BoNT-A may still offer an advantageous risk-benefit 
balance in selected patients.

Several implications for future research emerge from this 
review. First, future trials should better standardise BoNT-
A dose ranges, dilution protocols, injection depth, number 
of injections, injection site selection, re-treatment intervals, 
and formulation equivalence, since substantial intervention 
heterogeneity remains a major barrier to interpretation and 
clinical implementation. Similar concerns regarding stand-
ardisation and translation of BoNT-A into routine clinical 
practice have also been highlighted in recent discussions 
on chronic orofacial pain management [44]. Second, future 
studies should distinguish more clearly between TN pheno-
types and between PHN patients with predominantly evoked 
pain versus ongoing spontaneous pain, as these may reflect 
different mechanisms and treatment responsiveness. Third, 
studies with longer follow-up and repeated treatment cycles 
are needed to determine durability, cumulative benefit, and 
optimal retreatment intervals. Finally, mechanistic clinical 
studies linking sensory phenotyping to treatment response 
may be especially informative, given that current preclinical 
data suggest that BoNT-A acts preferentially on sensitised 
nociceptor populations [19, 21, 40, 43].
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From a practical clinical perspective, BoNT-A should be 
viewed as an adjunctive treatment for focal peripheral neu-
ropathic pain rather than as a replacement for established 
first-line therapies. In TN and PHN, it may be especially 
useful in patients with localised pain, mechanical allodynia, 
inadequate response to oral medication, or poor tolerabil-
ity of systemic treatment. Its mechanism of action, centred 
primarily on peripheral nociceptive terminals with possible 
secondary central consequences, makes it conceptually dif-
ferent from conventional oral agents and may partly explain 
why some otherwise treatment-refractory patients still obtain 
benefit. Therefore, BoNT-A should currently be regarded as 
an adjunctive and selectively applied treatment rather than 
a broadly applicable routine therapy for neuropathic pain.

4.1 � Limitations and Strengths

Despite these strengths, the present umbrella review has 
limitations. It depends on previously published systematic 
reviews and therefore inherits limitations of the underly-
ing primary studies, including small sample sizes, variable 
risk of bias, and non-standardised outcome reporting. The 
follow-up periods were predominantly short, and patient-
centred outcomes such as functioning and quality of life 
were insufficiently reported. In addition, grey literature 
sources were not systematically searched, and publication 
bias therefore cannot be excluded. Furthermore, several 
included systematic reviews shared overlapping primary 
RCTs, particularly in trigeminal neuralgia. Although over-
lap was assessed descriptively, a formal corrected covered 
area analysis was not performed. Therefore, the apparent 
consistency of findings may partly reflect repeated inclusion 
of the same primary studies. Nevertheless, by restricting 
inclusion to moderate- and high-quality reviews, this study 
aimed to provide a more methodologically robust synthesis 
of the currently available evidence. However, this approach 
may have reduced comprehensiveness and excluded parts of 
the broader evidence landscape, particularly findings from 
reviews with lower methodological quality.

5 � Conclusion

Botulinum toxin type A appears to provide short-term pain 
relief with a favourable tolerability profile in selected patients 
with trigeminal neuralgia and PHN, with evidence support-
ing reductions in pain intensity and responder rates. Although 
heterogeneity in treatment protocols and limited long-term 
data preclude definitive conclusions regarding optimal use, 
current evidence supports BoNT-A primarily as an adjunctive 

third-line option for selected patients with focal peripheral 
neuropathic pain, and the available findings should therefore 
be interpreted cautiously.

Within the current therapeutic landscape, BoNT-A should 
be regarded as a clinically relevant and mechanism-based 
adjunct for patients who do not achieve sufficient benefit 
from first- and second-line treatments, particularly in selected 
patients with localised pain presentations. Future high-quality 
trials are essential to standardise treatment protocols, identify 
responder phenotypes, and define the long-term role of BoNT-
A in neuropathic pain management.
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