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The International Association for the Study of 
Pain defines pain as “an unpleasant sensory 
and emotional experience associated with 

actual or potential tissue damage.”1 Pain can be 
classified as neuropathic, nociceptive, or mixed. 
Nociceptive pain results from tissue damage.2 Neu-
ropathic pain results from disturbance or damage 
to the somatosensory system, either peripheral or 
central, culminating in allodynia, hyperalgesia, or 
dysesthesia.

Peripheral neuropathic pain is believed to 
result from peripheral nerve damage leading to 
nerve ending irritation and higher concentrations 
of neurotransmitters and pain modulators, such 
as substance P, glutamate, and calcitonin gene-
related peptide (CGRP). Repetitive nerve ending 
damage results in local inflammation, lowered 
nociceptive threshold to stimuli, and ultimately in 
continued pain.

Botulinum neurotoxin type A (BoNTA) 
received its first U.S. Food and Drug Administra-
tion approval in 1989 for the treatment of strabis-
mus and blepharospasm, and since that time, the 
approved indications for Botox (Allergan, Irvine, 

Calif.) have grown to include overactive bladder, 
urinary incontinence, extremity spasticity, cervical 
dystonia, severe axillary hyperhidrosis, blepharo-
spasm, strabismus, chronic migraine headache, 
and the temporary improvement of glabellar, 
lateral canthal, and forehead rhytides.3 In addi-
tion to these indications, the reported uses of 
BoNTA have expanded to include the treatment 
of multiple painful conditions, commonly repre-
senting an off-label use (Table 1). In many ave-
nues of medicine, the application of botulinum 
neurotoxin and its chemodenervating effects are 
well established. However, the exact mechanisms 
in its application to painful conditions are com-
monly only partially understood and still being 
elucidated.

BOTULINUM TOXIN PAIN MECHANISM 
OF ACTION

Botulinum neurotoxin is naturally produced 
by the anaerobic, spore-forming bacteria Clostrid-
ium.4,5 The toxin causes flaccid paralysis at periph-
eral skeletal and autonomic nerve terminals by 
entering the cytosol of the nerve terminals and 

Disclosure: Dr. Hehr and Dr. Schoenbrunner have 
no financial disclosures to report. Dr. Janis receives 
royalties from Thieme Publishing.Copyright © 2020 by the American Society of Plastic Surgeons

DOI: 10.1097/PRS.0000000000006559

Jason D. Hehr, M.D.
Anna R. Schoenbrunner, 

M.D.
Jeffrey E Janis, M.D.

Columbus, Ohio

Summary: Pain is an unpleasant experience resulting from either tissue dam-
age or insults to the somatosensory system. Approaches to pain management 
evolve as we better understand both pain pathways and the tools available 
to interrupt these. The interest surrounding botulinum neurotoxin as a che-
modenervating agent has expanded to include its potential applications in 
painful pathologies, both within and beyond the confines of plastic surgery. In 
this article, the authors discuss botulinum neurotoxin’s mechanism of action 
as it pertains to both muscular paralysis and its interplay in the modulation 
of proinflammatory pain mediators. In addition, the authors review evidence 
supporting the use of botulinum neurotoxin in common painful conditions, in 
order to prepare the readership to aptly provide their patients with evidence-
based recommendations. After reading this article, the participant should be 
able to discuss both mechanism of action and common applications of botuli-
num neurotoxin in painful conditions. (Plast. Reconstr. Surg. 145: 629e, 2020.)

From the Department of Plastic and Reconstructive Surgery, 
Ohio State University Wexner Medical Center.
Received for publication April 2, 2019; accepted July 11, 
2019.

The Use of Botulinum Toxin in Pain 
Management: Basic Science and  
Clinical Applications

10.1097/PRS.000000000000173310.1097/01.PRS.0000082208.37239.5B10.1038/nrmicro329510.1016/j.pain.2003.10.00810.1124/pr.116.01265810.1016/j.toxicon.2012.10.02010.1016/j.jmb.2015.10.02410.3390/toxins708312710.1242/jcs.01221110.1016/j.urology.2007.12.05710.1111/apm.1245810.1016/j.juro.2007.07.12010.1254/jphs.11060fp10.1016/j.jpain.2005.09.00610.1523/JNEUROSCI.2618-11.201110.1016/j.neuroscience.2011.04.02610.1016/j.toxicon.2017.05.00110.1016/j.pneurobio.2014.06.00110.1177/107385841452463310.3390/toxins711451910.1097/00006534-199407000-0000910.1111/j.1526-4610.2005.05066.x10.1111/j.1526-4610.2005.05068.x10.1111/j.1526-4610.2011.01990.x10.1097/PRS.0b013e3181f95a0110.1097/PRS.000000000000157210.1046/j.1468-2982.23.s1.1.x10.1097/GOX.000000000000127010.1111/j.1365-2362.2004.01324.x10.1016/j.hcl.2014.09.00310.1097/00002508-200211001-0000210.2146/ajhp05013710.2174/15701610978735410510.1111/1346-8138.1303010.1016/j.jhsa.2010.09.01910.1097/PRS.0b013e3181a8057610.1016/j.jhsa.2008.11.02610.1007/s00268-013-2211-610.2147/JPR.S3229910.1111/j.1526-4637.2008.00554.x10.1097/AJP.0b013e3182264fe910.1186/1129-2377-14-9210.3109/00207454.2015.101962410.1186/1129-2377-15-6510.2147/JPR.S16865010.1111/j.1526-4637.2010.01003.x10.1097/AJP.0b013e31827a72d210.1212/WNL.000000000000388210.1212/01.wnl.0000345968.05959.cf10.12659/msm.89735010.1097/01.AOG.0000237100.29870.cc10.1097/SPV.000000000000017710.1136/bmj.328.7454.1490

SPECIAL TOPIC

https://doi.org/10.1097/PRS.0000000000006559


630e

Plastic and Reconstructive Surgery • March 2020

Table 1. Treatment Indications for Botulinum Neurotoxin

Painful  
Condition GRADE Level of Evidence Key Findings Weakness/Limits

Migraine  
headache

High Mathew et al.,25 I
Dodick et al.,26 I

Reduced HA frequency,  
severity, and acute  
medication

High placebo effect, difficulty blinding 
long term

  Aurora et al.,27 I Reduced HA frequency, MH 
days, and HA hours

Some outcome measures not powered  
sufficiently, no active comparator for 
MH prophylaxis at time of study

  Janis et al.,31 III Reduced MHI, HA days/
month, and MH severity

Small sample, unmatched baseline MH 
characteristics

Trigeminal 
neuralgia

Moderate Shehata et al.,45 II Reduced pain and acute 
weekly medication use

Blinded only to participant, small sample, 
unclear if matched cohorts

  Xia et al.,46 II Reduced pain, sleep  
interference, anxiety/
depression scores

Only a treatment cohort, no comparative 
outcomes

  Zhang et al.,47 II Reduced pain Small cohort size, power not documented
  Meng et al.,48 I Reduced pain up to 24 weeks Multiple neuralgia etiologies, relatively 

small sample size, heterogeneity of 
results compared

Postherpetic 
neuralgia

Moderate Xiao et al.,49 II Improved pain and sleep, 
reduced opioid use

Participant opioid use not controlled, 
dose-response unknown due to varied 
injection technique

  Apalla et al.,50 II Improved pain and sleep Small sample, yet powered, single  
injection study limits applicability to 
patients with sustained pain

Urologic/ 
pelvic floor

Moderate Wang et al.,54 I Improved pelvic pain,  
interstitial cystitis, and 
decreased daytime  
urination

Limited studies with small sample sizes 
and poorly defined methods, variability 
in BoNTA dose across studies, short 
follow-up among studies in setting of 
chronic medical condition

  Abbott et al.,55 I Reduction in dyspareunia  
and nonmenstrual pelvic 
pain

Potential psychosocial confounding in 
vulnerable patient population, larger 
placebo effect than expected, concern 
for type II error

  Morrissey et al.,56 II Improvement in dyspareunia 
and quality-of-life scores

Small sample size, lack of control arm, 
concern for interobserver error,  
pudendal nerve block at time of admin-
istration represents possible confounder

Abdominal 
wall

Low Zendajas et al.,41 III Improved pain and lower  
morphine equivalent use

Small sample size, not matched on hernia 
size, not controlled for nonnarcotic 
analgesia

Vasospastic 
hand

Low Neumeister et al.,39 III Pain resolution, healed  
ulcerations, increased  
perfusion

Retrospective, uncontrolled case series, no 
placebo

  Neumeister,38 III Reduced pain, improved tis-
sue perfusion

Multiple possible confounders

  Motegi et al.,37 V Decreased relative Raynaud’s 
scores, improved pain and 
skin temperature, healed 
ulceration

Case series, small sample, lack of control, 
varied severity of Raynaud’s phenom-
enon

  Fregene et al.,40 III Improved pain, transcutaneous 
oxygenation, healed  
ulceration

Retrospective, without control, varied 
injection sites

Diabetic  
neuropathy

Low Yuan et al.,52 II Improved pain Small sample size, unknown if powered

  Ghasemi et al.,53 II Reduced pain and other 
peripheral neuropathy 
symptoms

Small sample, unknown if powered,  
short-term, 3-week results reported

Phantom limb Very low Jin et al.,43 V Reduced pain and  
medication use

Case report (n = 3), varied BoNTA dose

  Wu et al.,44 II Improved residual limb pain, 
but not phantom limb pain 
from baseline, no difference 
between treatment cohorts

Small sample size, unmatched baseline 
pain

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; HA, headache; MH, migraine headache; MHI, Migraine 
Headache Index.
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cleaving SNAP-25 SNARE proteins, thereby inhib-
iting acetylcholine release.6 Within six hours, 
skeletal muscle weakness can be noted, although 
it commonly requires seven days for full clinical 
paralysis to be evident. This effect can last between 
3 and 6 months, subverted by newly developed 
axons and neuromuscular junctions.5

BoNTA also prevents the release of substance 
P through the same mechanism.7 This process is 
mediated by the molecule’s light chain (L chain) 
through five steps: binding to the nerve terminal, 
internalization within the endocytic compart-
ment, translocation of the L chain across vesicle 
membrane, release of the L chain into cytosol, 
and cleavage of SNARE proteins.8

There were traditionally seven serotype clas-
sifications of botulinum neurotoxin, each with 
distinct immunologic characteristics; next-genera-
tion sequencing has identified unique botulinum 
neurotoxins that promise novel properties and 
therapeutic indications.8 BoNTA has proven to be 
the most efficacious for human use, with the best 
safety profile and widest therapeutic indications.8,9 
Each serotype of botulinum neurotoxin has a 
unique binding affinity and duration of action; 
this is an active area of research focused on new 
therapeutic toxins and indications.10

Botulinum toxin’s effects on skeletal muscle 
are well established. The mechanisms whereby 
it affects pain pathways are less well known. Glu-
tamate, CGRP, and substance P are known to 
be potent pain mediators and proinflammatory 
neuromodulators. Similar to motor nerves, sen-
sory nerves are also capable of toxin uptake, and 
BoNTA has been shown to decrease or block the 
release of these pain mediators peripherally from 
nerve terminals and dorsal root ganglia, as well 
as central nerves within the spinal cord.4,11–14 It 
has also been found to decrease inflammation 
around peripheral nerve terminals by inhibit-
ing release of proinflammatory mediators, most 
importantly glutamate.7 In addition, it downreg-
ulates the expression of cyclooxygenase 2, a key 
enzyme that converts arachidonic acid to prosta-
glandins—mediators of inflammation and pain.15 
The summation of these effects is believed to pre-
vent sensitization of peripheral nerves, thereby 
inhibiting hyperactivity and reducing central 
sensitization.4

Similar to antiepileptic drugs, botulinum 
toxin has been shown to inhibit sodium chan-
nels.16 This is important in the treatment of 
neuropathic pain because sodium channels prop-
agate nerve impulses as afferent impulse electri-
cal discharges.17 By inhibiting sodium channels, 

nociceptive signals cannot be transmitted to the 
central nervous system.

There is emerging evidence to suggest that 
the A1 serotype undergoes retrograde transport 
within sensory neurons through active retroax-
onal transport.18,19 This was proven during investi-
gations into the antinociceptive effects of BoNTA 
in treating rheumatoid and osteoarthritis pain 
via the downregulation of the transient receptor 
potential vanilloid 1 (TRPV1) channel.20 TRPV1 
channels are predominantly located in dorsal root 
ganglia and are involved in transmitting noxious 
stimuli to the central nervous system. Peripher-
ally injected BoNTA was found within dorsal root 
ganglia and resulted in decreased expression of 
TRPV1. This provides further evidence to sug-
gest that the toxin has systemic antinociceptive 
effects.21–23

PLASTIC SURGERY RELATED USES OF 
BOTULINUM TOXIN FOR PAIN

Migraine Headache: GRADE, High Quality
Table 2 lists the Grading of Recommenda-

tions, Assessment, Development, and Evaluations 
(GRADE) rating for the use of BoNTA in migraine 
headache. 

Its U.S. Food and Drug Administration 
approval in 2010 for the treatment of chronic 
migraines (15 or more days/month) likely repre-
sents the most notable pain pathology that Botox 
(Allergan) has been shown to treat. The use of 
BoNTA for migraine headache was first reported in 
1994, when it was discovered to incidentally relieve 
migraine headaches in patients being treated for 
hyperfunctional glabellar lines.24 Early 2000 phase 
II data from randomized, controlled trials for the 
use of BoNTA for prophylaxis of migraine head-
ache described significant findings in secondary 

Table 2.  Grading of Recommendations, Assessment, 
Development, and Evaluations57

GRADE  
Designation Definition

High Further research is very unlikely to change our 
confidence in the estimate of effect.

Moderate Further research is likely to have an important 
impact on our confidence in the estimate of 
effect and/or may change the estimate.

Low Further research is very likely to have an 
important impact on our confidence in the 
estimate of effect and is likely to change the 
estimate.

Very low Any estimate of effect is very uncertain.
GRADE, Grading of Recommendations, Assessment, Development, 
and Evaluations.
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endpoints, including a greater than 50 percent 
reduction in headache frequency, severity, and use 
of acute medication (level I evidence).25,26 In 2011, 
Aurora et al.27 published their 56-week PREEMPT 
(Phase III REsearch Evaluating Migraine Pro-
phylaxis Therapy) double-blind, parallel-group, 
placebo-controlled study in which 1384 patients 
were randomized into receiving five cycles, at 
5-week intervals, consisting of 31 fixed-site, fixed-
dose injections of 155 U of onabotulinumtoxin A, 
or 195 U across 39 sites (an additional 40 U was 
administered across the occipitalis, temporalis, 
and trapezius). The treatment group was found 
to have significant decreases in headache-day fre-
quency, frequency of migraine days, moderate/
severe headache days, and total headache hours 
on headache days (level I evidence).27

Current U.S. Food and Drug Administration 
approval for the use of Botox is based on the 
injection of 155 U across 31 sites. With the advent 
of migraine surgery, the plastic surgery com-
munity largely utilizes BoNTA as a tool for the 
diagnosis of cervicofacial migraine trigger sites 
in which to target peripheral nerves for surgical 
decompression.28

In 2015, Guyuron et al.29 detailed their expe-
rience and algorithmic approach in the identifi-
cation of trigger sites. Surgical decompression 
is based on the idea of peripherally mediated 
migraine headache secondary to the sensitiza-
tion of trigeminal nerves at the peripheral level, 
followed by the release of proinflammatory neu-
ropeptides, resulting in sterile meningitis and 
migraine headaches.30 Although BoNTA has been 
shown to inhibit the release of proinflammatory 
neuropeptides, it is likely also its chemodener-
vating property in which compressive, irritat-
ing muscle contractions on peripheral nerves 
are inhibited, mitigating peripheral triggers of 
migraine headache.

This off-label approach has been studied as 
a long-term therapy for migraine headache, as 
retrospectively reported by Janis et al.31 in 2017 
(level III evidence). Rather than using the pat-
tern approved by the Food and Drug Adminis-
tration, Janis et al. offered lower-dose “targeted 
peripheral nerve–directed” Botox (Allegan) injec-
tions. Results showed significant improvement 
in Migraine Headache Index score (53.5 ± 83.0, 
p < 0.006), headache days/month (9.2 ± 12.7, p 
< 0.0009), and migraine severity (2.6 ± 2.5, p < 
0.00008) as compared with baseline. Moreover, 
they reported continued Migraine Headache 
Index score improvement until “steady-state” 
injections were reached (p < 0.002), with follow-up 

of more than 600 days. Ultimately however, they 
reported better Migraine Headache Index score 
improvement with surgery as compared with long-
term Botox (p < 0.05).

Common adverse events reported in the 
above studies were consistent with the known 
onabotulinumtoxin A safety profile. Most readily 
documented adverse events were muscular weak-
ness, neck pain, blepharoptosis, and headache. 
Few patients withdrew from prospective studies 
secondary to intolerable adverse events.

Vasospastic Disorders of the Hand: GRADE, Low
The role for botulinum neurotoxin in the 

treatment of digital vessel vasospasm, or Raynaud 
phenomenon, has been discussed since 2004.32 
BoNTA is reported as beneficial in patients who 
have failed conservative/medical management 
and represents an alternative to digital artery 
sympathectomies. There exist several compet-
ing theories regarding the precise mechanism of 
action of BoNTA in vasospastic disorders of the 
hand,33 including inhibition of sympathetic and 
sensory nerves, inhibition of inflammatory neu-
ropeptides, regulation of signal transduction,7,34,35 
inhibition of smooth muscle contraction through 
alterations in calcium and nitric oxide sensitiv-
ity,36 and blockage of norepinephrine release with 
decreased adrenergic receptor expression.37

Neumeister38 has described his technique for 
injection in which patients receive 10 U of BoNTA 
adjacent to the neurovascular bundle just proxi-
mal to the A1 pulley. He retrospectively reported 
his experience in 2009 (level III evidence)39 and 
2010 (level III evidence).38 In 2009, he described 
19 patients with ischemic pain who received 50 
to 100 U of Botox. Sixteen of 19 patients (84 
percent) reported resolution of pain, with 13 
reporting immediate relief. All patients with digi-
tal ulceration healed within 60 days. Twelve of 
19 patients received only a single injection and 
remained pain-free at last follow-up (range, 13 to 
59 months). More than 70 percent of patients (10 
of 14) with laser Doppler scans of the hands dem-
onstrated increased perfusion within 30 minutes 
of injection. The most notable complication was 
intrinsic muscle weakness (n = 3), lasting up to 2 
months. His 2010 study detailed 28 of 33 patients 
(85 percent) reporting reduced pain at rest. Tis-
sue perfusion via laser Doppler studies demon-
strated a range from −48.15 percent to 317.39 
percent change in blood flow to digits.

Several case reports have detailed the effi-
cacy of BoNTA in the treatment of digital vaso-
spasm.32,37–40 Motegi et al.37 (level V evidence) 
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reported 10 Japanese patients all with diag-
nosed systemic scleroderma and Raynaud’s phe-
nomenon. The most severely affected digit was 
injected with 10 U of BoNTA on both sides and 
proximal to the A1 pulley. Relative Raynaud 
scores decreased to 60 percent of baseline at 4 
weeks (p < 0.05) and 40 percent at 16 weeks after 
injection (p < 0.01). In addition, pain rated on 
a visual analog scale decreased to 70 percent of 
baseline (p < 0.05) at 2 weeks and approximately 
20 percent at 16 weeks after injection (p < 0.01). 
There was also an improvement (p < 0.05) in rel-
ative skin temperature recovery after cold stimuli 
as early as 4 weeks. All patients with intractable 
digital ulceration (n = 5) at time of injection 
healed their ulceration by 12 weeks. The only 
adverse event reported was injection site pain. 
They specifically note that reduction in muscle 
contraction force was not observed; however, no 
further detail is provided describing how this was 
measured.

Fregene and colleagues40 (level III evidence) 
retrospectively reviewed their experience in 26 
patients with Raynaud’s. Injection sites varied 
from the distal palm along the superficial arch 
(83 percent) to the digital arteries (38 percent) 
and the proximal hand at the level of the radial 
and ulnar arteries (13 percent), with 42 percent 
of patients receiving multisite injections. An aver-
age of 77 U of Botox were injected per encounter 
(range, 10 to 100 U). Average visual analog scale 
score decreased from 8.1 ± 2.3 to 5.2 ± 2.5, rep-
resenting a 35 percent pain reduction (p < 0.01). 
Transcutaneous oxygenation improved (p < 0.05), 
while subjective skin color change was not signifi-
cantly altered (p = 0.43). Eleven of 23 patients (48 
percent) with ulceration healed within 9.5 weeks 
of first injection, with nine digits proceeding to 
amputation. Intrinsic hand weakness was reported 
in six patients, without a statistically significant 
relationship to injection site, and resolved within 
5 months.

Abdominal Wall Reconstruction: GRADE, Low 
Quality

Zendejas et al.41 (level III evidence) reported 
their retrospective case-control series in patients 
undergoing incisional hernia repair with chemi-
cal component paralysis via BoNTA injections. 
The 300 U were dispersed among six injection 
sites (subcostal, anterior axillary, and lower quad-
rants bilaterally). Injections started within the 
transversus abdominis layer, with the external 
and internal oblique muscles being infiltrated on 
withdrawal.

Their series included 22 patients who under-
went BoNTA chemical component paralysis and 
66 controls. Thirteen patients received chemical 
component paralysis at the time of surgery, with 
the remaining receiving injections 1 to 19 days 
before surgery. All chemical component paralysis 
patients had underlay mesh placement, as com-
pared with 77 percent of controls (p < 0.02) with 
three of them requiring prior mesh explantantion 
as compared with no controls (p = 0.01). Chemi-
cal component paralysis patients used fewer mor-
phine equivalents on hospital days 2 and 5 and 
reported less pain on days 2 and 4 (p < 0.007). 
Although not statistically significant (p = 0.08) or 
available in all patients, hernia size in the chemi-
cal component paralysis group averaged 59.7 cm2 
(n = 9) as compared with 117.5 cm2 in controls 
(n = 39). This group noted no BoNTA injection-
related adverse events in their study cohort.

Phantom Limb Pain: GRADE, Very Low Quality
Phantom limb pain occurs after amputation; 

the etiology is multifactorial and can be broadly 
categorized as central, spinal, and peripheral in 
origin.42 A case series by Jin et al.43 detailed the 
injections of three lower extremity amputee 
patients with up to 500 U of BoNTA under elec-
tromyography guidance. They reported improve-
ment on a three-point scale, as well as significant 
reduction in pain scores and pain medication use. 
Moreover, they reported improved prosthetic tol-
erability and gait stability while documenting no 
injection-related adverse events (level V evidence).

A prospective, randomized study of 14 ampu-
tee patients who received either 250 to 300 U of 
Botox or a combination of 1 percent lidocaine 
and 10 mg of methylprednisolone injected into 
each trigger point found immediate improvement 
in both groups lasting up to 6 months in resid-
ual limb pain and pain tolerance. Phantom limb 
pain was not improved. In addition, there was no 
statistically significant difference in residual limb 
or phantom limb pain between the two groups as 
measured by visual analog scores44 (level II evi-
dence). No adverse events were reported.

NON–PLASTIC SURGERY–RELATED 
USES OF BOTULINUM TOXIN FOR PAIN

Trigeminal Neuralgia: GRADE, Moderate
Trigeminal neuralgia presents as unilateral, 

electric-type pain, isolated to one or more divi-
sions of the trigeminal nerve, and significantly 
impacts quality of life. Medical management is 
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often inconsistent and ineffective, with reported 
failure rates of 50 percent.45

A 2013 randomized, single blinded, placebo-
controlled study45 (level II evidence) detailed 
20 patients with trigeminal neuralgia; 10 were 
injected with 40 to 60 U of BoNTA (5 U per site, 
eight to 12 sites) in a “follow the pain” method. 
Significant pain reduction was found at 12 weeks 
(p < 0.0001), with visual analog scores decreased 
by 6.5 in the treatment group as compared with 
0.3 for the placebo group. There was a decrease 
in the amount of acute weekly medications being 
used (p < 0.001) and an increase in quality-of-life 
metrics (p < 0.0001). Complications included 
facial asymmetry in four treatment patients.

A 2016 prospective study46 (level II evidence) 
detailed 87 patients with single-branch trigeminal 
neuralgia who received 75 to 100 U of BoNTA 
along 15 to 20 sites. Visual analog scale scores 
decreased (p < 0.001) weekly, with baseline scores 
of 6.59 ± 2.18 and week 8 scores reported as 1.95 
± 1.96 (p < 0.001). Anxiety and depression scores 
decreased every week (p < 0.001). Sleep interfer-
ence scores were also decreased (p < 0.01), while 
quality-of-life measures increased (p < 0.01).

In addition, a 2014 randomized, double 
blinded, placebo-controlled trial compared low-
dose (25 U) and high-dose (75 U) BoNTA versus 
placebo in 80 patients. Visual analog scale scores 
were reduced at week 1 and were sustained through 
week 8 for both groups (p < 0.017, p < 0.017). Using 
the Patient Global Impression of Change to deter-
mine intervention response, 67 percent (25 U) and 
76 percent (75 U) reported symptoms as being at 
least much improved as compared with the placebo 
group (level II evidence).47 Reported adverse events 
included three patients with facial asymmetry (two 
in the 25-U cohort and one in the 75-U cohort) and 
transient injection site edema in two patients.

Lastly, a 2018 meta-analysis48 (level I evidence) 
reviewed 495 patients (266 BoNTA and 229 
saline), comparing the use of BoNTA for the treat-
ment of neuralgia. The authors reported a signifi-
cant reduction in pain for the BoNTA group as 
compared with the saline group at 4 weeks (p = 
0.04), 12 weeks (p < 0.00001), and 24 weeks (p = 
0.009). There was no difference in sleep or quality 
of life. Of note, in the trigeminal neuralgia sub-
set (n = 104), 14 patients (12.9 percent) reported 
facial asymmetry following injection.

Postherpetic Neuralgia: GRADE, Moderate
Postherpetic neuralgia is an extremely pain-

ful, difficult-to-treat sequela following the reactiva-
tion of zoster virus. Targeting the antinociceptive 

effects of BoNTA, Xiao et al.49 reported their 
randomized, double-blinded, placebo-controlled 
study in which BoNTA was compared against 0.5 
percent lidocaine and saline placebo in 60 patients. 
Visual analog scale pain reporting decreased for 
the BoNTA group as compared with both the lido-
caine and placebo groups at day 7 and 3 months 
(p < 0.01). Mean pain scores decreased by 4.5 in 
the BoNTA group, as compared with 2.6 and 2.9 
in the lidocaine and placebo groups, respectively 
(p < 0.05). The BoNTA cohort showed improved 
sleep, a quality-of-life measure, at day 1 and 3 
months (p < 0.01), as well as decreased opioid 
use at day 7 and 3 months (p < 0.01) (level II evi-
dence).49 No adverse events other than injection 
site pain were reported.

In addition, Apalla et al.50 reported their 
30-patient, randomized, double-blind, placebo-
controlled trial in patients with postherpetic 
neuralgia. All treatment patients received 100 U 
of BoNTA to the surrounding area of tactile allo-
dynia. Among the treatment patients, 87 percent 
(n = 13) experienced a minimum 50 percent 
reduction from the preinjection visual analog 
scale score, while none in the placebo group met 
this metric (p < 0.001). Pain improvement was 
achieved at day 7 on average and was sustained for 
up to 16 weeks. The treatment group also expe-
rienced improved sleep, which continued until 
week 16 (p < 0.001) (level II evidence).50 Injection 
site pain was the only reported tolerability issue 
in this study. However, no patients withdrew from 
the study and none were able to recognize treat-
ment based on discomfort.

Diabetic Neuropathy: GRADE, Moderate
The Centers for Disease Control and Preven-

tion estimates that 9.4 percent of the U.S. popu-
lation is diagnosed with diabetes, with 30 percent 
to 50 percent developing peripheral neuropathy 
during their lifetime.51 While anticonvulsants 
and antidepressants remain the mainstay of treat-
ment, BoNTA has been investigated for the treat-
ment of diabetic neuropathy. In a double-blind 
crossover control trial,52 18 patients with diabetic 
neuropathy underwent 12 injections of 50 U 
total of BoNTA into the dorsum of the foot; the 
control group received saline (level II evidence). 
There were significant reductions in the BoNTA 
cohort’s visual analog scale scores at 1, 4, 8, and 
12 weeks (p < 0.05). A similar double-blind ran-
domized control trial of 40 patients with diabetic 
neuropathy reported 20 patients who received 
100 U of BoNTA to the dorsum of the foot.53 The 
treatment group showed a significant reduction 
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in visual analog scale pain scores as compared 
with the placebo group (p < 0.01), as well as 
reduced scores for electric shocks, burning pain, 
and pins and needles sensation (p < 0.05) (level 
II evidence).

Urology: GRADE, Moderate Quality
A meta-analysis of intravesical botulinum toxin 

for interstitial cystitis and bladder pain found 
that botulinum toxin improved pelvic pain and 
interstitial cystitis scores and decreased daytime 
urination (level I evidence).54 The only signifi-
cant adverse event noted was increased postvoid 
residual, as noted in four of the studies. Moreover, 
a double-blind, randomized, placebo controlled 
trial of 60 women with chronic pelvic pain found 
a significant reduction in dyspareunia and non-
menstrual pelvic pain scores after injection of 80 
U of BoNTA into the pelvic floor muscles (level I 
evidence).55 The most common adverse event was 
vaginal bleeding at the injection site. Otherwise, 
there were no significant adverse events within 
the treatment group as compared with the con-
trol group. A further prospective open-label pilot 
study of 21 women with high-tone pelvic floor dys-
function who underwent injection of up to 300 U 
of BoNTA via electromyography guidance found 
improvement in Global Response Assessment, 
dyspareunia visual analog scale, Female Sexual 
Distress Scale, and quality-of-life scores (level II 
evidence).56 Notable adverse events centered on 
worsening of preexisting conditions (i.e., con-
stipation, stress urinary incontinence, and fecal 
incontinence). New-onset urinary incontinence 
developed in one patient.

CONCLUSIONS
The evolution of botulinum neurotoxin from 

a cosmetic agent to a treatment modality for mul-
tiple painful pathologies represents an exciting 
and minimally invasive treatment option for many 
patients. As we identify additional pathologies 
amenable to this intervention, it is arguably more 
important to further elucidate botulinum neuro-
toxin’s mechanism of action in the treatment of 
pain. If we can more clearly understand its ideal 
site of interference on peripheral triggers of pain, 
we may be able to more aptly apply it to painful 
pathologies in the future.
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