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Preface

Since the first edition of this book in 2015, much has developed regarding the basic 
and the clinical science of botulinum neurotoxin (BoNT) therapy in pain disorders. 
Basic scientists discovered new pain receptors upon which BoNTs exert their anal-
gesic effects and introduced several engineered BoNT chimeras that can specifically 
target peripheral pain terminals as well as central neurons. Furthermore, basic sci-
entists have shown that part of BoNT’s analgesic effect is conducted via the toxins’ 
central action. After peripheral injection of BoNT-A, the cleaved SNAP 25 can 
reach the spinal cord and brain stem sensory neurons through retrograde transfer 
and, while in the CNS, the toxin can travel from cell to cell via the phenomenon of 
transcytosis. Further proof for central action of the BoNT-A comes from reduction 
of the pain and inflammation caused by peripheral stimulation when the toxin is 
applied directly to the dura matter.

On the clinical side, high-quality studies have shown new areas of the toxin’s 
efficacy such as temporomandibular pain syndrome and pain associated with brux-
ism. Long-term clinical trials have demonstrated continued toxin efficacy and 
improvement of quality of life after repeated BoNT-A injections in patients with 
chronic migraine as well as some other pain disorders.

This edition (second edition) consists of 20 chapters, 3 of which are new addi-
tions. There is a chapter on the history of botulinum neurotoxins. One chapter per-
tains to BoNT therapy in the field of dentistry and another chapter provides 
information on BoNT therapy for pain disorders in veterinary medicine.

I would like to thank Fattaneh Tavassoli, MD, for her editorial assistance. Drs. 
Tahere Mousavi, Damoun Safarpour, and Shahroo Etemad-Moghadam have kindly 
provided drawings for this book. I am thankful to Carolyn Spence from Springer for 
her continuous support and encouragement. I hope this book with its new informa-
tion on BoNT therapy in pain disorders will be helpful to both clinicians and basic 
scientists.
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I am indebted to many patients who during my 42 years of practicing medicine 
provided me affection and moral support. Their kindness and enthusiasm made me 
look into new modes of treatment both as a clinician and a researcher.

New Haven, CT, USA Bahman Jabbari  
January 2022
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Chapter 1
The History of Botulinum Neurotoxin 
Development

 Introduction

The outbreaks of a disease condition characterized by muscle paralysis have been 
known in Germany since 1736. A German physician named Muller coined the term 
botulism for this illness since these outbreaks often followed consumption of spoiled 
sausage; in Latin, botulus means sausage. Interestingly, a much earlier reference to 
problems with spoiled sausage can be traced to a decree ordered by Byzantine 
emperor Leo the IV (750–780 AD) prohibiting citizens from eating blood sausage 
[1]. It was another German physician, Justinus Kerner (Fig. 1.1), who published a 
comprehensive description of the illness known as sausage poisoning first in 76 and 
then in 155 patients during the years 1820 and 1822. As a keen observer, Kerner’s 
descriptions cover almost all symptoms that we know about botulism today, such as 
muscle weakness, paralysis of eye muscles, difficulty in swallowing, dry mouth, 
and signs of autonomic dysfunction. He followed his clinical observations with a 
series of animal experimentations as well as brief experiments on himself. In one 
observation, he reported severe dryness of the mouth after placing a small fragment 
of a spoiled sausage on his tongue. From his experiments, Kerner concluded that 
botulism developed from a potentially lethal toxin that was present in the spoiled 
sausage. This toxin was thought to be active in anaerobic conditions and affects 
mainly the motor and autonomic systems of the body, sparing the sensory system. 
Kerner also suggested that due to the paralytic properties of this toxin, it has poten-
tial for being used in treatment of hyperkinetic movement disorders such as chorea. 
In Kerner’s belief, which proved to be correct years later, the culprit toxin was not 
prussic acid (as believed by his contemporaries), but rather a biologic toxin.

The German medical historian F.J. Erbgutt has researched and described in detail 
Kerner’s medical accomplishments in several articles [2–4]. Kerner was also known 
as a good poet and was considered by Herman Hesse—the German Nobel Laureate 
(1946)—as one of a few true German poets of his era.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99650-5_1&domain=pdf
https://doi.org/10.1007/978-3-030-99650-5_1
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The agent responsible for botulism was discovered by a Belgian bacteriologist, 
Emile Van Ermengem, in 1895 (Fig.  1.2a). On December 14, of that year, after 
attending a funeral, 34 Belgian musicians developed signs of botulism following 
consumption of spoiled ham; three of them died. Professor Ermengem, at the 
University of Ghent, examined the culprit ham. He was able to produce similar 
signs of illness in animals after injecting them with the tissue containing the toxin. 
On microscopic examination, the tissue obtained from dead musicians revealed 
anaerobic gram-positive, rod-shaped bacteria; he named the organism bacillus botu-
linum, believing it to be the source of the toxin in the spoiled ham (Fig. 1.2b).

In 1924, Ida Bengstrom, a Swedish-American bacteriologist, suggested to 
change the name of this agent from bacillus botulinum to clostridium botulinum. 
The word clostridium is derived from the Greek word “kloster,” meaning spindle. 
The genus clostridia also includes anaerobic bacteria such as Clostridium tetani, 
responsible for production of tetanus toxin.

During World War II, there was interest in purifying and developing botulinum 
toxin (BoNT) as a weapon and finding ways to protect the soldier in case of expo-
sure. Carl Lamanna and Richard Duff working at Fort Detrick, Maryland, a 
U.S. Army facility, discovered a technique to crystalize and concentrate botulinum 
toxin. In 1946, Edward Shantz, working at the same facility, purified and produced 
a large amount of the toxin. Shantz and his young colleague Erik Johnson (Fig. 1.3), 
at the University of Wisconsin, further refined the toxin and made it available for 
clinical researchers.

Fig. 1.1 Justinus Kerner 
(1786–1862)
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In 1949, A. Burgen and his colleagues in England discovered that the paralytic 
effect of botulinum neurotoxin is the result of its effect on the neuromuscular junc-
tion, through blocking the release of acetylcholine [5]. In 1964, Daniel Drachman, 
at Johns Hopkins University, demonstrated that injection of botulinum toxin-A into 
the hind limb of chicken can cause a dose-dependent muscle weakness and atrophy 
[6]. Drackman’s work came to the attention of Allen Scott (Fig. 1.4) and his col-
leagues, ophthalmologists in San Francisco, CA, who were interested in improving 

Fig. 1.2 (a) Emile Van Ermengem (1851–1932). (b) Clostridium botulinum

Introduction



4

strabismus in children. For the next decade, Dr. Scott, using Shantz’s toxin, con-
ducted several experiments in monkeys by injecting the toxin into the extraocular 
muscles. In 1973, he showed that injection of botulinum toxin can selectively 
weaken the eye muscle of the monkeys, and this selective weakening of extraocular 
muscles implied a potential for botulinum toxin injections to improve human stra-
bismus. In 1980, he published the result of a clinical trial conducted on 67 patients 
which clearly showed that BoNT injection into selected eye muscles can indeed 
improve strabismus in human subjects [7]. During the 1980s, in a number of small 

Fig. 1.3 Edward Shantz 
and Erik Johnson. From 
Dressler and 
Roggenkaemper. 
(Reproduced with 
permission from Springer)

Fig. 1.4 Dr. Alan Scott 
who pioneered BoNT 
therapy in humans. (From 
J. Erbguth reproduced with 
permission from Springer)

1 The History of Botulinum Neurotoxin Development
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open-label studies, Scott and his colleagues showed that injection of BoNTs into the 
face can improve hyperactive face movements such as blepharospasm and hemifa-
cial spasm. Scott was also first to show that injection of 300 units of onabotulinum-
toxinA (then called oculinum) in a single session (for spasticity) is safe, a safety 
margin that was not known prior to his observation [8].

These observations were of great interest to movement disorder specialists and 
led to conduction of several small blinded protocols by US (Fahn, Jankovic, Brin, 
and others) and Canadian (Tsui and others) investigators that ultimately resulted in 
FDA approval of botulinum toxin-A in 1989 for blepharospasm, hemifacial spasm, 
and strabismus (mainly based on Scott’s work) (Table 1.1).

The initial name of oculinum used in earlier studies was changed to Botox 
2 years later when Allergan Inc. acquired the right of distribution and marketing of 
the toxin.

Along these clinical developments, our knowledge about the molecular structure 
of the toxin and where and how it works improved significantly through the tireless 
efforts of biologists and basic scientists; the contributions of some of them are 
described briefly at the end of this chapter (Fig. 1.5).

Table 1.1 Important timelines of botulinum toxin (BoNT) development for clinical use

Year Investigator(s)/FDA approvals Comment

1820–
1822

Justinus Kerner Described details of botulism; predicted that the toxin 
can be used in the future as medical remedy

1895 Emile van Ermengem Discovery of bacteria causing botulism
1944–
1946

Lamanna and Duffy Concentrated and crystalized the toxin

1946 Edward Schantz Purified and produced the toxin in a form suitable for 
medical research

1949 A. Burgen Acetylcholine identified as the chemical blocked by 
BoNT at nerve muscle junction

1953 Daniel Drachman Intramuscular injection of Schantz’s toxin can be 
quantified and caused dose-dependent muscle 
weakness in chicks.

1973 Alan Scott Injection of type A toxin improved strabismus in 
monkeys

1980 Alan Scott Controlled human study showed efficacy in 
strabismus. Observations on potential use for 
blepharospasm, hemifacial spasm, and spasticity

1985–
1988

Fahn, Jankovic, Brin, Tsui Controlled and blinded studies showed efficacy in 
blepharospasm and cervical dystonia

1989 FDA approval of type A toxin 
(oculinum—Name later 
changed to Botox)

Toxin approved for use in blepharospasm, hemifacial 
spasm, and strabismus

1989–
present

FDA-approved several other 
indications

Toxin approved for facial wrinkles, frown lines, 
cervical dystonia, chronic migraine, bladder 
dysfunction, upper and lower limb spasticity, and 
axillary sweating

Introduction
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What happened next is one of the most amazing developments in clinical phar-
macotherapy. A feared and lethal toxin was shown to be effective and relatively safe 
for treatment of a large number of medical conditions [9]. More recently, its use has 
been extended to the field of dentistry and veterinary medicine (Chaps. 16 and 19 of 
this book). Other botulinum neurotoxinAs (incobotulinumtoxinA and abobotu-
linumtoxinA) and BoNT-B (rimabotulinumtoxinB) have been found to be effective 
in several medical and surgical conditions as well (Table 1.2). Newly developed 
botulinum toxins such as Korean toxin Meditox and Chinese toxin (Prosigne) have 
also shown promise in a number of neuropathic pain conditions [10]. A new form of 
botulinum toxin A (PrabotulinumtoxinA—Jeuveau) recently received approval for 
treatment of frown lines in the United States. Chapter 3 of this book describes the 
characteristics of available and marketed botulinum toxins as well as their similari-
ties and differences. The list of US-marketed botulinum neurotoxins, their clinical 
indication, and the year of FDA approval for each indication is presented in 
Table 1.2.

This brief account of botulinum toxin history will not do justice to the subject if 
it did not include significant contribution of recent contemporary basic scientists 
and clinical neurotoxicologists who have been instrumental in the current status of 
BoNT therapy (2022). Some of the most influential individuals in this field are pre-
sented below. The list is by no means complete.

Fig. 1.5 Dr. James 
Rothman, Yale cell 
biologist who won the 
Nobel Prize in 2013 for his 
work on Synapse 
physiology. His laboratory 
purified the SNARE 
complex, the synaptic 
protein targeted by 
botulinum toxin

1 The History of Botulinum Neurotoxin Development
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Table 1.2 Clinical indications (approved by the FDA) for botulinum toxins marketed in the 
United States

Generic and trade names Abbreviation Manufacturer
Approved 
indication (FDA)

Year of 
FDA 
approval

OnabotulinumtoxinA; 
Botox

onaBoNT-A Allergan Inc., 
Dublin, Ireland

Blepharospasm 1989
Hemifacial 
spasm

1989

Strabismus 1989
Cervical dystonia 2000
Glabellar lines 2002
Axillary 
hyperhidrosis

2004

Chronic migraine 2010
Upper limb 
spasticity

2010

Neurogenic 
bladder

2011

Lateral canthal 
lines

2013

Overactive 
bladder

2013

Adult lower limb 
spasticity

2016

Forehead lines 2017
Pediatric upper 
limb spasticity

2019

IncobotulinumtoxinA; 
Xeomin

incoBoNT-A Merz Pharma GmbH 
& Co., Frankfurt, 
Germany

Cervical dystonia 2010
Blepharospasm 2010
Glabellar lines 2011
Adult upper limb 
spasticity

2015

Sialorrhea 2018
AbobotulinumtoxinA; 
Dysport

aboBoNT-A Ipsen 
Pharmaceutical, UK

Cervical dystonia 2009
Glabellar lines 2009
Adult upper limb 
spasticity

2015

Pediatric lower 
limb spasticity

2016

Adult lower limb 
spasticity

2017

Wrinkles 2019?
RimabotulinumtoxinB; 
Myobloc/Neurobloc

rimaBoNT-B US World 
Med-Solstice

Cervical dystonia 2009
Sialorrhea 2010

PrabotulinumtoxinA; 
Jeuveau

praboBoNT-A Evolus Inc., Santa 
Barbara, CA

Frown lines 2019

Introduction
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 Biology and Basic Science

James E. Rothman, PhD, chairman of the Department of Cell Biology at Yale 
University, revolutionized the field of cell biology by studying the molecular pro-
cesses in a cell-free system. His work discovered many genetic and functional 
aspects of synapse physiology including vesicular trafficking, vesicular fusion, and 
proteins involved in this function. He identified genes and enzymes responsible for 
the budding of vesicles and their fusion with membranes. Dr. Rothman’s laboratory 
succeeded in the purification of the SNARE complex and provided pivotal evidence 
for establishing the central role of the SNARE complex (proteins targeted by botu-
linum toxins) in mediating membrane fusion. In 2013, Dr. Rottman was awarded 
the Noble Prize in Medicine and Physiology.

Cesare Montecucco’s first seminal work on BoNTs was the proposal of the 
double- receptor model in 1986, which is now well established for the majority of 
BoNTs. In 1992, he demonstrated that the common belief that the opposite symp-
toms of botulinum and tetanus toxins (flaccid versus spastic paralysis, respectively) 
are induced by different molecular actions is incorrect. In fact, the cleavage of a 
single protein is essential for the function of both toxins. The opposite symptoms 
are simply due to the different neurons targeted by tetanus and botulinum neurotox-
ins: the inhibitory interneurons of the spinal cord and the peripheral cholinergic 
neurons, respectively [11]. This was a major breakthrough in the understanding of 
the molecular pathogenesis of these diseases.

Giampietro Schiavo with a series of pioneering experiments, together with Cesare 
Montecucco, demonstrated that the inhibition of synaptic activity caused by tetanus 
and botulinum neurotoxins is due to a specific protease activity [12]. He showed 
that these neurotoxins cleave three synaptic proteins that play fundamental roles in 
neurotransmitter release. This discovery was instrumental for the field of SNARE 
biology and generated great interest worldwide. The seminal discovery of SNARE 
proteins as the substrates for BoNTs and TeNT in the early 1990s, led by Giampietro 
Schiavo and Cesare Montecucco, along with the groundbreaking work from James 
Rothman’s laboratory on the purification of the SNARE complex provided pivotal 
evidence for establishing the central role of the SNARE complex in mediating 
membrane fusion.

Matteo Caleo’s research on botulinum neurotoxins was devoted to their central 
effects. In collaboration with Cesare Montecucco in Padua and Giampietro Schiavo 
in London, he demonstrated that BoNTs are retrogradely transported from the 
injected muscle along the axons of motor neurons and directly affect neurotransmis-
sion in central areas [13].

Ornella Rossetto’s collaboration with Prof. Montecucco and Prof. Giampietro 
Schiavo led to the discovery of the zinc-endopeptidase activity of tetanus and botu-

1 The History of Botulinum Neurotoxin Development
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linum neurotoxins and provided initial experimental evidence that the molecular 
basis of their exceptional specificity is based on a double recognition of the sub-
strate, i.e., of the cleavage site and of other regions outside the cleavage site termed 
SNARE motif.

Zdravko Lackovic, chairman of Department of Pharmacology in Zagreb, Croatia, 
along with his colleagues Ivica Matak, Lidjia Back-Rojecky, and Boris Filipovic, 
through a series of elegant experiments, provided strong evidence for the central 
action of botulinum toxins in the pain pathways [14, 15]. Their findings have 
improved our knowledge about the central analgesic mechanisms of botulinum neu-
rotoxins in pain. Their contributions to this field have opened the path and encour-
aged many clinical neurotoxicologists to conduct controlled clinical trials in 
different pain disorders.

Oliver Dolley, Research Professor and Director of the International Center for 
Neurotherapeutics (ICNT) in Dublin, has done multidisciplinary investigations on 
the molecular basis of communications in the nervous system searching for proteins 
responsible for the fundamental process of transmitter release and its indirect regu-
lation of voltage-sensitive K+ channels. His investigations have provided important 
information on endocytosis of botulinum neurotoxins by glutamatergic and peptide-
rgic neurons. His most recent work has focused on selective targeting of sensory 
neurons by different agents to achieve analgesia. He has been successful in produc-
ing analgesia in rats by using a novel A/E toxin chimera [16].

Pietro De Camilli, MD, PhD.
Dr. De Camilli is professor of Neuroscience and cell biology at Yale University and 
founding Director of the Yale Program in Cellular Neuroscience, Neurodegeneration, 
and Repair. His research has provided insight into mechanisms of membrane fission 
and has revealed ways through which membrane-associated proteins can generate, 
sense, and stabilize lipid bilayer curvature. His discovery and characterization of the 
role of phosphoinositide metabolism in the control of endocytosis have broad impli-
cations in the fields of phospholipid signaling and membrane traffic. Dr. De Camilli 
and his collaborators were to first to discover that the synapse protein targeted by 
BoNT-A is SNAP-25 [17].

 Neurologists: Clinical Neurotoxicologists in the United States

Joseph Jankovic, MD.
Joseph Jankovic, MD, Professor of Neurology at Baylor College of Medicine, is 
probably the most influential clinician/neuroscientist in discovering and promoting 
different clinical indications for the use of botulinum neurotoxins in medicine. He 
has contributed, often as a leader, in many well-designed clinical trials with botuli-
num toxins for different indications. His rating scale for blepharospasm is widely 

Neurologists: Clinical Neurotoxicologists in the United States
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used, especially in clinical trials of botulinum toxins. He is an outstanding teacher, 
who over the years has trained many fellows and young physicians for proficiency 
in botulinum toxin treatment. As a prolific writer, his list of publications in Medline 
as of December first, 2021, includes 198 articles on the subject of botulinum neuro-
toxins. Dr. Jankovic has held many important positions in national and international 
toxin-related forums. He is the recipient of life-time achievement award at the 
International Toxin Conference in 2018.

Mark Hallett, MD.
Dr. Mark Hallett is the Director of the Division of Movement Disorder and Motor 
Control in NINDS, National Institutes of Health in Bethesda, Maryland. As an inter-
nationally renowned figure in the field of movement disorders and clinical neuro-
physiology, Dr. Hallett has provided evidence that intramuscular injection of 
botulinum toxins changes the electrophysiology of muscle, peripheral nerves, and 
central nervous system. Under his supervision, botulinum toxin treatment of move-
ment disorders developed at NIH; young and brilliant faculty members such as 
Leonard Cohen, Barbara Illowky Karp, Cordin Lungu, and Kathrine Alter devel-
oped expertise in different areas of their interest and rose to the level of international 
experts in this field. His group conducted the most comprehensive studies of BoNT 
therapy in task-specific dystonias (Medline articles related to BoNTs as of December 
1, 2021: 66). He is the recipient of life-time achievement award at the International 
Toxin Conference in 2017.

Michell Brin, MD.
Dr. Brin was trained under Stanley Fahn, MD, at Columbia University, NY, and 
conducted some of the earliest studies of onabotulinumtoxinA efficacy in move-
ment disorders (mostly tremor and dystonia). Over the past 30 years, he has been a 
key investigator in a large number of clinical trials. As an executive at Allergan Inc., 
he has been a key player in FDA approval of onabotulinumtoxinA for several clini-
cal conditions (migraine, spasticity, cervical dystonia, and axillary hyperhidrosis) 
(Medline articles related to BoNTs as of December 1, 2021:110).

Cynthia Comella, MD.
Professor of Neurosurgery and Neurological Sciences at Rush Medical School, 
Chicago, Ill, Dr. Comella has been a major contributor and investigator in several 
multicenter studies conducted on botulinum toxin therapy in the United States. Her 
major area of work has focused on the investigation of the effect of botulinum toxins 
in cervical dystonia. Through her efforts and those of her collaborators, all four 
marketed BoNTs in the United States received approval by the FDA for U.S. use in 
cervical dystonia. As an expert electromyographer, Dr. Comella defined precise 
injecting methods to target difficult neck muscles in cervical dystonia. Her educa-
tional workshops in the annual meetings of the American Academy of Neurology 
are popular and well received (Medline articles related to BoNTs as of December 1, 
2021: 57).

1 The History of Botulinum Neurotoxin Development
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David M. Simpson, MD.
David M. Simpson, MD, FAAN, is Professor of Neurology at the Icahn School of 
Medicine at Mount Sinai, Department of Neurology. He is Director of the 
Neuromuscular Diseases Division and the Clinical Neurophysiology Laboratories. 
His main area of focus has been on the study of BoNTs efficacy in spasticity. He and 
his colleagues have shown, in an important study, that up to 800 units of incobotu-
linumtoxinA in one session can be used for treatment of poststroke spasticity with-
out serious side effects [18]. He is the chair of the Guidelines and Assessment 
Subcommittee of AAN that periodically assesses the efficacy of BoNTs for different 
neurological disorders (Medline articles related to BoNTs as of December 1, 
2021: 36).

Daniel Troung, MD.
Dr. Truong has been a major contributor to multicenter studies on cervical dystonia 
and blepharospasm. His book Manual of Botulinum Toxin Therapy has been received 
with enthusiasm worldwide due to its practical points delivered with remarkable 
anatomical drawings. The book has been translated into many languages (Medline 
articles related to BoNTs as of December 1, 2021: 42).

Bahman Jabbari, MD.
Bahman Jabbari, professor emeritus of Neurology at Yale University, started his 
practice and research on BoNT therapy in 1990 by establishing a comprehensive 
BoNT therapy clinic at Walter Reed Army Medical Center, Washington, D.C. and 
15 years later at Yale University School of Medicine in New Haven, CT. He and his 
colleagues were the first to show the efficacy of BoNT therapy in plantar fasciitis 
and in nonsurgical low back pain. His most recent contribution is designing a spe-
cial Electromyography (EMG)-guided method that can significantly reduce the 
incidence of hand and finger weakness after BoNT injection into the forearm mus-
cles of patients with Parkinson’s tremor and essential tremor. Dr. Jabbari is the 
author of two books on botulinum toxin therapy and editor of two additional books 
on the same subject (Medline articles related to BoNTs as of December 1, 2021: 46).

 PREEMPT Group (Drs. Silberstien, Dodick, Aurora, Lipton, 
Blumenfeld, and Others)

A group of investigators, expert in treatment of headache, demonstrated the efficacy 
of onabotulinumtoxinA injections in chronic migraine [19] through two well- 
designed, multicenter, blinded clinical trials (PEEMPT I & II), that led to its FDA 
approval in 2010. Subsequently, in a series of articles, using the large PREEMPT 
cohort, they have shown that BoNT therapy in chronic migraine also improves the 
patients’ quality of life and is effective in migraineurs with medication overuse. 
BoNT therapy is now an established treatment for chronic migraine worldwide.

PREEMPT Group (Drs. Silberstien, Dodick, Aurora, Lipton, Blumenfeld, and Others)
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 Germany

Dirk Dressler, MD.
Dr. Dressler, director of Division of Movement Disorders at the University of 
Hanover, Germany, is probably the most influential clinical neurotoxicologist and 
clinical toxin researcher in Europe. He developed an interest in BoNT therapy dur-
ing his training with late David Marsden at the National Hospital of London (1980s). 
He was the first person who organized BoNT therapy in Europe and is the individual 
with most clinical toxin-related publications in the European continent [20]. Dr. 
Dressler is the author of two books on botulinum toxin therapy, the first one in 
German and the second in English.

Reiner Benecke, MD.
Dr. Benecke, like Dr. Dressler, developed his interest in clinical use of botulinum 
neurotoxins while working with Dr. Marsden’s group in London. Dr. Benecke and 
Dr. Dressler participated in the development of incobotulinumtoxinA (Xeomin), 
then called NT201 (in research protocols), during their several years of partnership 
in Rostock, Germany. Their publications on merits of incobotulinumtoxinA as a 
BoNT free of neutralizing proteins and on immunology of botulinum neurotoxins 
paved the way for extensive use of this form of BoNT-A in Europe and the United 
States. The list of other German physicians with expertise in botulinum toxin ther-
apy and significant contributions to this field includes (but is not limited to) 
Wolfgang Jost, Gerhard Reichel, Markus Naumann, Jorg Wissel, and Fereshteh 
Adib Saberi.

 Austria

Werner Poewe, MD.
Professor Poewe is the chairman of Department of Neurology at the Medical 
University of Innsbruck, Austria. He conducted several clinical trials assessing the 
efficacy of BoNTs in different movement disorders and spasticity. In an early study, 
he showed that in children and young adults, 200 units of onabotulinum injected per 
leg is relatively safe and is more effective than a lower dose of 100 units. He served 
as president of the International Movement Disorder Society from 2000 through 
2002 and as President of the Austrian Society of Neurology from 2002 to 2004. He 
is the author of a book entitled Botulinum Toxin Treatment in Cerebral Palsy 
(Medline articles related to BoNTs: 38).

This chapter has provided a brief summary of events and individuals who paved 
the way for the present use of BoNTs in the management of various clinical ail-
ments including pain disorders.

1 The History of Botulinum Neurotoxin Development
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Chapter 2
Molecular Structure, Mode of Action, 
Immunology, Safety, and Side Effects 
of BoNTs

 Introduction

This chapter describes the molecular structure of botulinum neurotoxins (BoNTs), 
the intricacies of its mode of action on cholinergic synapses, the immunological 
aspects of BoNTs, and the safety profile of botulinum neurotoxins.

 Structure of Botulinum Neurotoxin and Its Mode of Action

Botulinum neurotoxin (BoNT) is produced by clostridium botulinum, a gram- 
positive anaerobic bacillus that is widely present in nature. There are now eight 
serotypes of BoNTs designated as A, B, C, D, E, F, G, and X. In recent years, several 
subtypes have been described such as A1, A2, A3… for the A serotype [1]. Among 
these serotypes, only types A, B, C, D, and F cause botulism in humans. The source 
of infection is usually contaminated food as the spores of these bacteria can survive 
for a long time in the environment. Although each serotype has a distinct molecular 
structure, there is significant homology between different toxins as well as between 
BoNTs and tetanus toxin [2].

Currently, only serotypes A (A1) and B are used in clinical practice. After intra-
muscular injection, these serotypes exert their therapeutic action within a few days 
which usually lasts for 3–4 months. Serotype E has a faster onset (usually within 
24 h) and shorter duration of action (2–4 weeks); the latter may be desirable for 
analgesic indications [3].

Botulinum neurotoxin complex is composed of a toxin core with a molecular 
weight of 150 kDa, a size that is constant among different toxin serotypes. The toxin 
is embedded into a larger nontoxic protein complex, the size of which varies among 
different toxins; for instance, it is 900 kDa for onabotulinumtoxinA (botox) and 
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700 kDa for rimabotulinumtoxinB (Myobloc). This protein protects the toxin when 
exposed to deactivating factors such as stomach acid, high temperature, and prote-
ases. The nontoxic protein complex (NAPS) includes hemagglutinin proteins (HA 
proteins) and non hemagglutinin proteins. The non-hemagglutinin protein part of 
the protein complex includes specific antigenic proteins which are the source of 
antibody formation against the toxin after BoNT therapy.

The core toxin is composed of a heavy chain (HC) and a light chain (LC); the two 
chains are linked by a single disulfide bond. The light chain has one domain (cata-
lytic domain) and is the active moiety of the toxin; its function is exerted inside the 
cell and on a specific set of proteins (SNARE proteins) through a zinc-activated 
protease. The heavy chain has two distinct domains HC and HN. These domains 
help the toxin molecule attach itself to cell membrane (end of peripheral axon, 
HC-binding domain), enter the peripheral nerve terminal, and later free the light 
chain from the core toxin structure in order for it to exert its catalytic function 
(translocation domain HN).

In clinical practice and for most indications, botulinum toxins are introduced 
through intramuscular injection; for some pain indications, they are injected subcu-
taneously, however. After injection, within minutes, the core toxin disassociates 
itself from the surrounding protein complex and is activated (nicked) [4]. The type 
A toxin is naturally activated by its own protease [5], whereas activation of other 
BoNTs takes place by exposure to the tissue proteases. After activation, the toxin 
quickly reaches the peripheral synapses of cholinergic neurons probably through 
lymphatics or blood. There, the toxin blocks the release of acetylcholine from pre-
synaptic vesicles through five intricate sequential steps:

 1. Receptor binding: Upon reaching the cholinergic synapse (neuromuscular junc-
tion or autonomic synapse), the HC domain (binding domain) of the toxin’s 
heavy chain (Fig. 2.1) attaches the core toxin complex to two specific cell mem-
brane receptors, namely, ganglioside and synaptic vesicle (SV) receptors [1, 6, 
7]. The polysialoganglioside (PSG) receptor is abundant on the presynaptic 
membrane. The SV is present on the wall of synaptic vesicles (Fig. 2.2). This 
dual attachment is believed to be important since attachment to PSG receptor 
facilitates attachment of the toxin to SV receptor, which acts as a channel to let 
the toxin to endocytose and reach inside the presynaptic part of the cholinergic 
axon [8]. BoNTs A and B attach to different segments of SV receptor. The type 
A toxin attaches to the region known as SV2 which is a glycoprotein. The SV 
attachment site for type B toxin is called synaptotagmin (Syt1/Syt2) and con-
tains calcium sensors (Fig. 2.2).

 2. Internalization: After entry into the cell (presynaptic part of the axon), the toxin 
is visualized mainly inside presynaptic vesicles (mouse model).

 3. Translocation: Inside the presynaptic vesicles is an acidic milieu caused by a spe-
cific proton pump that keeps a PH gradient across vesicle membrane in order to 
move the neurotransmitters into the vesicle. This acidic environment weakens the 
HC bond of the toxin resulting in the formation of a translocation channel that 
moves the light chain of the toxin from inside of the vesicle to the side of the ves-
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Fig. 2.1 The molecular structure of botulinum toxin. From Choudhury et al., Botulinum Toxin. 
An update on pharmacology and newer product developments. Toxins, 2021. Reproduced under 
creative commons distribution. Courtesy of PMC and Toxins

Fig. 2.2 Mechanisms of action of BoNTs. From Rossetto O, Pirazzini M, Fabris F, Montecucco 
C.  Botulinum Neurotoxins: Mechanism of Action. Handb Exp Pharmacol. 2021;63:35–47. 
Reproduced with permission of publisher (Springer)

Structure of Botulinum Neurotoxin and Its Mode of Action
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icle membrane facing the cytosol. The partially unfolded light chain and disulfide 
bond between two chains are now subject to the function of cytosolic enzymes.

 4. Reduction of disulfide bond: At this stage, the disulfide bond that connects HC 
and LC is reduced and broken releasing the light chain into the cytosol to target 
SNARE proteins. The cytosolic enzyme that performs this function is NADPH–
Thioredoxin reductase–thioredoxin system. It has been shown in animals that 
inhibition of this enzyme can prevent BoNT intoxication [9].

 5. Cleavage of SNARE proteins by the light chain of BoNT: SNARE proteins are a 
set of proteins that are present in cholinergic synapses, and their function is to 
fuse the synaptic vesicles to the membrane of the nerve terminal, causing its 
rupture and release of the neurotransmitter into the synapse. The light chain of 
botulinum toxin, via its zinc-activated protease, inactivates SNARE proteins, 
hence preventing vesicle fusion and neurotransmitter release. BoNTs A and E 
cleave the SNARE protein named SNAP25 which is located on the nerve termi-
nal membrane, whereas BoNTs B, D, F, and G cleave SNARE protein VAMP 
which is located on the vesicle membrane itself (Fig. 2.2). Inhibition of SNARE 
proteins in the neuromuscular synapses results in muscle paralysis, and in auto-
nomic synapses, causes loss of gland secretions (saliva, tear). The effect on pain 
transmitters is discussed in the next chapter (Chap. 3) of this book. Since the 
action of light chain’s protease is zinc dependent and zinc deficiency is not 
uncommon in western countries, it has been suggested that adding zinc to the 
dietary regimen (especially when zinc deficiency is suspected) might enhance 
the therapeutic efficacy of BoNTs [10].

Currently, four types of BoNTs are used widely in clinical practice with the fol-
lowing FDA designations and trade names:

 – OnabotulinumtoxinA (onaA)—Trade name: Botox, Allergan Inc., Irvine, CA.
 – AbobotulinumtoxinA (aboA)—Trade name: Dysport, Ipsen Biopharm LTD, 

Wrexham, UK.
 – IncobotulinumtoxinA (incoA)—Trade name: Xeomin, Merz Pharmaceuticals 

LLC, Greensboro, NC.
 – RimabotulinumtoxinB (rimaB)—Trade name: Myobloc in the United States and 

Neurobloc in Europe, Solstice Neurosciences, Inc., San Francisco, CA.

OnaA is provided in vials of 50, 100, and 200  units, incoA in vials of 50 and 
100 units, aboA in vials of 300 and 500 units, and RimaB in vials of 2500, 5000, and 
10,000 units. A newly FDA-approved toxin (2019) for dermatological indication 
(glabellar lines), prabotulinumtoxinA (Jeuveau), is provided in vials of 100 units. 
Although, as emphasized by FDA, units of various BoNTs are not interchangeable, 
in randomized comparator clinical trials (RCTs), an approximate unit equivalence 
is sometimes used (1 onaA unit = 1 incoA = 2.5–3 aboA = 40–50 units of rimaB).

All FDA-approved type A toxins (onaA, aboA, incoA, and praA) need to be 
diluted with preservative-free saline before use. The commonly used dilutions are in 
1–2 cc of 0.9% saline. AbotulinumtoxinA was initially approved for 1 cc dilution, 
but a recent study has proven that 2  cc dilution is also effective [11]. 
RimabotulinumtoxinA is provided in an already diluted form per vial. Among these 
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toxins, incoA does not need refrigeration, but all other toxins do. After mixing, 
gentle shaking is recommended for onaA, but inverting the vial is not recommended 
for incoA, and the manufacturer recommends gentle shaking and multiple inver-
sions of the vial. All manufactures recommend using the prepared solution of the 
toxin within 4–24 h after mixing the powder inside of the vial with saline. Liu et al. 
[12], however, have shown that prepared solution of onabotulinumtoxinA kept up 
its efficacy up to 6 weeks if kept refrigerated at 39.2°F (4 °C); if frozen, its efficacy 
lasted up to 6 months. Structure, formulation, pharmacokinetic, and pharmacologi-
cal properties of botulinum neurotoxins are presented in Table 2.1 [13].

 Diffusion and Spread of Neurotoxins

Ramirez-Castaneda et al. [13] have provided a detailed review of diffusion, spread, 
and migration of the botulinum neurotoxins. Overall, their conclusion was that in 
most clinical conditions, the diffusion of the toxin is limited, a factor that accounts 
for its relative safety in clinical practice.

A variety of factors could potentially influence diffusion of the injected BoNTs 
into the adjacent muscles. The total dose, number of injected sites, volume of 
injected solution, type of toxin, state of muscle pathology, and status of muscle 
activity after injection are all potential contributors to the extent of toxin diffusion. 
Detailed information about these factors is still scarce and evolving, however. 
Although several studies indicate that local injection of the BoNTs causes abnormal 
electrophysiological changes in distant and even sometimes contralateral muscles 
[14–16], these changes do not seem to have meaningful clinical implications since 
significant weakness of distant muscles rarely occurs after local injection and con-
tralateral weakness has not been convincingly documented in clinical settings.

Animal studies suggest that the extent of diffusion after BoNT injection is dose 
dependent. In one study [17], injection of 1 unit of onaA into longissimus dorsi 
muscle of the rabbit demonstrated marked reduction of diffusion gradient beyond 
15–30 mm from the site of injection, whereas injection of 5–10 units caused an 
effect within the entire muscle. The extent of diffusion in this study was defined 
through acetylcholine esterase staining. As the four commonly used neurotoxins in 
the United States and Europe (onaA, aboA, incoA, and rimaA) have different 
molecular sizes (Table  2.1), one would think that toxins with smaller molecular 
weight (for instance, incoA with total 150 kDa and practically no additional protein) 
would diffuse more readily and more extensively in the injected tissue. A study in 
mice, however, has demonstrated that all three type A toxins (onaA, aboA, and 
incoA) possess a very similar diffusion pattern, regardless of their molecular weight, 
after injection into the tibialis anterior muscle; most of the toxins remained close to 
the site of the injection and did not spread to the adjacent muscles [18]. The inves-
tigators used neural cell adhesion molecule (N-CAM) as a measure of BoNT diffu-
sion. This molecule is present in embryonic muscle tissue but disappears in adult 
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muscle; it gets activated and reappears after the muscle paralysis caused by intra-
muscular BoNT injection.

Limited evidence in human suggests that larger volumes of the toxin may 
increase the diffusion of the toxin within injected and adjacent muscles. In one 
study, the effect of toxin volume was investigated in 10 human volunteers by inject-
ing two different volumes of onaA (2 units/0.1 cc and 2 unit/0.02 cc) into the fore-
head muscles [19]. In 9 of the 10 patients, the side of the forehead which received 
the larger volume (and lower concentration) showed a more extensive diffusion 
effect. In a randomized, prospective study of 13 patients with spasticity [20], how-
ever, the investigators found no difference in efficacy between 50 and 100 units/cc 
dilutions of onaA preparations. In another double-blind, placebo-controlled study 
[21], comparing the effect of onaA and rimaB volume in 18 patients with hyperhi-
drosis, the increased volume of the toxin preparation increased the anhidrotic field 
for both toxins. The injection of rimaB, however, caused a larger anhidrotic area 
compared to an equal injected volume of onaA. Increasing injected volume of onaB 
also demonstrated more diffusion. The conversion ratio in this study was 1 onaA = 75 
rimaB.  Since the toxins are not truly interchangeable, different ratios have been 
used in clinical trials between onaA and onaB (from 1:40 to 1: 75); currently, 1:40 
is an acceptable ratio [22], and one could argue that the higher dose of B toxin used 
in this study might have influenced the results. There is a need for larger controlled 
studies to discern the effect of volume and toxin type on diffusion of differ-
ent BoNTs.

The effect of a single intramuscular injection versus multiple injections as a fac-
tor influencing the diffusion of BoNTs has not been thoroughly studied. Ramirez- 
Castenada et al. [13] state that multiple point injections along the length of affected 
muscle retain the biological effect of the toxin within the targeted muscle better than 
the single injections.

 Immunology of BoNTs

The nontoxic protein complex (NAP) of BoNT structure is the main source of anti-
gen formation after BoNT injection. The molecular structure and protein ratios 
within the nontoxic protein complex of BoNT have been described recently and 
consist of NBP (124 kDa), HC (90 kDa), LC (53 kDa), NAP-53 (50 kDa), NAP-33 
(36 kDa), NAP-22 (24 kDa), and NAP-17 (17 kDa) [23]. Indirect ELISA analysis of 
BoNT/A and its associated proteins has shown that the BoNT/A protein complex 
antigen has a 32-fold higher titer than BoNT/A antigen itself, and most of this anti-
genicity is related to the NAP-33 protein component. In fact, activity of NAP-33 is 
equal to all the rest of the proteins in the NAP complex combined. The immune 
response to the botulinum neurotoxins is probably under genetic control, and the 
major histocompatibility of the host controls the appearance of blocking antibodies 
and emergence of immunoresistance [24].

Immunology of BoNTs
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The types of antibodies most associated with nonresponsiveness to BoNTs are 
neutralizing antibodies (nABs). This issue is particularly important when large 
doses of toxin may be needed such as for patients with severe spasticity or for 
some patients with advanced cervical dystonia (CD). Most studies of neutralizing 
antibodies in humans have been conducted with onabotulinumtoxinA (onaA) and 
in patients with CD.  In regard to onaA, development of neutralizing antibodies 
(nABs) and loss of clinical response have been significantly reduced since the 
introduction of the new onaA formulation (1997), which contains only 5 ng (rather 
than 25 ng) of the old formulation in toxin’s complex proteins. In one study [25], 
none of the 119 patients who had received the new onaA formulation developed 
neutralizing antibodies (nABs) compared to 9.5% among the 130 patients for 
whom the old formulation of toxin was used for treatment of cervical dystonia. In 
a prospective, open-label clinical trial, Brin et al. [26] investigated the develop-
ment of nABs in 326 toxin-naïve patients who had an average of 9 injection ses-
sions over a mean period of 2.5 years. All patients received the new formulation of 
onaA with a dose per session ranging from 148 to 213 units. Four of 326 subjects 
(2%) developed neutralizing antibodies against the toxin; three of these four (0.9% 
of 326) became eventually unresponsive to treatment which is documented by 
using the frontalis antibody test (FTAT). In another study [27], neutralizing anti-
bodies to onaA were found in 32 of 191 patients (17%) with CD who had at least 
one to two injections of the old formulation of onaA (containing 25 ng of NAPs). 
These patients were then enrolled first in an open label and then in a double-blind, 
placebo-controlled clinical trial using the new toxin over a period of 2 years. One 
hundred and fourteen patients had antibody assessment both at the entry and at the 
exit time. Two of 114 patients (1.5%) developed new neutralizing antibodies; both 
patients, however, remained responsive to BoNT treatment during the course of 
the study.

These data indicate that with new formulation of onaA (used since 1997), only a 
small number of treated patients develop neutralizing antibodies and also a small 
number (less than 1%) manifest clinical unresponsiveness. As commented in a 
major recent review [1], botulinum neurotoxins, in general, seem to be poor anti-
gens particularly when compared with their cousin molecule, the tetanus toxin. The 
relation of unresponsiveness to nAB titer and evolution of unresponsiveness over 
time is complex and deserves clarification through further investigations.

Regarding rimaB, an earlier communication based on data from a small number 
of patients with cervical dystonia (CD) had shown a high rate of nAB titers (in 
mouse assay) corresponding to unresponsiveness after 9 rimaB injection cycles in 
44% of the studied population [28]. In a review paper [29], authors scrutinized the 
data of 4 large-scale RCTs conducted on rimaB efficacy in CD (1134 patients) in 
which nAB levels were provided. Authors found neutralizing antibodies in over 
20% of patients, but there was no difference between nAB+ and nAB− patients in 
regard to efficacy and continued responsiveness. They concluded that the presence 
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of neutralizing antibodies has no meaningful clinical significance in patients treated 
with rimaB.  These issues suggest existence of major immunological differences 
between the two toxins, the importance of which deserves further exploration.

Chen and Dashtipour [30] summarized the relative immunogenicity of different 
BoNTs based on the total NAPs of each toxin:

The total protein content (150 kD) toxin including nABs/ 100 units for ABO, INCO, ONA, 
and RIMA are 0.87, 0.44, 5, and 2.2 ng, respectively. Assuming that a dose equivalency 
ratio of INCO:ONA is 1:1, the total protein load with INCO (0.44 ng/100 units) would be 
at least 10-fold less than that of ONA (5 ng/100 units). If the dose equivalency ratio of 
ABO: ONA is 2:1–3:1, then the total protein load with ABO would be 2–3-fold less than 
that of ONA for each clinical dose. Thus, theoretically, INCO would carry a lower risk of 
immunogenicity, followed by ABO, ONA, and RIMA.

There is evidence that some cross-reactivity exists between type A and type B tox-
ins. The first toxin could prime the immune response to stimulate the production of 
neutralizing antibodies to the second serotype faster than in a naïve individual 
devoid of antitoxin antibodies [31].

Overall, the above-mentioned data indicate low impact of immunogenicity in the 
current practice with all four commonly used FDA-approved BoNTs. Many factors 
influence the development of neutralizing antibodies and the clinical immune 
response; among these factors are the genetic makeup of the individual and prior 
exposures to toxins with similar homology, manufacturing process, toxin source, 
and perhaps the presence of denatured toxin acting as toxoid. Anatomic sites of 
injection may also be important in the development of immunogenicity, such as in 
the neck region, which is rich in lymph nodes [1]. Since immunogenicity increases 
with the dose of the toxin and frequency of administration, it is prudent to avoid 
excessive dosing and short intervals of application.

Most botulinum toxin clinics in the United States use a brief clinical test for 
defining unresponsiveness rather than measuring neutralizing antibodies through 
the cumbersome mouse immune-assay test. The most widely used clinical test is the 
frontalis antibody test (FTAT) in which the BoNT is injected at two points into fron-
talis muscle on one side (usually two 10 units for onaA). The injected side is then 
compared with the uninjected side in 10–14 days. If the BoNT is still effective, the 
frontalis muscle on the injected side flattens and contracts less compared to the 
uninjected side. Alternatively, one could use the response of the abductor digiti 
minimi (ADM) for this purpose. Injection of 15–20 units of onaA or other toxin in 
a comparable dose into ADM weakens this muscle sufficiently to limit abduction of 
the little finger. Finally, the response to toxin can be measured also electrophysio-
logically by recording the change in amplitude of compound muscle action poten-
tial (CMAP) in EMG which should show substantial reduction if the toxin is active. 
FTAT and ADM tests are easy to perform, and in complex cases, one could use both 
tests to ensure responsiveness to the injected BoNT.

Immunology of BoNTs
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 Side Effects of BoNTs

The brochure of FDA-approved BoNTs carries a black box indicating a potential for 
serious side effects including major disability and even death. This is due to the fact 
that BoNT is one of the most potent natural toxins and when inappropriately used 
can be lethal. Absolute contraindications include hypersensitivity to BoNTs and 
presence of local infection. In practice and in experienced hands, however, BoNT 
therapy is generally safe, and most side effects are mild and transient. Pain at the 
site of injection, small local bleeding, and local infection may occur. Local injection 
of rimaB may cause more pain (compared to A toxins) due to the acidity of the solu-
tion; the pH of rimaB solution is 5.6 compared to the alkaline pH of BoNT-As (>7). 
Mild transient dysphagia after injection of the neck muscles in cervical dystonia 
occurs in 15% to 20% of patients which is often ignored by the patient and is not 
mentioned until asked. Chronic cough and upper respiratory tract infection rarely 
develops with deep neck injections.

Acute hypersensitivity reaction to BoNTs is extremely rare. Theoretically, pres-
ence of human albumin in the toxin carries a small risk of slow virus disease. No 
such case has ever been documented with BoNT treatment over three decades and 
including millions of patients. Patients with neuromuscular disorders are at risk of 
deterioration and increased severity of symptoms. BoNT treatment is not recom-
mended in patients with myasthenia gravis or patients taking drugs which are known 
to significantly impair neuromuscular transmission (e.g., aminoglycosides, neuro-
muscular blockers). BoNT therapy is also currently not recommended in pregnancy 
due to the paucity of information in this area. Several new studies, however, have 
shown that BoNT treatment of pregnant women is safe probably due to low sys-
temic absorption of the toxin and very low toxin transfer through the placenta 
[32, 33].

In a large multicenter study that included 214 patients, the side effects of ona-
botulinumtoxinA injection at a mean dose of 241.3 units (range, 95–360 units) were 
compared with the placebo (saline) [27]. The screened side effects included neck 
pain, back pain, dysphagia, rhinitis, headache, hypertonia, increased pain, flu symp-
toms, increased cough, muscle weakness, and sinus infection. Only incidence of 
rhinitis was significantly higher in the toxin group (P < 0.05).

In my nearly 30 years of experience with BoNT therapy, more than half of which 
included two full days per week of injecting a large number of patients, I have never 
witnessed a serious side effect requiring hospitalization. Among thousands of injec-
tions for cervical dystonia, I had two patients with moderate dysphagia that required 
close watch for several weeks; both fully recovered. In both cases, there was bilat-
eral injection of anterior neck muscles, and the total dose exceeded 300  units. 
Despite my positive experience, which is shared by many others, one should not 
lose sight of the fact that botulinum neurotoxin is one of the most potent toxins in 
nature. Therefore, clinicians who are engaged in this practice should always pay 
close attention to proper dosing and dilution. In the case of muscular injection, 
familiarity with muscle anatomy is essential to avoid injecting the wrong muscles. 

2 Molecular Structure, Mode of Action, Immunology, Safety, and Side Effects of BoNTs
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Serious side effects should be referred to emergency department immediately and 
dealt with aggressively since time is essential. Fortunately, with the availability of 
modern intensive care units, most intoxicated patients when detected early survive 
with proper and maintained support of respiration.

In the area of pain treatment, which is the subject of this book, logically the 
patients should experience less side effects than patients with spasticity or dystonia 
due to a lower dose of the used toxin. Also, injections are usually subcutaneous or 
intradermal with a lower potential of spreading to vital structures. The literature on 
BoNT therapy in chronic migraine and studies published on several human pain 
disorders supports lower incidence of side effects with BoNT treatment in pain 
disorders (Chaps. 4 to 19 of this book).
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Chapter 3
Analgesic Effects of Botulinum 
Neurotoxins: Data from Animal Studies 
Volunteers

 Introduction

Over the past 20 years, a large volume of literature has been published in the field 
of pain based on investigations conducted on animals and asymptomatic human 
volunteers. These data have defined new pain receptors, expanded our knowledge 
on pain mediators/modulators, and refined our understanding of pain pathophysiol-
ogy. Moreover, new data derived from experiments on animals and human volun-
teers have provided important information on how BoNTs influence pain 
mechanisms and alleviate pain by altering and modifying the function of nerve end-
ings, 0-), and spinal and brain stem neurons. In this chapter, the pathophysiology of 
pain based on this novel data is presented and discussed.

 Pathophysiology of Pain at Peripheral and Central Levels

Pain is an unpleasant and annoying sensation which is usually provoked by a nox-
ious stimulus contacting skin, bone, or muscles; a less common form of pain, cen-
tral pain originates from the disturbance of structures mostly at the level of spinal 
cord or thalamus. Specialized structures and pathways of the somatosensory system 
participate in conveying the pain signals to the sensory cortex (Fig. 3.1). Final per-
ception of pain at the cortical level requires four sequential processes: transduction, 
transmission, modulation, and perception. During the transduction phase, noncap-
sular, nociceptive nerve endings are stimulated by pain-inducing agents (heat, cold, 
chemical, and mechanical). Stimulation of free nerve endings by noxious stimuli 
opens sodium channels which are present on the sensory nerves in abundance. With 
sodium influx, the negative charge inside of the cell (−70 uV) moves toward positiv-
ity, and when it reaches +40, it generates an action potential that travels along 
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sensory pain axons conveying nociceptive information to dorsal root ganglion 
(DRG) and to the central nervous system. The sensory fibers that convey pain sig-
nals are unmyelinated C and small, myelinated Aδ fibers. C fibers are very thin with 
a diameter of less than 2 micrometers and a conduction velocity of about 2–5 meters/
second. They are activated by poorly localized stimuli and are polymodal, that is, 
they respond to a variety of stimuli, such as chemical agents, heat, and cold. Aδ 
fibers are the smallest myelinated fibers with a diameter of 2–5 μm and with faster 
conduction of 30 meters/second compared to C fibers [1]; they respond to tactile 
and temperature stimulation.

Fig. 3.1 Pain pathways. (From Yam et al. Int J mol Sci. Reproduced under Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). Publisher MPDI)

3 Analgesic Effects of Botulinum Neurotoxins: Data from Animal Studies Volunteers

http://creativecommons.org/licenses/by/4.0/)


29

The C fibers are peptidergic or nonpeptidergic. The peptidergic fibers use 
Substance P (SP) and calcitonin gene-related peptide (CGRP) as pain signal trans-
mitters. The second nociceptive neurons are located in the gray matter of the poste-
rior horn of the spinal cord which has a laminar structure (Rexed lamina), numbered 
from layers I to VII (Fig. 3.2). The peptidergic C fibers end in Rexed lamina I and 
outer part of Rexed lamina II (substantia gelatinosa) which are the superficial layers 
of the spinal dorsal horn, whereas nonpeptidergic fibers terminate in the inner part 
of lamina II [2].

Dorsal root ganglia (DRG), which are located in dorsal roots, contain thousands 
of specialized, bipolar sensory cells that encode and transmit sensory information 
(received from periphery) to the spinal cord sensory neurons. Peptidergic neurons 
of DRG contain substance P (SP), CGRP, and somatostatin. The most common 
neurotransmitter made by DRG cells is glutamate, but many cells also express SP, a 
major nociceptive transmitter [3]. After injury, C fibers may alter DRG sensitivity 
by changing the intracellular calcium level affecting N-methyl-aspartate receptors 
of DRG neurons. The resultant plastic reorganization of DRG is believed to play an 
important role in the development of peripheral sensitization and process of pain 
chronicity [4].

The C and Aδ fibers enter the spinal cord via posterior roots and, after traveling 
a few segments in the spinothalamic tract, synapse with ipsilateral sensory neurons 
(mainly in Rexed areas I and II). The axons of these neurons then cross the spinal 

Fig. 3.2 Anatomical location of Rexed lamina including substantia gelatinosa (lamina II)
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gray matter in the anterior decussation and travel in the contralateral spinothalamic 
tract rostrally (Fig. 3.1).

At the spinal cord level, lamina I carries both nociceptive and wide dynamic 
range neurons. The nociceptive neurons of this lamina express a variety of peptide 
transmitters such as SP, CGRP, serotonin, and enkephalin and respond to noxious 
stimuli. Lamina II is rich in inhibitory interneurons that release GABA [4]. These 
neurons arborize to the other lamina of the posterior horn including lamina I and 
II. It is believed that the neurons of lamina II (substantia gelatinosa) have a modula-
tory effect on incoming pain signals [5].

In the thalamus, the posterior–inferior segment of ventralis posterior (VP) 
nucleus is a major site of transmission of the nociceptive signals to the cortex; this 
region is the main target of deep brain stimulation (DBS) for relieving intractable 
pain [6]. The central nuclei of the thalamus (intralaminar, central medial, and para-
fasciculus) also receive nociceptive input from the spinothalamic tract as well as 
input from the brainstem reticular formation.

At the cortical level, primary and secondary somatosensory cortices (SI and SII) 
are the main recipients of the nociceptive information (Fig. 3.1). SI, due to its graded 
and proportional response to pain signals, is considered to be the main site for the 
appreciation of the discriminative quality of pain. SII receives nociceptive informa-
tion from both contralateral and ipsilateral spinothalamic tracts. Nociceptive signals 
end primarily on cortical levels III and IV. Other cortical areas which receive pain 
signals include the insular, dorsolateral, prefrontal, and cingular cortices as well as 
the amygdala. The anterior cingular cortex which receives information from intrala-
minar nuclei of the thalamus is believed to be involved in motivational and emo-
tional responses to pain [7].

 Pain Modulation

The traveling pain signals to the cortex are modulated both on the way to the cortex 
and by specific descending tracts which influence spinal sensory neurons. One pur-
pose of this pain modulation is protecting the cortex from excessive nociceptive 
stimuli. As already mentioned, on the ascending arm of the pain system, substantia 
gelatinosa at the spinal level and central nuclei of the thalamus, which receive input 
from the reticular formation, are all involved in pain modulation. A descending and 
better-studied system for pain modulation exists that includes neurons of periaque-
ductal gray region in the midbrain as well as the neurons of rostroventromedial 
(RVM) medulla which are a part of the medullary reticular formation. These neu-
rons exert their antinociceptive effects on sensory neurons of lamina I and II of 
dorsal horn using noradrenalin and serotonin as neurotransmitters.

In addition, the descending endogenous opioid pain-modulating system also 
reduces pain transmission. Activation of mu-opioid receptors blocks pain both cen-
trally and via activating abovementioned descending modulating systems. It does 
this through changing membrane conductivity and the state of protein 
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phosphorylation. Dynorphin, an opioid peptide, is present in periaqueductal gray 
(PAG), midbrain reticular formation, and the laminae I to IV of spinal dorsal 
horn [4, 8].

 Data from Animal Studies

Data from animal studies indicate that BoNTs can reduce or block pain transmis-
sion in peripheral nerves and at the level of DRG, spinal cord, and midbrain. 
Convincing data for the thalamic and cortical levels are not available, however. 
BoNTs block pain transmission through influencing the function of a variety of pain 
receptors, pain transmitters, and modulators such as substance P and CGRP as well 
as opioid receptors.

One of the first studies investigating the analgesic effect of BoNTs was published 
by Cui and coworkers in 2004 [9]. The authors used the formalin pain model for 
their experiments. In this model, subcutaneous injection of formalin in rat’s paw 
produces a biphasic pain response. The first peak of pain that develops within 5 min 
of injection is caused by the direct chemical effect of formalin upon C fibers. The 
second peak occurs within 15–60 min of injection and is a more intense pain induced 
by local tissue inflammation [10] during which there is local accumulation of 
inflammatory agents (neuropeptides, kinins) and pain mediators (glutamate, sub-
stance P, and CGRP) at the injection site. It is believed that, unlike the first peak, the 
second peak of pain is not related to the irritation of C fibers, but rather it represents 
pain related to central sensitization of the pain pathways. Cui et al. pretreated rats 
with onaA for 2–12  days in order to observe the timeframe of onaA’s effect on 
formalin- induced pain. Four groups of rats that received 3.5, 7, 15, and 30 μ/kg of 
onaA diluted in 0.9% saline (22 ml bolus) into the hind paw subcutaneously. For 
control rats, the same volume of 0.9% saline was injected into the hind paw. The rats 
were then injected with 50 ml of 5% formalin in the same paw, and their pain behav-
ior (lifting/licking) was recorded within 5  minutes post injection and, again, at 
15–30 min post injection corresponding to the first and second peaks of formalin- 
induced pain. Pretreatment with onaA (at doses mentioned above) 5 days prior to 
formalin injection significantly reduced the level of formalin-induced pain in a 
dose-dependent manner (Fig. 3.3).

As evident in Fig. 3.3, the second peak of pain (inflammatory peak) was the one 
most affected by the onaA pretreatment. The largest dose (30 units/kg) used in this 
experiment affected both peaks, but rendered the animals too lethargic to make a 
reliable assessment. The authors also noticed significant reduction in paw edema in 
onaA-treated animals. Furthermore, the animals pretreated with onaA demonstrated 
significant reduction of accumulated tissue glutamate (after formalin injection) 
compared to animals who received saline only; the mean tissue glutamate level was 
280.2 ng/ml for those injected with saline versus a mean of 208.4 ng/ml for those 
treated with 15  μ/kg of toxin (P  <  0.05). These results demonstrated that 
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onabotulinumtoxinA exerts both analgesic and anti-inflammatory effects in 
formalin- induced model of pain.

Ten years later, Marino et al. [11], in a similar experiment, investigated the effect 
of botulinum toxin-B (rimabotulinumtoxinB, rimaB/Myobloc) in formalin pain 
model. One unit of BoNT-B or a similar volume of saline was injected into 

Fig. 3.3 Pretreatment with BoNT-A reduces formalin injection-induced paw pain in rats in a dose- 
dependent manner. (Cui et al. [9], with permission from the journal Pain and publisher)
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intraplantar region unilaterally in mice. Pretreatment of mice with BoNT-B before 
saline injection reduced intraplantar formalin-evoked flinching, capsaicin-evoked 
plasma extravasation in the hind paw, formalin-evoked dorsal horn substance P (SP) 
release, formalin-evoked dorsal horn neuronal activation (c-fos) as well as ipsilat-
eral dorsal root ganglion (DRG) vesicle-associated membrane protein (VAMP) and 
ipsilateral SP release otherwise evoked bilaterally by intrathecal capsaicin adminis-
tration. This study showed that injection of BoNT-B affected and reduced the release 
of SP both by DRG neurons and by spinal cord sensory neurons of the dorsal horn.

In another experiment, Welch et al. [12] studied the effect of botulinum toxins A, 
B, C, and F on SP release from DRG neurons that had been exposed to elevated 
extracellular potassium in order to enhance their calcium-dependent SP release. All 
toxins exerted some degree of SP release inhibition, but this effect was most promi-
nent for BoNT-A and least notable for BoNT-B.  BoNT-A cleaved the SNAP 25 
within 2 h, but inhibited SP release at 4th hour. In another study [13], researchers 
demonstrated that acute bladder injury after exposure to HCL resulted in marked 
release of SP and CGRP into the injured bladder tissue (1235 and 1655 pg/g, respec-
tively, compared to 183 and 449 pg/g for controls, respectively) (P < 0.001). The 
levels of SP and CGRP dropped to 870 and 1033  pg/g, respectively, following 
BoNT-A injection (P < 0.05 and <0.01). Similar results with BoNT-A administra-
tion were observed on elevated levels of SP and CGRP after chronic exposure to 
cyclophosphamide.

In trigeminal neurons, the release of CGRP was blocked after exposure to 
BoNT-A [14]. In these neurons, SNAP25 and CGRP were noted to be colocalized. 
A, C, and D botulinum toxins (but not B) also blocked calcium-dependent SP 
release from the same neurons [14]. BoNTs, however, failed to block capsaicin- 
induced elevation of CGRP from trigeminal neurons. In a later experiment, the same 
group of researchers studied and noted that an A/E chimera of BoNT which specifi-
cally targets the sensory cells can subdue capsaicin activation of TRPV1 nocicep-
tive channel as well as the rise of CGRP that results from capsaicin exposure [15].

Matak et al. [16] demonstrated the role of SP in the analgesic effect of BoNT-A 
by studying knockout mice lacking encodement of SP-neurokinin gene. In this 
model, injection of BoNT-A before formalin in mice showed no analgesic effect. In 
another study [17], investigators found that injection of botulinum toxin-A reduced 
the number of immunoreactive substance P (SP-IR) and calcitonin gene reactive 
protein (CGRP) in the sensory neurons of dorsal root ganglia innervating pig’s blad-
der. In a recent experiment, special delivery of a genetically engineered BoNT-D 
protease (light chain) to the sensory cells prevented release of substance P from 
sensory neurons [18]. Further support for effect of BoNTs on CGPR release was 
provided in another recent study where authors delivered the light chain (active 
moiety) of several BoNTs to rat’s DRG cells using engineered herpes simplex virus 
as a vector. They noted a marked decrease in CGRP release from DRG cells; this 
effect was most noticeable for Type D and A toxins.

Data from Animal Studies
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 Effect of Botulinum Toxins on Pain Channels and Receptors

 Effect on Sodium Channels

As mentioned above, activation of Na + channels in response to a noxious stimulus 
generates a propagating action potential in the peripheral nerve. Sodium channels 
are present in abundance on pain receptors, C fibers, and DRG, and hence play a 
pivotal role in transmitting nociceptive signals. Among a variety of known 
Na + channels, Na1.7, Na1.8, and Na1.9 are most relevant to pain. The Na + chan-
nels are classified as tetrodotoxin sensitive (TTX-S) with a fast activation/inactiva-
tion nature, whereas tetrodotoxin-resistant (TTX-R) channels have slow activation/ 
inactivation. Na1.7 is a TTX-S channel, whereas Na 1.8 and 1.9 are TTX-R type of 
sodium channels. Sodium channel mutations are associated with some of the most 
severe forms of human pain such as the pain experienced in erythromelalgia [19]. 
Shin et al. [20] have shown that injection of botulinum neurotoxin A2 significantly 
inhibits neuronal Na channel in rats. Unlike tetrodotoxin (TTX), local anesthetics, 
and antiepileptic drugs, BoNT completely inhibited Na channels in a concentration- 
dependent manner. The authors concluded that type A neurotoxins inhibit mem-
brane Na (+) channel activity in CNS neurons and also in both TTX-sensitive  
and -insensitive peripheral dorsal ganglion cells (40% more than controls). Based 
on their results, they suggested that BoNT-A2 has a potential for treatment of epi-
lepsy and several types of pain.

 Effect on Transient Receptor Potentials (TRP) Channels

One of the major areas of progress in understanding the molecular physiology of 
pain is the discovery of transient receptor potential channels (TRPs) [21]. TRPs are 
expressed specifically on sensory nociceptive neurons. These receptors which are 
made of vanilloid protein (TRPV) are cation-gated calcium channels. Produced by 
DRG neurons, these protein channels are then transferred by axonal transport 
peripherally to the nerve endings and centrally to dorsal horn neurons (Rexed lam-
ina II-substantia gelatinosa). There are several types of TRP channels designated as 
TRP1, TRP2, TRP3, TRP4, and TRP8, but TRPV1 plays the dominant role in neu-
ropathic and nociceptive pain. The influx of cations, especially calcium, opens the 
TRPV1 channel leading to hyperexcitability of the peripheral and central neurons 
enhancing pain. Heat of over 42 °C, chemicals such as capsaicin, and low pH of 
<5.9 directly stimulate and open the TRPV1 channel. A large number of other 
agents also activate TRPV1 indirectly including inflammatory mediators such as 
prostaglandin E2, proteases, and nerve growth factor (NGF) [22]. The function of 
TRPV1 channel seems to be different in peripheral (DRG) and central (dorsal horn 
of spinal cord) neurons. While TRPV1 in DRG neurons receives pain signals from 
periphery and conducts the information to spinal cord sensory neurons, activation of 
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TRPV1  in spinal cord neurons releases glutamate locally and promotes central 
excitability of the sensory neurons [23].

Inflammatory hyperalgesia is absent in TRPV1 knockout mouse [24], and 
TRPV1 expression is markedly enhanced in neuropathic pain and inflammatory 
hyperalgesia. Intrathecal injection of TRPV1 antagonist AS1928370 alleviates the 
neuropathic pain in the mouse model [25]. Another TRPV channel, TRPA1, is also 
upregulated in DRG and dorsal horn neurons by peripheral inflammation and is 
implicated in cold hyperalgesia caused by inflammation and nerve injury [26].

Several studies have shown that BoNTs can reduce or block the activity of TRP 
channels. In one study, injection of an engineered A/E botulinum toxin chimera 
reduced the function of TRP1 channel and improved capsaicin-induced hyperalge-
sia [15]. Xiao et al. [27] demonstrated that rats with neuropathic pain, when injected 
with botulinum toxin type A, showed reduction of clinical hyperalgesia and TRPV1 
expression after BoNT exposure. Subcutaneous BoNT-A injection (0.25, 0.5, or 
5 ng/kg) into the face close to the ophthalmic division of the trigeminal ganglion 
neurons decreased TRPV1-immunoreactive neurons in the trigeminal ganglion and 
TRPV1-immunoreactive fibers in rat trigeminal nerve terminals [28]. The authors 
believed that the mechanism by which BoNT-A reduced TRPV1 expression was 
inhibition of TRPV1 plasma membrane trafficking and proteasome-mediated deg-
radation in the cytoplasm. Further information on the effect BoNTs on TRP chan-
nels comes from the recent works of Zhang et al. [29] and Nuget et al. [30]. The 
former authors studied the effect of subcutaneous facial injection of BoNT-A on 
TRP4 expression in rat’s trigeminal neuralgia induced by chronic constriction injury 
to the infraorbital nerve. Four days after BoNT-A injection, rats injected with 3 and 
10 units of BoNT-A demonstrated significantly higher pain threshold compared to 
control rats who had not received toxin injections. Additionally, rats injected with 
this toxin showed significant reduction of expression of TRP4 compared to controls 
(P < 0.5). Nuget et al. [30] have also observed decreased expression of TRP1 in 
neonatal rats’ dorsal root ganglion using an E/A neurotoxin chimera in their experi-
ment; EA is an engineered toxin linking C chain of E to full chains of A toxin.

 Effect on Purinergic Channels

Purinergic receptors are ligand-gated Ca++ channels that respond to adenosine tri-
phosphate (ATP) stimulation. The P2x3-ATP-responsive receptor channel is specifi-
cally expressed in sensory nociceptive neurons. Purinergic channels have both 
chemical and mechanical sensitivity. ATP applied to a blister base causes pain in 
humans and also induces pain behavior in animals [31].

Apostolidis et al. [32] studied immunoreactivity of P2X3 and TRPV1 channels 
in the bladder biopsies of 38 patients with bladder overactivity (22 neurogenic type) 
after intravesical BoNT-A injection. Immunoreactivity of both channels was signifi-
cantly decreased at 4 and 16 weeks after BoNT injection; this finding was associ-
ated with improvement of the patients’ urinary urgency. Xiao et al. [33] assessed the 
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effects of BoNT-A or saline injection on P2X3 receptors in DRG neurons of rats 
experiencing neuropathic pain after L5 ventral root transection. Subcutaneous injec-
tion of BoNT-A into the rat’s left hind paw significantly reduced expression of 
P2X3 and pain behavior on days 4, 8, and 16 after surgery. Liu et al. [34], retrospec-
tively, evaluated the results of intravesical BoNT-A injection (200  units) in 27 
patients with overactive bladder (OAB) both clinically (6 patients) and in regard to 
its effect on tissue P2X3. BoNT-A injection cleaved SNAP 25 and effectively 
decreased the frequency of urgency episodes in patients with OAB.  Liposome- 
encapsulated BoNT-A injections decreased urothelial P2X3 expression in the five 
responders (p = 0.04). These data suggest that purinergic P2X3, like TRPV receptor, 
plays an important role in nociception, and reducing the function of P2X3 receptor 
has a potential to alleviate pain.

 The Role of Nerve Growth Factor (NGF) in Pain

Emerging data in the literature indicate that nerve growth factor is a major factor in 
nociception [31]. Development of peripheral nerve endings, C fibers, DRG neurons, 
and nociceptive sensory spinal neurons is highly dependent on NGF.  A specific 
NGF receptor, Tyrosine receptor kinase A (TrkA), is expressed in abundance on 
nociceptive neurons. Long-term exposure to NGF increases production of SP and 
CGRP as well as expression of Na+, P2X3, and TRPV1 channels [35]. NGF antago-
nists have been shown to exert analgesic effects [36]. In human, botulinum toxin 
injection into the overactive bladder has been shown to reduce the level of urinary 
NGF levels [36], but the effects of BoNT on NGF have not been properly studied 
yet in animal pain models.

 The Effects of Botulinum Toxins on Inflammation

As stated earlier in this chapter, exposure to chemicals, high or low temperature, and 
following nerve injury, pain mediators such as glutamate accumulate locally in the 
injured tissue [9, 11]. This would lead to vasodilation and development of inflam-
mation in the injured area. Inflammation, which is usually associated with lower 
tissue pH, starts a cascade of events leading to enhancement of pain through influ-
encing the function of pain receptors via a variety of mechanisms. Inflammatory 
cells can activate local production of NGF which enhances pain (see above). It has 
been shown that in acute inflammation, macrophages can directly invade DRG neu-
rons and interrupt the function of DRG’s sensory neurons [37]. Low pH caused by 
inflammation also triggers the acid-sensing sodium channels, resulting in hyperex-
citability of the neural tissue. Furthermore, lowered tissue pH activates ATP 
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production, which in turn opens the purinergic channels and TRPV1 channels lead-
ing to more excitation of nerve terminals. The resultant effects are mechanical 
hyperalgesia and thermal hyperalgesia due to stimulation of dermal nociceptors 
along with heightened and sustained excitability of nociceptive nerve terminals 
(peripheral sensitization) [38].

The literature pertaining to the presence of local inflammation in the peripheral 
nervous system, as observed in experimental pain models, is controversial. While 
some studies have shown clear evidence of local inflammation at the site of periph-
eral pain, others have failed to do so. Three controlled studies have demonstrated 
that local injection of BoNTs reduces accumulation of glutamate and local edema 
caused by local injection of pain-inducing agents [9, 11, 39]. Two of these studies 
injected BoNT-A and -B before formalin injection into rat’s paw [9, 11]. One study 
was performed in asymptomatic human volunteers in whom increased tissue gluta-
mate release was measured by dermal microdialysis [39].

In contrast to above-mentioned studies, Attal and coworkers did not find increased 
tissue accumulation of SP and CGRP in biopsy specimens of patients with neuro-
pathic pain [40]; however, the normal values used in their laboratory were not pro-
vided. Furthermore, in a study of capsaicin- and carrageenan-induced neuropathic 
pain (injected intratarsally), investigators did not find that pretreatment with BoNTs 
reduces focal edema or protein extravasation caused by these two agents [41].

Despite this controversial data reported on the presence of inflammation in 
experimental pain models (which may be related to the type of pain model and to 
technical issues), substantial literature indicates that BoNTs exert their antinocicep-
tive effect through subduing inflammatory processes; they do so by both affecting 
production and release of inflammatory agents and also by affecting major cellular 
players such as microglia in the inflammatory cascade.

Intra-articular injection of Botulinum toxin-A reduces expression of proinflam-
matory cytokines in the synovial tissue as well as reducing cartilage degeneration 
and local infiltration of inflammatory cells [42]. In a study using Freund adjuvant 
(FA) to inflame and destroy a joint, authors demonstrated that intra-articular injec-
tion of BoNT-A before FA injection reduces the number of inflammatory cells 
around the articular cartilage and synovial membrane of the involved joint [43]. In 
cyclophosphamide-induced cystitis, intravesical injection of BoNT-A decreased 
inflammatory cell accumulation and levels of SP and CGRP as well of bladder sen-
sitivity and pain behavior [44]. In animal model of capsaicin-induced prostatitis, 
injection of BoNT-A into bladder wall decreased inflammatory cells and the expres-
sion of cyclooxygenase 2 (COX2) in the bladder and spinal cord [45]. BoNT-A 
inhibits a family of G proteins including Rho guanosine triphosphatase which is 
essential for activation of interleukin-1, an important proinflammatory cytokine 
[46]. Intraprostatic injection of BoNT type A inhibits cyclo-oxygenase-2 expression 
and suppresses capsaicin-induced prostatitis in animal models [47].

In a rat constrictive injury model, injection of BoNT-A into metatarsal joint alle-
viated the neurogenic pain. The pain relief was associated with suppression of 
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inflammatory cytokine release from microglia; it was attributed to targeting and 
cleavage of a newly discovered SNARE protein, SNAP23 [48]. In another animal 
study of Freund’s adjuvant-induced arthritis, intra-articular injection of BoNT-A 
reduced pain and subdued the release of inflammatory agents released by activated 
spinal cord microglia [49]. Injection of BoNT-A into temporomandibular joint of 
rats affected by antigen (Freund’s adjuvant) alleviated joint pain and subdued the 
microglial P2X7 pain pathway activated by this antigen [50]. In the sciatic nerve 
injury model, intraplantar injection of BoNT-A activated microglia in the lumbar 
spinal cord ipsilateral to the injury along with improvement of thermal and mechan-
ical hypersensitivity [51]. In another study, using the same technique of injection 
and same toxin, examination of the spinal cord demonstrated activation of microglia 
and astrocytes in dorsal and ventral cords [52]. In another study, injection of 
BoNT-A into the paw of the rats with pain related to sciatic nerve injury alleviated 
pain behavior, decreased the level of pro-inflammatory cytokines, increased the 
level of anti-inflammatory interleukins, and decreased the activity of microglia in 
DRG and spinal cord [53].

 Spinal Cord Gabaergic Neurons and Pain: Effects 
of Botulinum Toxins

The activity of both superficial and deep laminae of the spinal cord’s dorsal horn is 
controlled by two inhibitory neurotransmitters, gamma-aminobutyric acid (GABA) 
and glycine. The interneurons of dorsal horn and inhibitory descending fibers act on 
GABA-A (ionotropic) and GABA-B (metatropic) receptors; activation of these 
receptors reduces excitation of spinal sensory neurons via hyperpolarization of the 
postsynaptic membrane and/or activation of a shunting conductance. Additionally, 
GABA can directly decrease glutamate release from primary sensory afferent fibers 
[54]. Therefore, enhanced function of Gabaergic neurons can reduce central sensi-
tization which results from hyperexcitability of spinal cord sensory neurons in 
chronic pain disorders.

Drinovac et al. [55] studied the role of the Gabaergic system on the analgesic 
effect of BoNT-A in the formalin model of inflammatory pain and in mechanical 
allodynia. In their experiment, intrathecal (1 ug) or intraperiteoneal 0.6–0.8  mg 
injection of bicuculline (GABA-A antagonist) prevented antinociceptive effect of 
onabotulinumtoxinA (5–7 units) in rats. The authors noted that their results pro-
vided evidence for a central mode of action for botulinum toxin-A in this pain 
model. They also demonstrated that intraperitoneal injection of bicuculline 
(P < 0.05) reversed the reduction of mechanical pain induced by BoNT-A. Since 
injection of bicuculline into cisterna magna did not reverse the effect of botulinum 
toxin-A, authors concluded that the effect of botulinum toxin must be at the spinal 
level (not supraspinal), and is partly mediated by inhibition of GABA effect 
centrally.
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 Effects of Botulinum Toxins on Opioid Channels

 Opioid Receptors

Opioid receptors are present in abundance in the brain and spinal cord and play a 
major role in pain modulation. Endogenous opioids include dynorphins, enkepha-
lins, endomorphins, and nociceptin. Among several described kinds of opioid recep-
tors, μ opioid receptors are most widely distributed in the peripheral and central 
nervous systems (brain, brain stem, and spinal cord).

Drinovac et al. [56] studied the potential role of opioid receptors in BTX-A’s 
antinociceptive activity in rat’s formalin pain model. As described previously in this 
chapter, pretreatment with BoNTs-A and B in this model alleviates local pain and 
reduces local accumulation of glutamate. To assess the effect of the opioid system 
on BoNT’s antinociceptive role in this model, the authors injected opioid antagonist 
naltrexone subcutaneously (0.02–2 mg/kg) or intrathecally (0.07  μg/10  μl–350 
μg/10 μl) in some rats, while other rats received selective μ-antagonist naloxonazine 
intraperitoneally (5 mg/kg). The influence of naltrexone (2 mg/kg s.c.) on BoNT-A 
antinociceptive activity was also additionally examined in partial sciatic nerve tran-
section induced experimental painful neuropathy. The authors found that antinoci-
ceptive effects of BoNT-A in formalin and sciatic nerve transection-induced pain 
were prevented by nonselective opioid antagonist naltrexone. Additionally, the 
pain-reducing effect of BoNT-A in this model was abolished by low dose of intra-
thecal naltrexone and by selective μ-antagonist naloxonazine. The decrease in dor-
sal horn’s c-Fos expression caused by BoNT-A injection was also prevented by 
injection of naltrexone. Prevention of BoNT-A effects on pain and c-Fos expression 
by opioid antagonists suggested to the authors that the central antinociceptive action 
of BoNT-A might be associated with the activity of endogenous opioid system 
(involving μ-opioid receptor).

 BoNT Effects on Nerve Regeneration and Nerve Recovery

Mice suffering from neuropathic pain and allodynia secondary to sciatic nerve liga-
tion demonstrate quicker recovery of walking pattern after intraplantar, intrathecal, 
or intraperitoneal injection of 15 pg/kg of onabotulinumtoxinA [57]. In this experi-
ment, authors used expression of S100β protein and glial fibrillary acidic protein 
(GFAP) by immunofluorescence to illustrate the changes in the sciatic nerve; there 
was evidence for structural modification such as expression of cell division cycle 2 
and growth-associated protein 43 (GAP-43) regeneration-associated proteins which 
suggested treatment with onabotulinumtoxinA facilitates nerve recovery. Lima 
et al. [58] also found that when compared with controls, transected tibial nerve also 
recovered faster in rats injected with BoNT-A into the gastrocnemius muscle. In 
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another study [59], using a similar mouse model of peripheral nerve injury, authors 
noted that injection of BoNT-B improved pain behavior but failed to promote func-
tional recovery. Cobianchi et al. [60] assessed the effect of low-dose (15 pg) intra-
plantar injection of BoNT-A in mice after inducing chronic constriction injury 
(CCI) of the sciatic nerve. They noted regrowing myelinated axons and increase in 
reinnervation of gastrocnemius and plantar muscles of the injected mouse compared 
to controls. Franz et al. [61] tested the effects of BoNT-A in mouse model of tibial 
nerve injury and human stem cells. Injection of BoNT into triceps surae of the 
mouse, 1  week before afflicting injury to the animal, resulted in significantly 
enhanced outgrowth of murine motor axons as well as the human motor neuron 
neurites tested in vitro (upon exposure to BoNT).

In a recent publication, Vacca et al. [62] reported on the effect of spinal injection 
of BoNT-A (between L4-L5 vertebrae) on the motor function of mice after induced 
traumatic spinal cord injury at T10–T11 level. BoNT-A was injected 1  h after 
induced injury. The dose of injected BoNT-A was 15  pg/5 μL corresponding to 
7.5 μ/kg of Botox (onabotulinumtoxinA). The results from toxin-injected mice were 
compared with a group of mice injected with saline at the same level. Motor recov-
ery was assessed by the Bosco Mouse Scale (BMS) and spinal reflex by tail-flick test.

All animals demonstrated absence of hind limb movements at day one after cord 
injury. On day four, gradual return of function was noted only in the BoNT-treated 
mice. At day 30 post injury, all subjects in the BoNT-injected group demonstrated 
complete recovery from paralysis, whereas all mice in the saline-injected group 
remained still paralyzed (P < 0.000). Mice injected with BoNT-A regained thermal 
sensitivity at day 20 post injection, but the saline-injected mice totally lost thermal 
sensitivity in the hind limb. The mechanical threshold for neuropathic pain was 
reduced in mice after injury and remained reduced only in the saline group 
(P = 0.007). Examination of the tissue showed less scar formation and considerably 
less spinal cord atrophy in the toxin-injected group (P < 0001). In the toxin-injected 
group, 30 days after injury, motor neurons were preserved in the spinal cord below 
the level of injury and survived, whereas they did not in the saline-injected group 
(P = 0.0036). Vesicular transporter of glutamate 1, a marker of neural excitability, 
was found significantly decreased in the toxin-injected group (P  =  0.0013). The 
authors suggested that retrograde transfer of the toxin from the site of injection to 
the site of injury accounted to the BoNT-A’s protective and regenerative action. In 
the authors’ words, “their study demonstrated an extraordinary ability for BoNT-A 
for neuroprotection and CNS regeneration.” The experiment also showed the BoNT- 
A’s potential for reducing neuropathic pain after spinal cord injury. The figure from 
their article demonstrates the site of injection and the cascade of events that fol-
lowed at the cellular level following BoNT-A injection leading to the toxin’s effect 
(Fig. 3.4). Luvisetto [63] has recently reviewed the emerging literature on the role 
of BoNT’s injection on enhancing the regeneration and recovery of injured nerves 
and emphasized the potential of BoNTs in treatment of pain caused by central or 
peripheral trauma.
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Fig. 3.4 Acute and chronic phase of nerve injury from Vacca et  al. [62]. Published in Toxins. 
Reproduced with permission from Publisher PMC

BoNT Effects on Nerve Regeneration and Nerve Recovery



42

 Evidence for Central Analgesic Effect 
of Botulinum Neurotoxins

Emerging data from in  vitro and in  vivo studies suggest that analgesic effect of 
BoNTs is, at least partly, related to their role on central nociceptive pathways [64–
66]. This information comes mainly from two lines of evidence:

 1. Data suggesting that the active moiety of peripherally injected BoNT travels 
along the peripheral nerve to the central nervous system.

This process has been demonstrated convincingly for motor neurons by Caleo 
and his colleagues in a recent experiment [67]. They have shown that catalytically 
active BoNT-A was transported to the facial nucleus (FN) in the pons after injection 
into the nasolabial musculature of rats and mice. BoNT-A-mediated cleavage of 
SNAP-25 in the FN was prevented by intraventricular delivery of antitoxin antibod-
ies, indicating that BoNT-A physically left the motor neurons to enter second-order 
neurons. Analysis of nerve terminals within the FN showed that BoNT-A was tran-
scytosed preferentially into cholinergic synapses.

In the sensory system, Matak et al. [68] have found cleaved SNAP-25 in spinal 
trigeminal nucleus caudalis and oralis after injecting BoNT-A into the rats’ whisker 
pad. In the optic system, after injection of BoNT-A into the rat’s eye, catalytically 
active, cleaved SNAP 25 appears in abundance in the superior colliculus (upper 
brain stem) and is transcytosed into the tectal synapses [69]. This transfer of toxin, 
after peripheral injection into the central nervous system, appears to be an active 
and energy-dependent process [64–69]. Indirect evidence for central effect of BoNT 
has been provided by the studies that have shown enhanced expression of c-fos and 
production of pain transmitters such as substance P and CGRP following peripheral 
injection of BoNT-B into spinal sensory neurons [11].

 2. Data from animal and human (asymptomatic volunteers) studies demonstrating 
improvement of bilateral limb pain after unilateral injection of BoNT.

Much of the data have been provided by the investigators of the Department of 
Pharmacology in the University of Zagreb in Croatia. Development of bilateral pain 
(mirror pain), after development of unilateral pain caused by exposure to noxious 
agents, is a curious phenomenon which has been shown to develop after unilateral 
injection/exposure of a nociceptive agent such as acidic saline [70]. Back-Rojecky 
and Lackovic [71] have shown that in the acid saline model of bilateral pain, unilat-
eral injection of 5 units of BoNT-A into the sciatic nerve on the side of saline injec-
tion improved pain bilaterally. This effect was blocked by injection of colchicine 
which prevents axonal transport. In another study, the same group of investigators 
[72] showed that unilateral injection of BoNT-A can reduce pain behavior bilater-
ally in rats with bilateral painful diabetic neuropathy. Similar bilateral effect after 
unilateral injection was also induced by abobotulinumtoxinA (Dysport) injection in 
the case of bilateral carrageenan-induced peripheral neuropathy [73, 74]. The 
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above-mentioned data in mirror pain support the notion that the analgesic effects of 
BoNTs are partly conducted through a central effect.

 Additional Mechanisms Potentially Promoting the Analgesic 
Effects of BoNTs in Pain

Fillipi et al. [75] have shown that injection of BoNT-A into jaw muscles of the rat 
substantially reduces the discharge of muscle spindles. Since muscle spindles pro-
vide a major sensory input into the spinal cord, and inhibiting this input can reduce 
the central sensitization caused by chronic pain. Local injection of BoNTs also 
impairs sympathetic transmission which is believed to contribute to pain chronicity 
and maintenance (sympathetically maintained pain) [76].

 Conclusion

Botulinum neurotoxins exert an analgesic effect through a myriad of different 
mechanisms. These include inhibitory actions upon pain receptors and pain trans-
mitters as well interference with inflammatory cascades that are at work in several 
pain states. In addition to their well-known peripheral analgesic effect, the emerging 
data have shown that after peripheral injection, the active moiety of the botulinum 
toxin is transported to the central nervous system suggesting an additional central 
analgesic effect. The animal data demonstrating the role of BoNT injection in neural 
regeneration and protection after spinal cord injury have major implications in 
human subjects both for recovery after injury and reduction of posttraumatic pain.
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Chapter 4
Botulinum Toxin Therapy for Neuropathic 
Pain (NP)

 Neuropathic Pain: Definition and Pathophysiology

Neuropathic pain (NP) is defined as a pain caused by a lesion or disease of the 
somatosensory system [1]. The site of disturbance or damage can be peripheral 
(peripheral nerve, plexus, or root) or central (spinal cord, brain stem, or thalamus). 
Typically, the pain has a burning, jabbing, and searing quality. Skin areas of allo-
dynia (touch perceived as pain), hyperalgesia (enhanced pain after exposure to pain-
ful stimuli), and hyperesthesia or dysesthesia (enhanced or altered sensations to 
touch) are common in neuropathic pain.

The exact pathophysiology of neuropathic pain is yet to be fully elucidated; 
peripheral neuropathic pain (PNP) is currently believed to result from damage to 
peripheral nervous system with irritation of nerve endings leading to accumulation 
of nociceptive transmitters and modulators (substance P, glutamate, bradykinin, cal-
citonin gene-related peptide, and others) at nerve endings and dorsal root ganglia. 
Accumulation of these agents produces local inflammation. Together, these two 
phenomena lower the sensory threshold of peripheral nerve endings to nociceptive 
stimuli (peripheral sensitization). Peripheral sensitization increases the number of 
nociceptive volleys into the spinal cord and leads to sensitization of sensory spinal 
cord neurons (central sensitization). The interplay between peripheral and central 
sensitization contributes to pain chronicity [2].

A number of mechanisms are now considered as contributors to neuropathic pain 
(Table 4.1) [3]. Modifying these mechanisms is the basis of strategies for NP ther-
apy. OnabotulinumtoxinA and B have shown the potential to alleviate pain in ani-
mals through a number of mechanisms. These mechanisms which are both peripheral 
and central were discussed in detail in Chap. 2 of this book.

This chapter discusses the current treatment of three common categories of neu-
ropathic pain and reviews the literature on the efficacy of botulinum neurotoxin 
(BoNT) therapy in three pain disorders. These pain disorders include postherpetic 
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neuralgia, posttraumatic neuralgia, and painful diabetic neuropathy. Trigeminal 
neuralgia, another form of neuropathic pain, is discussed in the chapter on facial 
pain disorders (Chap. 10); other forms of neuropathic pains are discussed as indi-
vidual chapters in this book. Observations on complex regional pain syndrome, 
chemotherapy-induced pain, and residual pain after amputation are also briefly dis-
cussed at the end of this chapter.

In this chapter and throughout this book, the level of efficacy for BoNTs is 
defined according to the guidelines of the Therapeutics and Assessment 
Subcommittee of the American Academy of Neurology (AAN). These guidelines 
require two class I studies for level A evidence (effective or not effective). For level 
B evidence (probably effective/ineffective), one class I or two class II studies are 
required. Presence of only one class II study denotes a level C (possibly effective/
ineffective) evidence. Level U means efficacy is undetermined [4, 5].

Currently, out of 7 well-defined serological types of botulinum neurotoxins (A to 
G), only types A and B are approved by the FDA for clinical practice. Among type 
A toxins, onabotulinumtoxinA (Botox), incobotulinumtoxinA (Xeomin), and abob-
otulinumtoxinA (Dysport) are widely used in the United States for different clinical 
conditions. The composition and serological characteristics of these toxins, as well 
as a their preparation for use, were discussed in Chap. 2.

 Postherpetic Neuralgia (PHN)

Herpes zoster (zoster in Greek meaning belt) results from reactivation of varicela- 
zoster (VZ) virus usually in individuals who previously have had chicken pox and 
developed cell-mediated immunity after the infection. The reactivation takes place 
in cranial nerves or dorsal root ganglia with the spread of the virus to sensory nerves 
and corresponding dermatome. Diabetic and immunocompromised patients are 
more prone to zoster infection.

The extent of pathology varies widely from patient to patient. There is often 
substantial reduction of epidermal nerve fibers (small unmyelinated fibers) and loss 
of subepidermal plexus. Reinnervation is slow, and skin biopsy, even 10 years after 
the infection, shows incomplete innervation [6]. In one study, magnetic resonance 
imaging showed signal changes in the spinal cord and brain stem (56%) and cere-
brospinal fluid demonstrated inflammatory cells in 61% of the patients affected by 
acute zoster infection [6]. Varicella-zoster vaccination with older vaccine (Zostavax) 
reduces development of PHN by 66.5% between ages 60 and 80 years [7]. According 
to Center of Disease Control (CDC), the newer zoster vaccine (Shingrix) that 
requires two injections, few months apart, is more than 90% effective to prevent 
shingles and postherpetic neuralgia. Antiviral therapy reduces the risk of developing 
PHN [8]. The concurrent steroid therapy does not reduce the risk of PHN but allevi-
ates the initial acute pain [9].

The rash of herpes zoster is typically in the distribution of peripheral nerves 
(Fig.  4.1). Pain associated with zoster infection may manifest before the rash 
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Fig. 4.1 WHO pain ladder for treatment of postherpetic neuralgia

Postherpetic Neuralgia (PHN)
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(presymptomatic neuralgia), during the rash, or even later after the rash has cleared 
up. The typical PHN usually persists beyond 3 months after the zoster infection. The 
incidence of postherpetic neuralgia increases with age: 5% for individuals younger 
than 60 years of age, 10% for those between 60 and 69, and 20% for those 80 years 
of age or older [10]. Older age, severity of the initial acute pain [11], presence of 
larger fiber neuropathy (A-beta fibers with loss of vibration) [12], and slow clear-
ance of the virus from saliva [13]) increase the risk of PHN. A recent meta-analysis 
of published literature has shown that presence of extensive skin rashes and ophthal-
mic herpes also correlates with higher incidence of postherpetic neuralgia [14].

 Treatment

PHN is one of the most severe forms of human pain. Affected individuals cope with 
poor quality of life and are often disabled by severe bouts of pain [15]. Approximately, 
40% of the patients with PTN consider their pain as severe [16]. A variety of oral 
and topical medications are currently in use for treatment of PHN [17]. Medical 
treatment includes the use of topical anesthetics, tricyclic antidepressants, gabaergic 
medications, steroids, and opioid analgesics. Among topical analgesics, lidocaine 
patch 0.5% (every 12 or 24 h) is commonly used. It should be applied only to intact 
skin. Nortriptyline can be started at a daily dose of 25 mg and increased by 25 mg 
daily (up to 150 mg, if tolerated). Gabapentin and pregabalin, due to their safer side 
effect profiles, are often used as first-line drugs sometimes in combination with tri-
cyclic agents. The starting dose is 300 mg and 75 mg at bedtime for these two drugs, 
respectively. The dose can be escalated gradually to a maximum of 3600 for gaba-
pentin and a maximum of 600 for pregabalin in patients suffering from severe pain. 
In a recent study published from Mayo clinic, authors have shown that the incidence 
of postherpetic neuralgia was significantly lower in patients with diabetic and non-
diabetic painful neuropathies who had been treated with gabapentin prior to devel-
opment of herpes zoster [18]. The use of steroids is controversial due to poor 
tolerance by elderly. If used, the recommended regimen for prednisone is a starting 
dose of 60 mg for 7 days and then decreasing the dose by 15 mg every 7 days until 
stopping treatment. In more severe cases, postherpetic neuralgia can be treated with 
opioid analgesics. The starting dose of tramadol is 50 mg daily to be increased by 
50 or 100 mg every 2 days to a maximum of 400 mg (300 for individuals older than 
75 years). The recommended starting dose of oxycodone is 5 mg every 4 h as needed 
to be increased by 5 mg four times daily every 2 to 4 days. The maximum dose is 
not specified, but should not exceed 120 mg daily [17].

During the acute phase of pain, to prevent patients’ suffering, the European and 
German guidelines advocate using analgesic medications for treatment of PHN 
according to the WHO pain relief ladder [19, 20] (Fig. 4.1). Unfortunately, a size-
able number of patients with PHN fail to respond to currently available medications. 
Recent reports on a limited number of patients with severe postherpetic neuralgia 
noted pain and itch relief after extracorporeal shock wave therapy (ECSW) [21] and 
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autologous fat grafting [22]. In recalcitrant cases with intractable pain, a variety of 
neurosurgical procedures have been tried with some degrees of success; these pro-
cedures included spinal cord stimulation (SCS), dorsal root entry zone (DREZ) 
lesioning, intrathecal drug delivery, dorsal root ganglion (DRG) radiofrequency 
lesioning, peripheral nerve stimulation, gamma knife surgery, deep brain stimula-
tion, cordotomy, percutaneous radiofrequency rhizotomy, and Gasserian ganglion 
stimulation [23].

 BoNT Studies in Postherpetic Neuralgia (PHN)

Two double-blind studies have investigated the efficacy of botulinum toxin-A in 
postherpetic neuralgia.

The first study by Xiao et  al. [24] assessed pain relief by visual analog scale 
(VAS) at 1, 7, and 90 days after subcutaneous injection of BoNT-A in 60 patients 
with PHN. Quality of life was measured by improvement in sleep hours. Patients 
were randomized and assigned blindly into three groups: BoNT-A, lidocaine, and 
placebo (20 in each group). The baseline level of pain and sleep disturbance was 
comparable between the three groups. The location of herpetic skin lesions was 
orofacial (n = 11), cervical and upper extremity (n = 14), thoracic (n = 18) as well 
as lumbar and lower limbs (n  =  17). A Chinese botulinum toxin-A prepared by 
Lanzhou Institute was used for this study. The injecting solution was prepared by 
mixing 100  units of this toxin with 2  cc of preservative-free saline (5  units/cc). 
Injections were subcutaneous, grid-like, 1 cm apart, and into the region of tactile 
allodynia. Patients in the BoNT group had significantly better pain relief compared 
to the two groups on lidocaine or saline (P < 0.01). BoNT analgesic response began 
at days 3 to 5, peaked at 1 week, and continued for 3 months. The improvement of 
sleep from BoNT was also superior compared to the lidocaine and placebo groups 
(P < 0.05). Patients in the BoNT group also used significantly less opioids (22% vs. 
52% and 66% in the BoNT, lidocaine, and placebo groups, respectively). Side 
effects consisted only of pain at the time of injection.

Three years later, Appala et al. [25] published the results of a prospective, double- 
blind, parallel study comparing the effect of BoNT-A (onaA) with placebo in 30 
adult subjects with PHN. In the BoNT-A group, the toxin was diluted with 4 cc of 
normal saline and injected subcutaneously via a 30-guage needle in a “chessboard 
manner.” The dose per injection site was 5 units. A total of 100 units were used. The 
severity of pain was assessed by VAS (0–10) at baseline, and then daily for the first 
2 weeks, followed by every 2 weeks until the 12th week and every 4 weeks until the 
24th week. The primary outcome was 50% or more reduction in VAS score mea-
sured at week 4 compared to baseline. The secondary outcome was improvement of 
quality of sleep evaluated by a 5-point questionnaire (very bad to very good) 
recorded at the same time frames. The maintenance of improved VAS scores beyond 
the first 4  weeks was also considered a secondary outcome. Significant VAS 
improvement was reported at 4 weeks and also over subsequent weeks (for the toxin 
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group, P < 0.001). Patients receiving BoNT also demonstrated significant improve-
ment in quality of sleep and reduction of sleep scores along the same timelines.

These data are supported by three Class III studies (controlled, but not blinded) 
recently published on the issue of BoNT therapy for PHN (Table 4.1).

In a meta-analysis study of 12 randomized clinical trials (RCTs) focusing on 
interventional therapy, botulinum toxin injection and radiofrequency pulse therapy 
were found to be the most effective modes of treatment for postherpetic neuralgia. 
BoNT therapy was superior to spinal cord stimulation at 2 weeks and 3 months [29].

In another meta-analysis of 7 RCTs including 725 patients, Li et al. [30] found 
treatment with botulinum toxin for postherpetic neuralgia decreased VAS scores 
significantly at 1  month (P  <  0.0001), 2  months (P  <  0.0007), and 3  months 
(P < 0.0001) post injection. The authors concluded that BoNT therapy in posther-
petic neuralgia is effective and safe.

 Case Report

A 62-year-old female was referred to the Yale Botulinum Toxin Treatment Clinic for 
evaluation of severe right retroauricular pain. The onset of pain was specified to 
2 years ago by the patient. At the onset, the pain involved both inside and behind the 
right ear. A course of antibiotics was not helpful. A few weeks later, with the appear-
ance of typical skin lesions, zoster infection was diagnosed and treated with 

Table 4.1 Class III (controlled, but not blinded) studies suggesting efficacy of BoNT 
therapy in PHN

Author/
date #pts

Type of 
toxin

Dose 
(units); site 
of injection

Assessment 
scale(s) Frequency Results

Ding 
et al. 
[26]

58 Type A
Chinese 
toxin

50–100
SC

VAS, NPS, 
SF-36

First at 
2 weeks, then 
every month 
for 6 months

VAS improved in 78% 
of patients along with 
significant improvement 
of NPS and SF-36 
(P < 0.05)

Jain 
et al.  
[27]a

19 Type A
aboA

500,
25 u/site;
SC

VAS 1, 2, 4, 8, and 
16 weeks

Significant improvement 
of VAS
(P < 0.05) in all 
assessments

Hu et al.  
[28]

13 Type A
Chinese 
toxin

50–100,
4 u/site;
SC

VAS 1, 2, 4, 6, 12, 
and 16 weeks

Initial VAS >9 for all 
patients. At week 8, 
VAS score was under 4 
for all patients 
(P < 0.05)

VAS Visual analog scale, NPS Neuropathic pain scale, SF-36 quality of life scale, SC subcutane-
ous, aboA abobotulinumtoxinA (Dysport)
aThis study included two pregnant women; both had an uneventful pregnancy and delivered nor-
mal babies
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Acyclovir. The skin lesions gradually improved, but the right retroauricular pain 
continued and grew in intensity. Some of the bouts of pain ended in severe head-
aches. The pain was described as jabbing and stabbing resulting in loss of sleep and 
marked apprehension in anticipation of the next bout. A variety of analgesic medi-
cations including gabapentin, pregabalin, and oxycodone were not helpful. The pain 
was often scored as 10 of 10 on visual analog scale (VAS) and described as 
unbearable.

On examination, there was discoloration along with scars of zoster infection 
behind the right ear. A total of 60 units of onaA toxin was injected in a grid-like 
pattern behind the left ear subcutaneously at 20 points (3  units/point) using a 
30-guage needle (Fig. 4.2). The dilution was 100 units per 2 cc of saline. Patient 
reported a sharp drop in pain frequency and intensity (VAS down from 10 to 3) 
5 days after the injections. The pain then disappeared at week 2 postinjection and 

Fig. 4.2 The scheme of 
injection in the case 
presented above with 
herpetic involvement of 
skin behind the right ear

Case Report
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gradually reappeared at 2.5 months. Over the next 2 years, the patient received simi-
lar injections every 3 months. Each treatment resulted in significant reduction in 
pain. The last injection lasted 6 months with the returning pain reported as subtle 
(1 in VAS scale). The patient described no side effects. In an interview 2 years after 
treatment, the patient was very pleased with the outcome.

 Comment

The author has treated six patients with PHN with subcutaneous injections of 
onaA. The dose ranged from 60 to 200 units based on the extent of the involved 
skin. The treatment was very effective in five patients (example, Case 1). In one 
patient with very extensive zoster infection of the chest wall, however, treatments 
with onaA (twice) similar doses failed to alleviate the pain.

Based on the above-mentioned two class I studies, BoNT-A treatment possesses 
level A efficacy (effective) for treatment of PHN [34]. The role of other BoNTs 
needs to be investigated. Failure of some patients with PHN to respond to onaA may 
be related to extensive pathology possibly extending to pain pathways in CNS or 
possibly requiring higher doses.

 The Effect of Botulinum Toxin on Itch Associated with PHN

In 2008, Salardini et al. [31] first reported significant improvement of a recalcitrant 
itch with local onabotulinumtoxinA injection in a patient who had developed severe 
pruritus (itching) at the site of frontal sinus surgery. Since then and based on addi-
tional reports, local injection of BoNT-A is considered as a therapeutic option for 
chronic pruritus in dermatology [32]. Recently, Gharib et al. [33] reported marked 
improvement of pruritus associated with PHN after injection of onabotulinumtox-
inA in four patients. The toxin was injected into the dermis, 2.5–5  units/site, 
2 cm apart.

 Posttraumatic Neuralgia

Pathophysiology Peripheral trauma triggers a cascade of events which involve 
nociceptor receptor sites, peripheral nerve endings, dorsal root ganglia (DRGs), spi-
nal cord neurons, and central sensory neurons. Damaged nerve endings often accu-
mulate pain mediators (glutamate, substance P) and new sprouts from the nerve 
endings demonstrate increased density of sodium channels [35] which increase 
peripheral nociceptive firing and generate ectopic discharges. New sprouts show 
increased sensitivity to cytokines, prostaglandin, and catecholamines. This periph-
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eral sensitization increases the volume of nociceptive volleys which enter dorsal 
root ganglia and the spinal cord increasing neural excitement and leading to neuro-
pathic pain..

Histologic changes which develop after peripheral trauma in DRG and spinal 
cord indicate increased neural excitation. In DRG, there is overgrowth of sympa-
thetic nerves and abnormal linkage of A and C fibers [36]. In the spinal cord, dark 
cells appear in dorsal horns which presumably represent dying inhibitory neurons of 
glycinergic and gabaergic types [37, 38]. Demise of inhibitory neurons leads to 
enhanced excitation of central neurons. It has also been shown that after peripheral 
nerve injury, many large alpha/beta afferents (usually ending in Rexed lamina III) 
grow and penetrate more superficial levels (Rexed lamina II and I of dorsal horn) 
and gain access to low threshold pain afferents [39].

 Treatment

The pain after peripheral nerve injury has the character of neuropathic pain and is 
characterized by local burning sensation and hyperalgesia. In general, medical treat-
ment of posttraumatic neuralgia utilizes administration of analgesic agents as listed 
above in Table 5.2 for postherpetic neuralgia. Additional treatments for persistent 
PTN include nerve block by single injection or infusion, transcutaneous electrical 
nerve stimulation (TENS), and transcutaneous magnetic stimulation of peripheral 
nerves as well as spinal cord (dorsal horn) stimulation which leads to increased 
GABA release. In some cases, surgery may be necessary for removing a posttrau-
matic local neuroma.

 BoNT Treatment of Posttraumatic Neuralgia

 (A) Posttraumatic Neuralgia Secondary to Peripheral Trauma

Two placebo-controlled and double-blind studies have provided information on 
the efficacy of BoNT therapy in posttraumatic neuralgia.

Ranoux et al. [40] screened 61 consecutive patients of whom 29 met the criteria 
of neuropathic pain and eligibility for BoNT treatment. These patients were enrolled 
in a randomized, prospective double-blind study that investigated the efficacy of 
onaA in neuropathic pain. Nineteen patients were women. Twenty-five patients had 
posttraumatic neuralgia, and four patients had postherpetic neuralgia. In the post-
traumatic group,18 patients had surgical trauma and seven nonsurgical trauma to 
single nerves. The primary outcome was self-reported level of pain in past 24 h on 
an 11-point scale of brief pain inventory (0–10) from a diary. Pain level was assessed 
at baseline and at 4 and 12  weeks postinjection. Secondary outcomes included 
degrees of brush allodynia, mechanical sensation and pain threshold, thermal 
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sensations and pain threshold, as well as neuropathic pain symptom inventory; all 
were assessed at aforementioned time points.

A neurologist, not involved in the study, administered the BoNT-A (onaA) solu-
tion intradermally at points 1.5  cm apart. The dilution was 100  units in 4  cc of 
preservative- free saline. The mean number of injection sites was 20 +/− 8.3. The 
dose ranged from 20 to 190 units.

The pain intensity started to decrease from week 2 (P = 0.02) in favor of onaA 
and remained improved until week 14 (P  =  0.03). The average pain intensity 
assessed at each visit improved in the toxin group (0.007). Allodynia to brush also 
improved significantly, and pain threshold to cold was decreased in the BoNT 
group. Injections were painful, but no patient reported any side effects.

Attal et  al. [41] assessed efficacy of repeated BoNT injections in 64 patients 
(34 in BoNT group, 32 in saline group) with neuropathic pain in a double-blind, 
placebo-controlled study that was conducted at three centers. Twenty-five patients 
who received BoNT (74%) injections had posttraumatic neuralgia. Patients had two 
injections, 12 weeks apart. The selected toxin for the study was onabotulinumtox-
inA (onA/Botox). Injections were done 1.5 to 2 cm apart, 5 units per site. Depending 
on the extent of the involved skin, up to 300 units were injected (mean total dose of 
injection for the first injection was 199 units and the for the second injection was 
176.8 units). The patient’s response was evaluated at 4, 6, 12, 16, and 24 weeks after 
the first injection. The primary outcome was the efficacy of two successive injec-
tions of onaA compared to placebo measured as mean pain intensity in visual ana-
logue scale (VAS) of 0–10. The secondary outcomes were safety and tolerability 
during the study period and the therapeutic gain in terms of relief of spontaneous 
pain as well as a number of other measures (neuropathic pain symptom inventory, 
local hyperesthesia, etc.). Compared to placebo, self-reported pain intensity was 
significantly decreased after week 1 following each of the two injections and con-
tinued to be significantly decreased in each of the successive weeks during the dura-
tion of the study (Ps ranging from 0.013 to 0.0001) (Fig. 4.3). A number of secondary 
outcomes also showed significant improvement such as patients’ global impression 
of change (PGIC). Side effects were limited to pain at the site of injection, and it did 
not differ between toxin and placebo.

The following case of BoNT therapy in posttraumatic neuralgia is presented 
from the author’s experience.

 Case Report

A 56-year-old woman was referred to the Yale Movement Disorder Clinic for evalu-
ation of severe posttraumatic neuralgia and to be considered for BoNT treatment. 
Twelve years earlier, her car was forcefully rear-ended when she braked hard in 
order to avoid hitting a car in front of her. The accident heavily bruised her right 
ankle and the lateral aspect of her right foot. The foot and ankle continued to ache, 
and an area of intense allodynia developed over the lateral malleolus extending up 
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to the lower leg. A large number of medications failed to improve either the pain or 
the local allodynia. The most recent medications included gabapentin, pregabalin, 
tramadol, capsaicin ointment, and voltaren gel. In the patient’s own words: “The 
physical, emotional and psychological impact of my chronic pain defies description. 
Everynight, I have to take tylenol, advil, ambien, apply ankle soak, topical pain 
cream and heat wrap in order to be able to sleep. With all this, many nights I am 
unable to sleep due to persistent pain. Even the pressure of sheets, would cause the 
pain to flare up – sleeping on my side is impossible.”

On examination, muscle strength was normal, but foot movements were slow 
and intensified the ankle pain. A large area of allodynia and hyperesthesia was pres-
ent including the lateral aspect of the right foot extending 10 cm above the right 
ankle. The most intense allodynic region was over the lateral malleolus extending to 
5 cm above (Figs. 4.4 and 4.5).

Fig. 4.3 Significant response of pain paroxysms and allodynia to BoNT-A treatment in a cohort 
with posttraumatic pain. (From Attal et  al., Lancet 2016. Reproduced with permission from 
Publisher (Elsevier))
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OnabotulinumtoxinA (onaA) was injected subcutaneously into the dorsolateral 
aspect of the right foot (50 units; 20 sites—grid pattern) including the region of 
lateral malleolus (Fig. 4.4). The patient reported 30% reduction of pain (VAS score 
went down to 7 from 10) a week after the first injection and 90% decrease after the 
second injection (VAS score went down to 1–2) 6 months later. The patient noted: 
“the effect after the second injection was astounding. I stopped taking gabapentin 
and using pain wrap at night. I can now wear high heal shoes and clothes that rub 
against my ankle. I am looking forward to wearing boots for the first time in 

Fig. 4.4 Sites of subcutaneous injections. Darker dots represent the areas of maximum pain and 
tenderness

Fig. 4.5 Suggested sites 
of injection (subcutaneous) 
in painful diabetic 
neuropathy. Drawing 
courtesy of Damoun 
Safarpour, MD
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12  years!”. An examination 3  months after the second injection showed marked 
reduction of allodynia which was now much less intense and limited to only a small 
area above the lateral malleolus.

 (B) Posttraumatic Neuralgia Secondary to Spinal Cord Injury

Central posttraumatic neuralgia is caused by trauma to the central nervous sys-
tem, and in most cases, the site of trauma is the spinal cord.

Han et al. [42] investigated the effect of BoNT injection in 40 patients who suf-
fered from chronic neuropathic pain following spinal cord injury. The study was 
double-blind and placebo-controlled assessing the effect of subcutaneous injection 
of 200 units of onabotulinumtoxinA (Meditoxin, South Korea) delivered in a check-
erboard pattern into the region of pain. Patients were evaluated with VAS, short- 
form McGill pain questionnaire and the Korean version of World Health Organization 
quality of life questionnaire (WHOQOL-BREF). Evaluations were performed 
before BoNT injection and at weeks 4 and 8 after the injection. At 4 and 8 weeks 
after injection, the VAS score (primary outcome) for pain was reduced by 18.6 and 
21.3  mm, respectively, for onaA group compared to 2.6 and 0.3  mm reduction, 
respectively, noted for the placebo group. The comparative values for both 4 and 
8 weeks were statistically significant in favor of onaA (P = 0.0027 and P = 0.0057). 
Among secondary outcomes, the Korean version of SF-MPQ showed significant 
reduction of the total score (P = 0.0008) as well as significant reduction of sensory 
and affective scores in the onaA group. Among the responders in the onaA group, 
55% and 45% reported pain relief of 20% or greater at 4 and 8 weeks compared to 
15% and 10% in the placebo group. Improvements in the score for the physical 
health domain of the WHOQOL-BREF in the BoNT-A group showed a trend toward 
significance (P = 0.0521) 4 weeks after the injection. No motor or sensory deficit 
was noted after BoNT injections.

Recently, Chun et al. [43] in a double-blind cross-over study tested the efficacy 
of BoNT-A against placebo in 8 patients with spinal cord (SC) injury at T10–L3 
level and persistent posttraumatic neuralgia. Patients received a total dose of 
200 units of onabotulinumtoxinA injected subcutaneously in a grid-like pattern into 
several sites, 1 cm apart from each other. Although the pain intensity results (mea-
sured by VAS) did not reach the level of statistical significance (probably due to the 
small number of patients), the percentage of patients that demonstrated improve-
ment of the average pain intensity from baseline (weeks 8 and 12) was considerably 
higher in the BoNT group compared to the placebo group (33% vs. 0%). Additionally, 
at 2 and 4  weeks post-BoNT-A injection, almost all participants reported some 
degree of reduced pain, while the same was not observed postplacebo injection 
(83% vs. 0%).

The above-mentioned human observations on the analgesic effect of BoNT ther-
apy for PTN in SC injured human are supported also in animal models of spinal 
cord injury with posttraumatic neuralgia and allodynia [44, 45].

Comment The level of evidence for efficacy of onaA for PTN after peripheral 
nerve injury is A (effective) based on the above-mentioned two class I studies. The 
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case presented above is an example of PTN with severe allodynia showing a remark-
able response to onaA after two treatments. Similar more significant responses after 
the second or third injection with onaA have also been reported for chronic migraine 
(see Chap. 5). A number of patients with PTN may later develop complex regional 
pain syndrome (CRPS), a condition which is more difficult to treat. An important 
remaining question is whether or not early treatment of PTN with onaA may pre-
vent development of CRPS in some patients. The level of evidence for efficacy of 
onabotulinumtoxinA in posttraumatic neuralgia caused by spinal cord injury is B 
(probably effective), based on the availability of one class I study [42].

 Metabolic and Drug-Induced Painful Peripheral Neuropathies

A large number of metabolic derangements and medications affect the peripheral 
nerves. In some, pain is a major symptom. Total coverage of all painful metabolic 
neuropathies is beyond the scope of this chapter. The focus of this section is on pain-
ful diabetic neuropathy, the only metabolic neuropathy for which blinded, placebo- 
controlled clinical trial results with BoNT treatment are available. No blinded data 
on BoNT treatment of drug-induced peripheral neuropathies is available; however, 
because of its importance and frequency, neuropathic pain related to chemotherapy 
is briefly discussed with a representative case report from the author’s experience 
with onaA.

 Diabetic Neuropathy

Among metabolic disorders, diabetic neuropathy (DN) can be considered a model 
of metabolic neuropathic pain. Painful neuropathy is more common in type 2 diabe-
tes with prevalence of 25–26% [46] versus the 16% reported for type 1 diabetes 
among the younger individuals [47]. The persistent pain often has a burning and 
aching quality. Examination shows reduced or lost sensory modalities consistent 
with DN as well as areas of hyperesthesia and allodynia. Chronic pain causes anxi-
ety and depression impairing the quality of life due to psychosocial distress and 
disrupted sleep.

 Pathophysiology

For years, hyperglycemia was considered the main reason for development of pain 
in DPN. Recent data suggests hypoinsulinism and abnormal insulin signaling as 
important contributing factors as well [48]. At the molecular level, sodium channels, 
nonselective calcium channels linked to transient receptor potential receptor (TRP) 
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and receptors for nerve growth factors (Trks) are all expressed highly in DRG neu-
rons and believed to have a role in the pain of diabetic neuropathy. More recently, 
CaV3.2 T-type voltage-gated calcium channels (T-channels) have been identified as 
key players in the sensitized (hyperexcitable) state of nociceptive sensory neurons 
(nociceptors) in response to hyperglycemia and suggested as important players in 
painful symptoms of diabetic neuropathy [49]. The role of different sodium chan-
nels in pathophysiology of PDN is currently being explored.

 Treatment of Painful Diabetic Neuropathy (PDN)

The treatment strategy for PDN focuses on controlling hyperglycemia and the use 
of known drugs for neuropathic pain. However, a recent comprehensive review of 
the subject of painful and nonpainful diabetic neuropathies noted that less than one- 
seventh of patients with PDN express sufficient pain relief from current medications 
[50]. Recently, new modalities of treatment have been introduced in this area based 
on a phenotypic profiling approach. For instance, carbamazepine may correct the 
hyperexcitability caused by a sodium channel Nav1.8 mutation in a patient with 
PDN [51]. Moreover, it has been shown in one double-blind, placebo-controlled 
study that lacosamide a Nav1.7 and Nav1.8 sodium channel blocker significantly 
reduces pain in patients with Nav1.7 SFN [52].

 BoNT Treatment in Diabetic Neuropathy

Five double-blind, placebo-controlled studies have investigated the efficacy of onaA 
in painful diabetic neuropathy. The design of these studies, study class, type and 
dose of toxins used, outcome measures, and results are shown in Table 4.2. The 
technique of injection per Yuan et al. [53] is presented in Fig. 4.5.

 Comment

The studies cited in Table 4.2 show significant improvement of pain, sleep quality, 
tactile, and mechanical hyperesthesia in patients with PDN following subcutaneous 
or intradermal injection of BoNTs in the involved feet. Both onaA and aboA have 
been shown to be efficacious. Side effects were minimal and mainly confined to 
pain at the site of injection. Since all studies despite being double-blind and placebo- 
controlled are class II, in the absence of class I studies, the level of efficacy of BoNT 
in PDN is defined as “probably effective “using AAN guidelines [4, 5]. There is a 
need for conducting multicenter class I studies in this area.

Comment
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Table 4.2 Double-blind placebo-controlled studies assessing the efficacy of BoNTs in PDN

Authors 
and year

Study 
class 
design

# 
patients Toxin

Total 
dose/ 
units/ 
injection 
site

Mode and 
site of 
injection

Assessment 
scale(s) Results

Yuan 
et al.  
[53]

II, CO 20 onaA 48/foot Intradermal, 
4 units/site, 
12 sites 
(Figs. 4.4, 
4.5 and 4.6)

VAS PSQI 
(Chinese 
version); 
quality of 
life (SF32)

VAS score 
reduced at weeks 
1, 4, 8, and 12 
(P < 0.05); sleep 
improved 1 week 
after onaA 
injection 
(P < 0.05); quality 
of life also 
improved more in 
onA group (P 
value not 
significant)

Chen 
et al.  
[54]

II, CO 18 onaA 48/foot Intradermal, 
4 units/site, 
12 sites

Tactile 
threshold; 
mechanical 
pain using 
weight 
strings

Tactile perception 
and mechanical 
pain were 
decreased 
markedly at weeks 
1, 4, 8, and 12 
after onaA 
injection 
(P < 0.05)

Ghasemi 
et al.  
[55]

II, PD 20 aboA 96–120/
foot

8–10 units/
site, 12 sites

VAS; NPS NPS: Reduced 
intensity 
(P < 0.001); VAS: 
30% no pain 
(P = 0.01).

Restivo 
et al.  
[56]

II, PD 50 onaA 100 & 
30/foot

Into GC 
muscle or 
small foot 
flexors

VAS; cramp 
frequency; 
cramp 
interference 
with daily 
life

All measures 
improved 
significantly over 
12 weeks

Salehi 
et al.  
[57]

II, PD 32 aboA 100/foot 12 sites using 
a grid pattern

VAS; PSQI; 
NPS

Significant 
improvement of 
VAS, PQSI, and 
NPS over 
12 weeks 
(P < 0.0001)

Taheri 
et al.  
[58]

II, PD 141 aboA 150/foot 12 sites VAS; sharp 
and hot 
sensations

All reduced 
significantly 
(P < 0.05)

CO Cross over design, PD Parallel design, VAS Visual analogue scale, onaA onabotulinumtoxinA 
(botox), aboA AbobotulinumtoxinA (dysport), NPS Neuropathic pain scale, PSQI Pittsburg sleep 
quality index, GC Gastrocnemius
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 Painful Neuropathy Related to Drugs 
and Chemotherapeutic Agents

There are no controlled studies assessing the efficacy of BoNTs in drug-induced and 
chemotherapy-related painful neuropathies. The case below describes author’s 
experience with one of the two patients in whom treatment with onaA resulted in 
marked improvement of pain associated with chemotherapy-induced allodynia .

 Case Report

A 64-year-old man was referred to the Yale Botulinum Toxin Treatment Clinic for 
evaluation of severe burning pain in both feet. One year earlier, he had been diag-
nosed as having a myelodysplastic syndrome for which he had received stem cell 
transplant. The pain began a month after the transplant while he was receiving 
immune system modifying agents (tacrolimus, cellcept, and prednisone). The pain 
first involved both upper and lower limbs equally, but intensified in the feet over the 
succeeding months. He described the pain as frequent “electrical shocks” or “like a 
swarm of bees stinging you all at once.” The most intense pain affected dorsal and 
ventral aspects of the big toe and the adjacent dorsum of the foot bilaterally. The 
pain worsened at night and was described as “excruciating.” The patient rated his 
pain in VAS as 10 out of 10. Treatment with a variety of analgesic medications 
including duloxetine, gabapentin, methadone, and oxycodone provided only mini-
mal relief.

Neurological examination showed decreased light touch, pin-prick and vibration 
sense in the distal part of all extremities, and absent ankle jerks. There was exquisite 
sensitivity to light touch in the dorsum and ventral aspects of the big toes as well as 
a small area on the dorsum of both feet close to the big toes which resulted in 

Fig. 4.6 Sites of BoNT 
injection in patient with 
chemotherapy-induced 
peripheral neuropathy

Case Report
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intense pain (severe allodynia) upon palpation. Each of these three areas, in each 
foot, was injected with 10 units of onaA subcutaneously. Six to eight sites were 
injected per area (1.5–2 units/site) for a total of 30 units per foot (Figs. 4.4, 4.5, 4.6 
and 4.7). Within 2 weeks after this treatment, the patient noted marked improve-
ment. In evaluations performed at 4 and 8 weeks after treatment, the patient reported 
his level of pain as 2 out of 10 “very low” in VAS. He expressed his level of satisfac-
tion in PGIC (patient global impression of change) as very satisfactory.

 Comment

Painful neuropathy related to chemotherapeutic agents is a major issue in clinical 
oncology. If controlled trials can demonstrate efficacy of BoNTs in alleviating this 
form of neuropathic pain, it would be very beneficial to these patients who are often 
on multiple medications and not enthusiastic about taking additional pain 
medications.

Fig. 4.7 Ambroise Pare from Science Photo Gallery 
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 Complex Regional Pain Syndrome

Complex regional pain syndrome (CRPS) is described as a medical condition char-
acterized by chronic pain (usually beginning in one limb and more often in the foot) 
after tissue injury (neural or nonneural) involving regional rather than nerve distri-
bution. For reasons that are only poorly understood, a traumatized limb affected by 
somatic pain gradually develops additional autonomic and trophic dysfunction. 
CRPS is usually diagnosed by the criteria set forth by the International Pain Study 
Society (IPSS) first published in 1994 and then (the revised edition) in 2003 
Budapest criteria (Table 4.3) [59].

Some historians traced the first description of a condition similar to CRPS to 
Ambroise Pare (Fig. 4.7), a sixteenth-century physician/surgeon, who described a 
condition akin to CRPS characterized by chronic pain and trophic changes after 
iatrogenic injury to the limb that had developed in Charles IX, his sovereign [60]. 
Weir Mitchell’s description of causalgia among soldiers who had nerve injury dur-
ing the American Civil War now fits the description of CRPS II, whereas in CRPS I 
(previously called sympathetic dystrophy), the preceding trauma does not cause 
nerve injury. Pain in both kinds of CRPS has a burning and jabbing quality, and the 
involved limb has areas of allodynia and hyperesthesia. Autonomic dysfunctions 
can be in the form of coldness or warmth of the limb with hyper- or hypohydrosis. 
Trophic changes include skin atrophy, hair loss, and nail changes [61]. Motor symp-
toms such as finger, hand, and arm dystonia and tremor may develop and cause 
further discomfort. Symptoms may progress proximally and result in pain and dys-
tonia of the arm and shoulder muscles. In severe cases, loss of vascular supply 
threatens development of gangrene and may necessitate even limb amputation.

Table 4.3 Budapest clinical diagnostic criteria for CRPS [59]

    1. Continuing pain, which is disproportionate to any inciting event.
    2. Must report at least one symptom in three of the four following categories:

• Sensory: Reports of hyperesthesia and/or allodynia.
• Vasomotor: Reports of temperature asymmetry and/or skin color changes and/or skin 

color asymmetry.
• Sudomotor/edema: Reports of edema and/or sweating changes and/or sweating 

asymmetry.
• Motor/trophic: Reports of decreased range of motion and/or motor dysfunction 

(weakness, tremor, and dystonia) and/or trophic changes (hair, nail, and skin).
    3.  Must display at least one sign at time of evaluation in two or more of the following 

categories:
• Sensory: Evidence of hyperalgesia (to pinprick) and/or allodynia (to light touch and/or 

deep somatic pressure and/or joint movement).
• Vasomotor: Evidence of temperature asymmetry and/or skin color changes and/or 

asymmetry.
• Sudomotor/edema: Evidence of edema and/or sweating changes and/or sweating 

asymmetry.
• Motor/trophic: Evidence of decreased range of motion and/or motor dysfunction 

(weakness, tremor, and dystonia) and/or trophic changes (hair, nail, and skin).
    4. There is no other diagnosis that better explains the signs and symptoms.

Complex Regional Pain Syndrome
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Between 2% and 5% of patients with peripheral injury develop CRPS with age 
of 42 years being the average age of onset [62]. In the Olmstead county (Minnesota) 
study, the prevalence of CRPS was cited as 8.57 and 2.16/100,000 for females and 
males, respectively [63], whereas in a more recent study from Denmark, higher 
figures of 40.4 and 11.9 were reported for females and males, respectively [64]. 
Schwartzman described the natural history and evolution of symptoms in CRPS in 
656 patients through a questionnaire [65]. All patients had CRPS for more than 
1 year and were followed for many years (38 patients for over 20 years). In his 
experience, CRPS was 4 times more common in women. The most common cause 
of injury was motor vehicle accident (23.26%) followed by falls (14.6%). In 10%, a 
surgical procedure preceded the symptoms. The severity of touch allodynia and 
mechano-allodynia in CRPS has increased significantly over the years (P < 0.05). 
Thirty-one percent of the patients reported pain spread to the areas contiguous with 
the site of initial injury, and 10% to 11% had spread either to the same contralateral 
limb (mirror pattern), ipsilateral other limb (hand–foot), or contralateral nonmir-
rored limb (right hand, left foot). Medications helped in 50% of cases, but only 5% 
responded to meditation, acupuncture, biofeedback, or dorsal column stimulation. 
In 15% of the patients, nothing helped. Close to 75% of the patients required narcot-
ics for pain relief. Cold weather and physical activity were the two main factors that 
aggravated the pain (48.2% and 37%, respectively). Skin color changes and tem-
perature changes increased significantly from the first 5 to 15 days of illness (from 
71% and 83% to 81% and 95%, respectively). Local swelling also increased from 
year 1 (75%) to year 15 (90%) (P = 0.024). At year 1, 93% and at year 15, 94% 
reported loss of strength in the involved limb. Abnormal limb posture was noted in 
57% of the patients at year 1 and in 80% of the patients at year 10 (P = 0.018). There 
was an increase in spontaneous falls from 27% at year 1 to 35% at year 10 of the 
illness. With advanced disease, 71.9% of the patients reported difficulty in sleeping 
and 68.5% reported tiredness. In 81% of the patients, pain was so severe that they 
had to stop working. Pain affected general activity, mood, and enjoyment of life in 
97% of the patients. None of the patients demonstrated spontaneous remission. The 
pain was refractory and only modestly responded to medications. More than half of 
the patients demonstrated cognitive difficulties which is consistent with what has 
been reported in chronic pain patients. Powerful analgesic medications used by 
many of these patients may account for some of the cognitive difficulties observed 
in patients with chronic CRPS.

 Pathophysiology

For years, primary dysfunction of the sympathetic nervous system was held respon-
sible for the development of CRPS. This view is now modified in favor of neuroin-
flammation and deranged autoimmunity with small C fiber damage playing a pivotal 
role. Damage to C-fibers could lead to neurogenic inflammation, ectopic firing, 
vasodilation (via axon reflex), and/or hypoxic/ischemic injury [66, 67]. There is 
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evidence that, in some patients, neural inflammation extends to the spinal cord. In 
one patient with longstanding CRPS, tissue examination of the dorsal horn demon-
strated significant activation of microglia and astrocytes with neuronal loss [68].

 Treatment of Complex Regional Pain Syndrome

Treatment of CRPS is difficult and geared to relief of pain and modification of the 
course of the disease. It would appear that suppression of pain early during the 
course of the disease is important since patients who have a lot of pain during the 
initial injury are destined to have a more severe form of CRPS I [69]. It is generally 
agreed that physical therapy offers some help and is recommended to be applied 
early during the course of disease [70]. Treatment of pain with tricyclic antidepres-
sants, calcium channel blockers including gabapentin and pregabalin, serotonin/
norepinephrine reuptake inhibitors, and locally delivered anesthetics is partially 
effective. Intranasal calcitonin (100–400 units) may relieve pain in some patients. 
The role of steroids in treatment of CRPS is controversial.

Sympathectomy has long been practiced for treatment of patients with severe 
CRPS [71]. Anhidrosis and Horner’s syndrome are common complications of sym-
pathectomy. Spinal cord stimulation is effective in a small number of patients. In a 
blinded study, intravenous infusion of ketamine (NMDA antagonist) effectively 
reduced pain in 16 of 20 patients with follow up of 6 months [72]. However, the 
recommended dose of 100 mg infused for 4 h/day for 10 days can be associated with 
significant hepatotoxicity requiring close liver function monitoring. Recently, a 
small double-blind, cross-over study of 12 patients has suggested the efficacy of 
intravenous immunoglobulin (IVIG) in CRPS [73]. In a retrospective study, 
Aradillas et al. [74] reported a mean 64% decrease in pain when 33 patients with 
severe CPRS were treated with plasma exchange (P < 0.01). A satisfactory level of 
pain control was maintained in 15 patients with weekly plasma exchange therapy.

 BoNT Treatment of CRPS

The role of BoNTs in treatment of CRPS has been investigated both as an analgesic 
agent via subcutaneous and intramuscular injection and as an agent to induce anal-
gesia via chemical sympathectomy. Argoff [75] reported alleviation of pain, 
improvement of skin color, and local edema in 11 patients with CRPS following 
intramuscular injection of onaA. Over the past 15 years, several case reports and 
retrospective observations have reported improvement of pain in CRPS following 
subcutaneous and intramuscular injections of BoNTs [76–79]. In contrast to these 
observations, a small double-blind study found no statistically significant difference 
between subcutaneous injections of onaA and placebo in 8 patients with severe 
CPRS allodynia [80]. Several studies have reported improvement of the symptoms 
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of CRPS after injection of BoNT-A or -B into the sympathetic ganglion [81–84]. In 
the largest study using this approach [84], investigators compared blindly the effect 
of 75 units of BoNT-A (onaA) with anesthetics in 48 patients (24 in each group). 
The authors found the group that was injected with BoNT-A demonstrated higher 
change in skin temperature compared with the control group which was maintained 
at 3 months (1.0 °C ± 1.3 vs. 0.1 °C ± 0.8, respectively; difference: 0.9 °C [95% CI, 
0.3 to 1.5]; P = 0.006). Furthermore, pain intensity was significantly reduced in the 
botulinum toxin group compared with the control group at 1 month (−2.2 ± 1.0 vs. 
-1.0 ± 1.6, respectively; P = 0.003) and 3 months (−2.0 ± 1.0 vs. -0.6 ± 1.6, respec-
tively; P = 0.003). BoNT injections into the lumbar sympathetic ganglion caused no 
significant side effect.

 Comment

The natural history of CPRS reflects a debilitating condition with poor prognosis. 
One long-term follow-up study found little improvement of symptoms with current 
methods of treatment [72]. Although data regarding BoNT therapy in CRPS from 
retrospective case series are encouraging, so far, blinded data in a sizeable number 
of patients are only available in studies that conducted lumbar chemical sympathec-
tomy with BoNTs. These studies, although positive, did not use placebo but com-
pared the effect of BoNT injection into sympathetic ganglia with anesthetic agents. 
Clarification of efficacy of BoNT by limb injections in CPRS requires blinded study 
of large cohorts; in case of sympathetic blocks, blinded studies are needed that com-
pare the effect of BoNT-induced chemical sympathectomy with placebo injections.

 Residual Limb Pain and Phantom Pain

With increasing frequency of military conflicts, pain associated with loss of limb 
has become a major medical management issue among soldiers. It is predicted that 
in the United States, the number of patients affected by this type of pain will exceed 
three million by the year 2050 [85]. Pain associated with loss of limb can be a pain 
in the stump (residual limb pain: RLP) or felt in the region of the lost limb (phantom 
limb pain: PLP). The reported incidence of RLP after amputation is 22% to 43% 
and for PLP is 66% [86, 87]. The possible mechanism and pathophysiology of 
phantom pain are discussed in detail several recent reviews [89, 90, 91].
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 Pharmacological Treatment

Avilar et al. in a recent Cochrane review of the literature [91] concluded that for 
treatment of phantom pain “the short- and long-term effectiveness of opioids, 
NMDA receptor antagonists, anticonvulsants, antidepressants, calcitonins, and 
local anesthetics for clinically relevant outcomes including pain, function, mood, 
sleep, quality of life, treatment satisfaction, and adverse events remain unclear.” The 
N-methyl D-aspartate (NMDA) receptor antagonists ketamine (versus placebo; ver-
sus calcitonin) and dextromethorphan (versus placebo), but not memantine, pro-
vided some analgesic effects. Memantine and amitriptyline failed to improve 
phantom pain. No data on long-term efficacy of the aforementioned agents in treat-
ment of phantom pain are available.

 BoNT Treatment of RLP and PLP

Two clinical observations, each performed on a small number of patients, have 
claimed that BoNT administration into stump muscles improves phantom pain. In 
one study [92], 4 patients were injected with 2500–5000 units of rimabotulinumtox-
inB into the arm and leg stumps (two patients each). Injections were performed at 
multiple trigger points. All patients reported improvement in stump pain, PLP 
attacks, and improvement of local allodynia. One patient noted significant improve-
ment of sleep. Improvements lasted for “many weeks.” In one patient, a 12-month 
follow-up showed almost total pain relief. In another study [93], authors described 
significant improvement of phantom pain in 3 patients (two with accident injury and 
one with landmine injury) after EMG-guided administration of aboA (up to 
500 units) into the stump muscles. All three patient reported level 3 (on a 0–3 scale) 
improvement on global clinical scale as well as substantial pain improvement on 
VAS. Pain improvement lasted 11 months. Patients were able to reduce their pain 
medications after BoNT treatment.

Unfortunately, these positive observations did not bear out in a recent prospec-
tive, parallel design, blinded study (Class III, no placebo) which compared the effect 
of onaA with that of combined lidocaine/methylprednisolone therapy [94]. In this 
study, investigators injected a total of 250–300 units of onaA or 10 mg depomedrol 
in 1% lidocaine in up to 6 tender points of 14 patients with RLP and PLP. There was 
no significant effect on phantom limb pain (PLP) from any of the two agents. Both 
agents, however, significantly improved RLP and pain tolerance. OnaA’s effect on 
RLP and pain tolerability was stronger than that of lidocaine/depomedrol injection 
(P = 0.002 versus P = 0.06 and P = 0.01 versus 0.07, respectively). The relief of 
RLP in both groups lasted for 6 months.

BoNT Treatment of RLP and PLP
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 Comment

Phantom pain is a fascinating area for BoNT research. Efficacy, if confirmed, would 
imply that peripheral administration of BoNT’s can influence allodynia caused by 
central pain. The class III study cited above and open observations suggest efficacy 
of onaA for RLP. At this time, the level of efficacy of BoNT is U (undetermined) for 
both RLP and PLP due to lack of class I or II studies (using AAN’s efficacy crite-
ria) [4, 5].

 Chapter Conclusion

Neuropathic pain is one of most common forms of human pain. Failure of response 
to current analgesic medications is not uncommon. The data on type A botulinum 
toxin (mostly onaA) is encouraging and indicate efficacy or probable efficacy in 
three major and common forms of neuropathic pain, namely, postherpetic neuralgia, 
posttraumatic neuralgia, and painful diabetic neuropathy. Controlled and placebo- 
controlled trials are necessary to assess the efficacy of BoNTs in other painful meta-
bolic and drug-induced neuropathies, complex regional pain syndrome, residual 
limb pain, and phantom pain. Much remains to be learned about the most effective 
technique of injection, most effective dose, optimum dilutions, and differences 
among BoNTs in treatment of neuropathic pain.
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Chapter 5
Botulinum Toxin Treatment in Migraine 
and Other Headaches

Headache is a common human ailment with an annual prevalence of 90% and life 
time prevalence of 99% [1]. The latest international classification of headaches 
(third edition, 2018), published by the International Headache Society (IHS), 
defines 10 primary and 14 categories of secondary headaches [2]. The focus of this 
chapter is on botulinum toxin treatment of primary headaches, especially migraine 
and tension headache, where extensive data regarding botulinum toxin therapy are 
available. A method of injection for chronic migraine designed by the author with 
fewer numbers of injections (compared to PREEMPT) and comparable efficacy is 
described. The limited literature on botulinum toxin treatment of cluster headaches 
and posttraumatic headaches is also discussed.

 Migraine

 Introduction

Migraine is a common primary headache disorder that affects 18% of women and 
6% of men [3]. It is the most complex form of human headache due to the great 
variability of its symptoms. Migraine has a global prevalence of 1 billion and is the 
major cause of medical disability during the reproductive years (ages 20–55) years 
[4]. It is a major financial burden to society with an estimated annual cost of $4.2 bil-
lion for direct cost of care in the United States [5].

Migraine headache is subclassified into migraine with aura (MWA) and migraine 
without aura (MWoA). The pain is characteristically pulsating, starts often unilater-
ally, and is frequently associated with photophobia, phonophobia, and gastrointesti-
nal distress. Migraine’s aura often involves the visual system with either enhancement 
of function (bright or zigzag lights) or loss of function (scotoma). Loss of function 
may also occur in the motor (hemiplegic migraine) or somatosensory domains. 
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Local scalp tenderness and allodynia (touch perceived as pain) are common in 
migraine and have been reported to affect 43% of 89 patients in one study [6]. In 
another study, the incidence of scalp tenderness increased with the number of 
migraine attacks: 33% associated with 1 to 4 attacks and 58% associated with more 
than 8 attacks/month [7]. Allodynia usually starts ipsilateral to the side of headache, 
denoting activation of peripheral nociceptive pathways. Contralateral spread of allo-
dynia indicates central sensitization to pain via third-order (thalamic) neurons [8].

In episodic migraine, migraine attacks occur less than 15  days per month. 
Chronic migraine (CM) is defined as a headache disorder with headaches occurring 
15 or more days per month for a minimum of 3 months with 8 or more headache 
days/month that meet the criteria of migraine [9]. Chronic migraine includes 
approximately half of all chronic daily headaches and has an estimated global prev-
alence of 2% [10]. It is the most costly form of migraine with nearly $200 per week 
more cost to the employers than episodic migraine [11].

Pathophysiology The aura phase of migraine corresponds to the electrical phe-
nomenon of cortical spreading depression (SD) that often involves the occipital 
cortex leading to visual symptoms [12]. Spreading depression marches through the 
cortex at the rate of 3 to 6 mm per minute and does not respect specific vascular ter-
ritories [13]. What triggers and initiates SD is still open to discussion and specula-
tion. It is believed that the extracellular release of potassium, nitric oxide, adenosine, 
and others agents during cortical depression causes inflammation and vasodilation 
in the cortex and meningeal vessels [14]. This results in a sensitized trigeminovas-
cular system which sends enhanced afferent impulses to the trigeminal ganglion, 
nucleus pontis caudalis, superior salivatory nucleus, and parasympathetic efferent 
fibers [15]. Excitation of the latter causes dural vasodilation. Emergence of nocicep-
tive stimuli at different levels of the nervous system and the trigeminal nucleus 
causes head and facial pain.

In a review of genetic migraine, Silberstein and Dodick [16] noted that first- 
degree relatives of patients with MWA and MWoA have 4 and 1.9 times the risk of 
developing the same type of migraine as their affected family members, respec-
tively. Approximately 52% of female twins raised together or apart demonstrate 
co-occurrence of similar headaches. Aside from familial hemiplegic migraine which 
is monogenic (with three identified genes), the genetics of other forms of migraine 
is complex and the information is still preliminary and evolving. A mutation of 
CNK18 gene with complete loss of function of related K channel has been detected 
in some patients with MWA [17].

Reliable biomarkers for diagnosis of migraine are often sought. In one study, 
serum level of calcitonin gene-related peptide (CGRP) was 2.5 times higher in CM 
patients compared to asymptomatic controls and about 1.8 times higher than patients 
with episodic migraine or cluster headaches (P < 0.05) [18]. CGRP level elevation 
during ictal and interictal periods, however, is debatable, and the published reports 
have described contradictory results. Recently, Latif et al. [19] reported an increase 
in serum level of ApoE in both ictal and interictal phase of migraine, but CGRP 
increase was noted only during the ictal phase.
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 Treatment

Treatment of migraine headaches includes strategies to abort acute attacks and, in 
case of frequent attacks, to reduce the frequency of attacks by daily medications 
[20, 21]. Treatment of mild migraine attacks includes use of acetaminophen, aspi-
rin, and nonsteroidal anti-inflammatory drugs (NSAIDs). For more severe attacks 
not responding to these measures, triptans are often recommended. Triptans act on 
5HT receptors in the trigeminal nucleus caudalis and in the dorsal horns of the 
upper cervical spine, hence interfering with the nociceptive cascade beginning to set 
in the trigeminovascular system [22]. Many patients with migraine, however, do not 
respond to triptans, and cardiovascular comorbidities often limit their use [23]. For 
attacks refractory to oral medications, liberal hydration (IV fluids) and intravenous 
administration of dopamine receptor agonists (prochlorperazine), dihydroergota-
mine (DHE), or IV nonsteroidal anti-inflammatory drugs (NSAIDs) such as diclof-
enac or ketorolac are recommended [24]. One small study has shown that high flow 
oxygen may alleviate acute attacks of migraine [25]. Opioids, barbiturates, and a 
short course of steroids are also used as abortive therapy by some clinicians, but 
supportive studies are lacking.

Preventive daily treatment of migraine is recommended when migraine episodes 
exceed six to eight headache days per month or if the patient has to use abortive 
medications more than eight to nine times per month [26]. Beta blockers such as 
propranolol or metoprolol, topiramate, gabapentin, amitriptyline, and sodium val-
proate are commonly used for migraine prevention [27]. Venlafaxine and histamine 
are considered second-line preventive medicine.

For chronic migraine, two multicenter, double-blind studies in large cohorts have 
shown the efficacy of topiramate in reducing the number of pain days per month 
(3 days per month versus 0.7 days per month for placebo in the US study) [21, 28]. 
The effective dose was 100 mg/day.

Two other blinded studies performed in small cohorts of 41 and 71 patients 
strongly suggested efficacy of valproate and levetiracetam in chronic migraine, 
respectively [29, 30]. The study using valproate [29] had a parallel design, while the 
study of levetiracetam [30] had a cross-over design. In the valproate study, treat-
ment significantly reduced both headache days per month and the headache inten-
sity. In the case of levetiracetam, the primary endpoint—absence of any 
headaches—was not met, however, perhaps due to the rigidity of criteria.

 Therapeutic Use of Calcitonin Gene-Related Peptide 
(CGRP) Inhibitors

CGRP is a pain neurotransmitter found in abundance in the peripheral and central 
nervous systems as well as sensory nerves that supply the meninges. It is believed 
that CGRP plays an important role in the pathophysiology of migraine. As 
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mentioned before, high CGRP levels are found in patients with chronic migraine 
and during acute migraine attack (ictal period). Since approval of CGRP inhibitor 
erenumab by the FDA in 2018, several other CGRP-blocking drugs have received 
subsequent approval (Table 5.1) making CGRP inhibitors major therapeutic agents 
for preventive and abortive treatment of migraine. CGRP inhibitors have large or 
small molecules. The ones with large molecules are monoclonal antibodies and 
those with small molecules are called gepants. The large monoclonal antibodies 
target either CGRP or CGRP receptor and are used mainly as a preventive drug for 
migraine treatment. They work on the sensory nerve supply of the meninges and, in 
order to avoid degradation in the stomach, are injected subcutaneously. These 
CGRP-blocking agents take longer to work because of their large molecule but 
cause less liver and kidney damage.

Gepants are CGRP inhibitors with small molecules. After blocking CGRP recep-
tor, they are able to relieve acute migraine attacks as well as preventing recurrence 
of migraine. Gepants quickly enter the brain and thus work fast after administration. 
Gepants are metabolized in the liver, and, therefore, have a potential for damaging 
the liver, although with newer gepants, this risk has been substantially reduced. For 
this reason, new gepants are becoming major drugs for treatment of acute migraine 
attacks. Recently, Zizhen et al. [31], in a meta-analysis paper, reviewed the efficacy 
and side effects of Ubrogepant in treatment of migraine. The data were analyzed 
from five randomized clinical trials including 4903 patients. At 2 h post dose, the 
percentage of patients having pain relief, absent photophobia, nausea, and phono-
phobia was significantly higher in patients receiving Ubrogepant compared to pla-
cebo (P < 0.0001); the incidence of common side effects was similar between the 
two groups (P > 0.5).

Erenumab, the first FDA-approved CGRP inhibitor, unlike the other three CGRP 
inhibitors, blocks CGRP receptor rather deactivating the ligand itself. The drug is 
provided in 70 and 140 mg doses prescribed as monthly injections. The starting 
dose is 70 mg. In a large phase III study that led to its FDA approval, erenumab 
decreased the number of pain days significantly in episodic migraine by 3.2 vs. 1.8 
and 3.7 vs. 1.8 compared to placebo for 70 and 140 mg doses, respectively. Among 
patients in 70 mg group, 43.3% had 50% or greater reduction of mean number of 
migraine days, while 50% of the 140 mg group experienced the same reduction 
(P < 0.0001) [32]. In a large real-life experience study including a cohort of 29,451, 
those patients who took erenumab for migraine treatment demonstrated better 

Table 5.1 CGRP-blocking agents and their date of FDA approval for treatment of migraine

Generic name Trade name Date of approval by FDA

Erenumab-aooe Aimovig 4-17-2018
Fremanezumab Ajovy 9-14-2018
Galcanezumab-glnm Emgality 9-17-2018
Ubrogepant Ubrely 12-23-2019
Epitinezumab-jjmr Vyepti 2-21-2020
Rimegepant sulfate NurtecODT 2-27-2020
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adherence to erenumab compared to all other drugs previously used for treatment of 
migraine, though the adherence was still considered low [33]. Among patients 
treated with erenumab, 48.7% were able to withdraw from medications used for 
acute migraine attacks; approximately one-third of the patients were able to come 
off triptans or opioids. Side effects of erenumab noted in 1% or more of treated 
patients include injection site reaction (5–6%), constipation, nausea, and dizziness. 
Long-term follow-ups of 5 years and more are not yet available for treatment with 
erenumab.

 Botulinum Neurotoxin for Preventive Treatment of Migraine

 Episodic Migraine (EM)

The first double-blind, placebo-controlled, prospective study investigating the effi-
cacy of onabotulinumtoxinA (onaA) in episodic migraine was published in 2000 
[34]. The authors investigated the effect of 25 and 75 units of onaA in 123 patients 
with 2 to 8 migraine attacks per month. Patients with headache days exceeding 15/
month (chronic migraine) were excluded. OnaA was injected into the procerus mus-
cle (3–9 units total) and bilaterally into corrugators (two on each side—6 or 18 units 
total), frontalis (two on each side, 6 unit or 18 units total), and temporalis (one on 
each side, 6 or 18 units total) muscles.

Primary efficacy was defined as a significant change from the baseline of 
migraine attacks. At 3 months, patients in the 25-unit group had significant reduc-
tion in headache frequency and headache intensity, and 50% reduction of headache 
frequency compared to baseline. No statistically significant change was noted in the 
75-unit group, a finding attributed to their milder headaches at baseline. Subsequently, 
two large class I studies were conducted with onaA in EM investigating 238 and 418 
patients, respectively [35, 36]. Both studies failed to meet their primary outcome 
measure, which was reduction of migraine frequency/month. Another small (60 
patients) class II study of EM that considered 50% or more reduction of migraine 
frequency as the primary outcome also failed to meet its primary endpoint [37]. The 
total dose applied in the aforementioned studies varied from 25 to 100 units. The 
American Academy of Neurology’s subcommittee on guidelines, based on the 
above four studies (two class I and two class II), assigned Level B evidence (prob-
ably ineffective) to onaA for treatment of episodic migraine [38].

Two other class I studies which were published later and used larger doses of 
onaA confirmed the stance of AAN’s subcommittee on episodic migraine [39, 40]. 
The first study compared the effect of different doses of onaA (75, 150, and 
225 units) with placebo using the mean number of migraine days at day 180 as the 
primary outcome measure. All four groups (including three toxin and one placebo) 
improved with either onaA or saline (the placebo), and there was no significant dif-
ference between onaA subgroups and the placebo group [39]. In the second study of 
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369 patients [40], the authors compared the effect of onaA (mean 190.5 units) with 
placebo. The primary endpoint, defined as the mean change in migraine episodes 
over 30 days, was not met. Although the study failed to meet the primary endpoint, 
a subgroup analysis of patients with 12 to 14 headache days per month showed 
significant improvement in onaA group versus the placebo (P = 0.04).

Blumenfeld et al. [41] studied 59 patients with episodic migraine under a double- 
blind, parallel design protocol. The effect of onabotulinumtoxinA (onaA) was com-
pared with that of divalproex sodium; 30 patients received onaA, and 29 patients 
received divalproex sodium. The study group consisted of 84.7% females. OnaA 
was injected into procerus, corrugators, frontalis, temporalis, splenius capitis, ster-
nocleidomastoid, trapezius, occipitalis, cervical paraspinals, semispinalis capitis, 
and masseter muscles. The dose of divalproex was 250 mg was twice daily, and the 
dose of onaA was variable depending on the size of the muscle; for instance, it was 
25 units for frontalis (both sides) and 7.5 to 20 units for temporalis muscles. The 
total dose of onaA was 100  units. Outcome measures consisted of reduction of 
headache days per month, maximum headache severity, and overall headache index. 
A number of other outcome measures including quality of life were also assessed as 
secondary outcomes. The patients’ response rate to both treatments was compara-
ble; it was 18.2% for onaA and 23.8% for divalproex. A significantly larger number 
of patients who were injected with divalproex discontinued the treatment compared 
to those who were treated with onaA (27.6% vs. 3.3%, respectively).

 Comment

Placebo-controlled studies of botulinum toxin-A in episodic migraine disclosed dis-
appointing results. However, a controlled study with design of PREEMPT studies 
that had shown efficacy in chronic migraine has not been performed in episodic 
migraine. Nevertheless, in one study [41], patients with episodic migraine experi-
encing 12 to 14 pain days per month responded significantly to onaA treatment.

 Chronic Migraine

In 2004, we had shown that pericranial injection of onabotulinumtoxinA can 
improve migraine index (a measure of both migraine intensity and frequency) in a 
small blinded study [42]. The study group consisted of 32 patients with migraine 
attacks of >5/month; some of them had chronic migraine. No significant change on 
the number of headache days or migraine days per se was noted. In 2008, Freitag 
et  al. [43] compared the effect of fixed dose (100 units) and fixed site (glabella, 
frontalis, temporalis, trapezius, and suboccipital) injections between onaA (20 
patients) and placebo (21 patients) with chronic migraine. Patients with medication 
overuse were excluded. The primary outcome was the number of migraine episodes 
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within each 4 weeks of the study. The secondary outcomes included the number of 
headache days and the headache index (a measure of both intensity and frequency). 
OnaA was statistically superior to placebo on both primary outcome (P < 0.01) and 
secondary outcomes (P = 0.041 and P = 0.046). Nevertheless, between 2002 and 
2009, a number of large multicenter studies assessing efficacy of BoNTs in chronic 
migraine failed to meet their primary outcome.

The major breakthrough in this area came with the publication of PREEMPT 
studies (I and II) in summer of 2010 [44, 45]. Each of these two multicenter studies 
evaluated over 600 patients (total 1384 patients) who met the criteria for chronic 
migraine. Patients with medication overuse were included in both studies. The stud-
ies had a 24-week blinded arm followed by 32 weeks of open arm. The primary 
outcome for PREEMPT I was the number of migraine episodes and for PREEMPT 
II, the number of headache days, both evaluated at 24 weeks. A number of second-
ary outcomes were also evaluated at 24-week postinjection. PREEMPT II met both 
its primary and secondary outcomes at all time points. For the primary outcome, the 
reduction in headache days was 9 for onabotulinumtoxinA versus 6.7 for the pla-
cebo (P < 0.001). Although PREEMPT I did not meet its primary outcome, it met 
all its secondary outcomes. The pooled data [46] from the two studies showed sig-
nificant change from the baseline in favor of onabotulinumtoxinA in respect to the 
primary and all secondary parameters (Fig. 5.1). Based on these studies, onabotu-
linumtoxinA was approved for treatment of chronic migraine in the UK, Canada 
(summer of 2010), and in the United States (October 2010).

Over the next 10 years, through tireless efforts of PREEMPT investigators, the 
effects of onabotulinumtoxin injections on many aspects of migraine were investi-
gated and published using the PREEMPT cohort or its subgroups. Lipton et al. [47] 
studied the PREEMPT pooled data (1384 patients) specifically in regard to the qual-
ity of life which was measured by both the Migraine Specific Quality of Life 
Questionnaire (MSQ) and the Headache Impact Test (HIT). Both measures were 
significantly improved from the baseline in the onaA-treated group at 24  weeks 
providing strong evidence for quality of life improvement with onaA injections in 
chronic migraine. In a recent assessment of the 1384 patients who had participated 

Fig. 5.1 Pooled data from two PREEMPT studies show statistically significant reduction of head-
ache days in onabotulinumtoxinA (Botox) group at all time points from week 4 to week 24 post 
injection [46]. (Reprinted with permission from publisher (Wiley-Blackwell))
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in the PREEMPT trial, the authors found that nonresponders—defined as failing to 
have reduction in headaches days/month compared to placebo—were found to show 
significant improvement in other aspects of migraine such as improvement of quality 
of life, patient’s emotional state, and headache impact scores [48]. The authors con-
cluded that their findings implied that the full benefits of onabotulinumtoxinA are not 
captured by headache day reduction (which was the primary outcome measure of 
PREEMPT study) because many nonresponders demonstrated improvement in other 
important issues associated with migraine. In another study from the same group [49], 
reassessment of PREEMPT cohort showed that significant reduction of pain days and 
migraine days started as early as 7 days after injection of onabotulinumtoxinA with 
progressive improvements over subsequent injections. The findings emphasized early 
onset of onaA effect and more reduction in headache days with subsequent injections.

 BoNT Injection Technique in Chronic Migraine

A variety of injection techniques have been proposed for treatment of chronic 
migraine based on established studies and the practice of experienced toxin injec-
tors. The technique used in PREEMPT studies [50] recommends 31 injection sites, 
and injection of five units per site for a total dose of 155 units (Table 5.2). In some 
patients (depending on weight and other factors), an additional 40 units are allowed 
for a total of 195 units. A dilution of 100 units/2 cc was recommended. Shortly after 
publication of PREEMPT results, PREEMPT technique was adopted and endorsed 
by migraine specialists [51].

Table 5.2 Injection paradigm recommended by the PREEMPT study: injected muscles, muscle 
location, muscle function, and the dose of onabotulinumtoxinA (Botox) administered per site(s)

Muscle Location Function of muscle

Number of 
injection sites 
per muscle

Dose and 
number of 
injections

Corrugator Above the medial 
edge of eyebrow

Draws the eyebrows 
together and downward

One on each 
side

5 units × 2

Procerus Helps to pull the skin 
between eyebrows 
downward

Pulling eyebrows 
together

Single muscle 5 units × 1
One injection at 
midline

Frontalis Whole forehead Pulling eyebrows up Two on each 
side, total 4

5 units × 4

Temporal Temple Closes the mouth Four on each 
side, total 8

5 units × 8

Occipitalis Back of the head Moves the scalp back Three on each 
side, total 6

5 units × 6

Splenius Upper neck Turns and tilts the head 
to the same side

Two on each 
side, total 4

5 units × 4

Trapezius Shoulder Shoulder elevation, 
neck retraction, 
ipsilateral neck flexion

Three on each 
side

5 units × 6
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The large number of injections in PREEMPT protocol (31 sites) is often an issue 
with migraine sufferers; therefore, in current practice, some clinicians prefer to use 
fewer number of injections. I have introduced a technique that provides similar 
results to PREEMPT studies with fewer numbers of injections. This technique was 
initiated by us at Walter Reed Army Medical Center, Washington, D.C. (2000–2004), 
and then practiced at Yale University during my tenure as director of botulinum 
toxin treatment program (2004–2015). Modified slightly over years, the last version 
of this technique endorses 19 injection sites (Fig. 5.2). The total dose is 175 units. 
In this injection paradigm, 5 units are injected into each corrugator muscle, 5 units 

Fig. 5.2 Injection sites recommended by Walter Reed-Yale technique. (a) Frontal injection sites. 
(b) Temporal injection sites. (c) Occipital and cervical sites
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into the procerus muscle at midline, 20 units into the frontalis muscle (5 units/site, 
4 sites similar to PREEMPT), 30 units into temporalis muscles (15 units anterior 
and 15 units midtemporal (two injections/side), 10 units into each occipitalis (one 
injection/site), and 30 units/side into the splenius muscles of the neck (10 units per 
each of three sites) (Fig. 5.2). Trapezius muscle injections are excluded. The logic 
of this injection paradigm is as follows:

 1. Occipitalis muscle is a small muscle and, in my opinion, one injection with a 
larger dose provides sufficient diffusion into the muscle and overlaying skin.

 2. In the temporal area, the low midtemporal site (one of four injections sites in 
PREEMPT), probably does not contribute much to pain relief as it may very well 
be the area of temporalis tendon rather than the temporalis muscle. It has been 
shown in cadaver studies that in many individuals, the temporalis tendon is large 
and occupies this area (Fig. 5.3) [52].

 3. Trapezius muscles (areas) are omitted from this injection paradigm since their 
contribution to chronic migraine is debatable. Instead, cervical injection sites are 
increased from two to three and include mid- and lower cervical regions (Fig. 5.2) 
with an increase in cervical site doses from 5  units/site (PREEMPT) to 
10 units/site.

In an open-label study of 50 patients with chronic migraine when using this 
Walter Reed-Yale technique, 72% of the patients after the first injection and 85% 
after the third injection reported their experience after onaA treatment as “ very 
satisfactory” using Patient Global Impression of Change (PGIC) [53]. No serious 
side effects were reported over 2 to 8 years of follow-up observation. After the first 
year of treatment, 73% of the patients reported no more emergency department 
visits for additional therapy. By 12 months of treatment, 50% of the patients discon-
tinued their daily preventive medications and 61% no longer had any need for 

Fig. 5.3 From Choi et al. 2016 [52]. Reproduced under creative commons attribution. Courtesy of 
“Toxins” and publisher. (a) Temporalis muscle and tendon (cadaver). (b) Drawing
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abortive medicine. In a subsequent double-blind, placebo-controlled study of 25 
patients [54], injections of onaA, using the Walter Reed-Yale technique, reduced the 
headache days significantly compared to the placebo at 4 and 8 weeks post injection 
(P = 0.0031). Using PGIC, 9 of 11 patients in the onaA group and 3 of 10 patients 
in the placebo group described their experience as very satisfactory (P = 0.030). In 
the open arm of the study, 58.8% of the patients reported 50% or more reduction of 
pain days at 4 weeks post injection and 88.2% demonstrated reduction of HIT scores 
compared to baseline.

I have used the above-mentioned Walter Reed-Yale technique in hundreds of 
patients including thousands of injections sessions over a period of nearly 20 years. 
The results have been similar to PREEMPT technique (see above). I have not seen 
any serious side effects.

Some authors [55] have warned against development of weakness in cervical and 
trapezius muscles if the dose per injection site exceeds 5 units. I have never observed 
weakness of these muscles following injection of 10 units/site, either in migraine 
and or in any other disease conditions (i.e., dystonias). This is probably because 
cervical paraspinal muscles are very strong, multilayered, closely attached and sup-
ported by deeper paraspinal muscles. Nevertheless, in rare instances among patients 
with exceptionally thin necks, it may be prudent to reduce the neck injection dose/
site to 5 units. In such cases, the total dose per session would be 1450 units (for 
onabotulinumtoxinA) rather than 175 units.

 Patient Report

A 32-year-old female complained of frequent migraine attacks over the past 7 years. 
The attacks gradually increased in frequency despite taking triptans for acute attacks 
as well as a number of preventive medications. The last preventive drug she had 
used prior to initiation of BoNT treatment was topiramate, 100 mg daily. The patient 
experienced daily headaches with three to four severe migraine episodes per week. 
During the episodes, she had pounding/pulsating headaches with nausea and photo-
phobia. She had to stop working 2 years ago due to disabling headaches. After the 
second session of botulinum toxin treatment with onaA (a total dose of 180 units) 
using the Walter-Reed/Yale technique, she reported significant reduction in fre-
quency and intensity of the headaches that improved even further with subsequent 
treatments. A year after initiation of treatment with onaA, she was able to stop all 
preventive medications. Six months later, she resumed her work and became gain-
fully employed. She continued to have onaA injections for migraine every 
3–4 months. When last seen, 4 years after initiation of BoNT therapy, she reported 
two to three minor headaches per month. She was fully functional and employed 
and expressed relief and gratitude.

In recent years, other techniques have been suggested as an alternative to the 
PREEMPT technique. Zhang et al. [56] have shown that most pericranial pain fibers 
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are located along the skull’s suture lines and injecting along the suture lines is more 
effective in reducing the sensitivity of meningeal chemical nociceptives in rats. 
Kara et al. [57] suggested injecting six sites along the suture lines under ultrasound 
guidance for treatment of chronic migraine. Kim et al. [58], based on the study of 
25 human cadavers, suggested four temporal sites of injection for BoNT-A in 
chronic migraine slightly different from the temporal sites endorsed by the 
PREEMPT study.

 The Issue of Medication Overuse in Chronic Migraine

Medication overuse is a common problem among many patients with chronic 
migraine. Some investigators questioned the inclusion of the patients with medica-
tion overuse headaches in PREEMPT studies. Silberstein et  al. [59] studied the 
efficacy of onaA in a subgroup of PREEMPT study patients who had medication 
overuse in addition to chronic migraine (MO  +  CM). Of 1384 patients in the 
PREEMPT study, 65.3% met the criteria for medication overuse. At 24 weeks, simi-
lar to the patients in the main PREEMPT study, MO + CM patients demonstrated 
significant reduction of headache days (primary end point) (8.2 vs. 6.2 with 
P < 0.001) and also met many secondary endpoints (frequency of migraine days, 
frequency of moderate to severe headache days, cumulative headache hours on 
headache days, headache episodes, migraine episodes, and percentage of patients 
with severe headache impact test-6 (all Ps < 0.05). Triptan intake was also signifi-
cantly reduced in the onaA-treated group (P < 0.001). The authors concluded that 
onaA treatment is effective in patients with chronic migraine and MO.

Sardini et al. [60] studied the effect of onaA injections in 68 patients with chronic 
migraine without aura and MO (35 placebo, 33 toxin). The study was double-blind 
and placebo-controlled with primary and secondary outcomes measured at 12 weeks 
post injection. Patients received a total of 16 injections (100 units), 8 on each side 
(2 frontal, 2 cervical, 1 corrugator, 1 temporal, 2 trapezius). No significant differ-
ence was noted between the placebo and toxin groups regarding reduction of pain 
days (primary outcome). A subgroup analysis of the data, however, demonstrated 
that MO patients with pericranial tenderness had significantly lower number of pain 
days (primary outcome) after onaA injections. The total dose of 100 units used in 
this study was probably too small; also, some important head regions (i.e. occipital) 
were not injected. In contrast to Silberstien et al. [59], in a recent double-blind study 
of 179 patients with chronic migraine and medication overuse, Pijpers et al. [61] 
have not found botulinum toxin-A in a dose of 155 units superior to placebo in 
reducing pain days per month (7 days vs. 6 days, P > 0.5). They suggested acute 
drug withdrawal first before subjecting the patients to expensive BoNT therapy. It 
should be noted, however, that in this study, a small dose of onaA (17.5) units was 
used as placebo.
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 Long-Term Response to BoNTs in Chronic Migraine 
and Safety Issues

Although many experienced practitioners using BoNTs in the treatment of migraine 
have long believed in the long-term efficacy and safety of onaA, until recently, no 
systematic data was available. In 2014, Aurora et al. [62] published data on safety, 
tolerability and efficacy of onaA (PREEMPT study) after 5 cycles of treatment (at 
56 weeks). The mean change in frequency from baseline of headache days, migraine 
days, moderate to severe headache days and 50% or more change in headache days 
from baseline were all significantly lower (P < 0.05) in the onaA treatment group. The 
quality of life was further improved at 56 weeks (59%) compared to 25 weeks (44%), 
measured by 5 or more points increase in the HIT-6. No cumulative undesirable side 
effects were noted. Tolerability was excellent and there were no serious safety issues.

In my experience, minor side effects with botulinum injections for migraine are seen 
in approximately 10% of the patients; these include pain at the site of injection, minor 
bleeding, transient ptosis and transient elevation of the lateral part of the eyebrows. 
Ptosis can be avoided by avoiding low injections of corrugator muscles. Elevation of 
lateral part of both eyebrows (Mephisto sign- Fig. 5.4) can be corrected by injection of 
a small additional dose of the toxin into the lateral regions of the eyebrows [63].

 Imploding Versus Exploding Migraine

In a study of 63 patients with migraine, Jakubowski et al. [64] found patients with 
imploding headaches to be better responders to onaA than those with exploding 
headaches. Among responders to onaA, 74% had imploding headaches, while 

Fig. 5.4 Elevation of lateral part of the eyebrow after BoNT-A injection of frontalis muscle for 
treatment of chronic migraine. (a) Before BoNT injection. (b) After BoNT injection
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among nonresponders, 92% had exploding headaches. Imploding headaches were 
described as those with pressure from outside the head (crushed, clamped or 
stabbed by an external force). Exploding headaches were headaches felt as pres-
sure built inside of the head. This is an interesting and perhaps important concept. 
Distinction between exploding and imploding headaches is not always easy in 
patients with chronic migraine and requires focused questioning by the examining 
physicians.

 BoNT Treatment in Pediatric Chronic Migraine

Emerging data suggest efficacy of BoNT therapy in pediatric migraine. The pub-
lished data are, however, small and consist only of retrospective studies. The larg-
est cohort has been reported recently in 2021 [65]. In this study, authors analyzed 
the effect of botulinum toxin-A (Botox) treatment in 65 children and adolescents, 
ages 11 to 18, who had been treated and observed between 2013 and 2018. The 
dose per kilogram was 2.8  units/kg mounting to an average total dose of 
172  ±  35  units. Children’s baseline average score in the visual analogue scale 
(VAS) representing pain severity was 7.7 ± 1.2. At 6 weeks after onaA injection, 
investigators noted an average decrease of 5.2 ± 2.2  in VAS. There was also a 
reduction in the number of pain days/month from 16 to 4. Two children demon-
strated side effects. One complained of dizziness that cleared in 15 min; the other 
developed a low-grade fever associated with enlarged lymph nodes that resolved 
in 1 week. Two other smaller retrospective studies and two case reports also sup-
port the notion that treatment with onabotulinumtoxinA provides pain relief in 
children with chronic migraine [66].

 Treatment of Chronic Migraine with Other Botulinum Toxins

 IncobotulinumtoxinA (Xeomin)

In an open-label, prospective study, 50 patients with chronic headaches received 
incobotulinumtoxinA (Xeomin) injections into pericranial and cervical muscles 
using the technique of PREEMPT studies-31 injection sites [67]. The mean number 
of injections and duration of treatment per patient was 3.5 (range 2–13) and 21 
(6–68) months, respectively. The total dose of incobotulinumtoxinA per session was 
145 units. From baseline to first evaluation, 44 patients (73%) demonstrated >50% 
reduction in the frequency of migraine episodes, 29 patients (48%) showed >50% 
reduction in the number of headache days, and 28 patients (46%) experienced 
a > 50% reduction in drug intake for migraine. The authors concluded that due to 
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continued response over time “incobotulinumtoxinA seems to represent an effective 
and sustained prophylactic treatment for chronic migraine.”

 The Mechanism of Action of OnabotulinumtoxinA (onaA) 
in Chronic Migraine

In any chronic pain condition, both pain and pain maintenance result from the caus-
ative factors and mechanisms that induce that type of pain and to the degree of 
sensitization of the sensory and nociceptive system that develops over time. 
Peripheral and central sensitization play a major role in pain sustenance [68] (see 
Chap. 3). Animal investigations have demonstrated that peripheral injection of botu-
linum toxin-A interrupts the initial pathological event that leads to the development 
of migraine- that is meningioma-trigeminal inflammation [69]. Emerging data also 
indicate that peripheral injection of botulinum toxin-A can reduce both peripheral 
and central sensitization.

In animals, experimentally induced cortical spreading depression, an electro-
physiological phenomenon observed at the onset of migraine headaches, releases 
pain transmitters (particularly CGRP) and proinflammatory agents in meningeal 
and dural nerve endings [70]. Blood CGRP levels are elevated in patients with 
chronic migraine, but not in episodic migraine [71]. Patients with higher CGRP 
levels respond better to botulinum toxin-A treatment [72].

The “inflammatory soup” that develops in the dura at the beginning of the 
migraine process irritates C- and A-delta nerve fibers that project to brainstem tri-
geminal nucleus resulting in headaches. In rats, it has been shown that after pericra-
nial injection of botulinum toxins, cleaved SNAP25 colocalizes with CGRP in dural 
nerve endings and inhibits development of both dural inflammation and local 
increase of CGRP [73]. Matak et al. [74, 75], in a series of animal studies, have 
shown that after peripheral injection of botulinum toxin (rat’s whisker and other 
models), cleaved SNAP25 can be found in trigeminal nucleus and such injections 
also change the neuronal activity of periaqueductal gray matter in the midbrain, 
another potential site for its analgesic effects. Trigeminal afferent fibers consist of 
small C and A-delta fibers and use a variety of neurotransmitters (among them are 
CGRP, glutamate and substance P) as their signaling messengers [76]. Several ani-
mal experiments have shown that peripheral injection of botulinum toxins (both A 
and B) can suppress the release of glutamate and substance P from peripheral nerve 
endings, dorsal sensory ganglia and at the spinal cord level [77–79].

Another mechanism through which botulinum neurotoxin injection can alleviate 
migraine is via action of the toxin upon specific pain receptors that are present on 
dural C fibers-these include two groups of pain receptors namely TRPA1 from cat-
ion channel vanilloid family and P2X3 from ATP-gated PTX receptor cation family 
(purinergic). It has been shown that peripheral injection of botulinum toxin-A can 
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block the insertion of these receptors to the cell membrane by vesicles [80]. 
Extracranial injection of botulinum toxin-A inhibits intracranial meningeal 
responses to TRPV1 and TRPA1 channels [56]. In a study of 63 patients with 
chronic migraine treated with botulinum toxin-A, Dominguez et al. [81] found that 
those patients who responded to treatment (78.3%) had a higher baseline serum 
level of P2X3 (>1000 picogram/ml, P < 0.001).

Drinovac et al. [82] investigated the effects of opioid system on the analgesic 
effect of botulinum toxin-A by recording c-Fos expression in the spinal cord- a 
measure that represents neuronal activation. Administration of nonselective opioid 
antagonist naltrexone prevented the antinociceptive effects of BoNT-A in formalin 
and sciatic nerve transection-induced pain. Also, this pain reduction, after BoNT-A 
injection, did not occur when either naltrexone or selective μ-antagonist naloxon-
azine was injected intrathecally. The authors concluded that the central antinocicep-
tive action of botulinum toxin A might be associated with the activity of the 
endogenous opioid system.

Factors that reduce central sensitization also potentially contribute to pain relief 
in chronic migraine. Intramuscular injection of botulinum toxins has been shown to 
significantly reduce the activity of intrafusal muscle fibers [83] that constantly 
report the length of the muscle to the spinal neurons. Reduction of this powerful 
input to already sensitized spinal sensory neurons can substantially reduce central 
sensitization [84]. It has been suggested that relief of chronic migraine results from 
blocking the release of pain transmitters at different levels as well as reduction of 
peripheral and central sensitization [55].

 Comparison of Botulinum Toxin Treatment 
and CGRP Treatment

With the introduction of CGRP receptor blockers in 2018 (year of FDA approval), 
a new chapter has opened in preventive treatment of chronic migraine. Although 
data from head to head comparative studies between BoNT and CGRP treatment are 
not available, some known differences are worth mentioning. Most of these differ-
ences seem to be in favor of BoNT therapy compared to erenumab, the most com-
monly used CGRP blocker. Amid good safety profiles for both modes of therapy 
with only rare serious side effects, the side effect of mild to moderate severity is 
more common with erenumab. Such side effects as dizziness, nausea, constipation, 
and reaction at the site of injection are extremely rare with BoNT treatment. 
Erenumab injections are monthly, whereas BoNT injections are administered every 
3–4  months. Medication adherence is relatively low with erenumab (although 
higher than other antimigraine drugs) [33], but overall adherence is good for BoNT 
therapy in chronic migraine [47]. Depression associated with chronic migraine, 
often improves significantly with sustained BoNT therapy [85].
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BoNT and CGRP treatment may complement each other as BoNT-A blocks the 
activity of dural sensory C fibers, whereas CGRP’s blocking action is exerted upon 
A- delta fibers, both contributing to reduction of central sensitivity and pain in 
migraine. It has been suggested that some patients with severe migraine may benefit 
from a combination therapy [86]. A recent retrospective chart review study of 257 
patients who had been on combination therapy with both BoNTs and erenumab sup-
ports this view. In this study, patients experienced a reduction in average headache 
frequency from 21.5/month to 12.1/month [86]. Furthermore, 5.1% of the patients 
demonstrated a clinically meaningful improvement in migraine-related disabilities 
at 6 months, measured by a reduction of 5 points or more in the MIDAS score. 
Notably, the dropout rate over the 12-month period of treatment was 28% and 3% 
for CGRP antibody and BoNT therapy, respectively. Botulinum toxin treatment 
with PREEMPT method, however, has the disadvantage of employing 31 pericra-
nial injection sites that is often uncomfortable for the patients.

 Comment

The data from PREEMPT studies and experience of physicians who have treated 
large numbers of chronic migraine patients with BoNT have established onaA as a 
very effective agent for treatment of this form of migraine. OnaA treatment improves 
not only migraine headaches but also its disabling associated mishaps such as poor 
quality of life and severe depression [85]. The treatment is most effective after 
administration of repeated doses and maintains its effectiveness and safety over 
time [62].

The large number of injections (31 sites) endorsed by PREEMPT study is a con-
cern to patients and physicians. It deters some patients with chronic migraine from 
choosing this effective treatment and also dissuades some patients from continuing 
treatment. This issue is even more relevant to migraine treatment in pediatric popu-
lation since children and teenagers are particularly sensitive and reluctant to accept 
this many pericranial injections. The Walter Reed-Yale technique that employs far 
fewer injections sites (19 sites) is a good alternative to PREEMPT; in the experience 
of this author, it results in better participation, comparable results to PREEMPT 
technique and less dropouts over 5 years of follow up.

 Tension-Type Headache (TTH)

Tension-type headache is the most common form of primary headache. Like 
migraine, it is more common among women. One epidemiological study has found 
an overall prevalence of 38% (47% among women) [87]. The pain of TTH typically 
affects the scalp and pericranial muscles, but contraction of neck and jaw muscles is 
not uncommon. Although the pain is usually not as severe as the pain of migraine, 
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severe tension headaches do occur and can be quite disabling accounting for loss of 
work days in 8% to 10% of the affected patients [88]. The most important differen-
tial diagnosis is episodic migraine without aura, especially if the associated signs 
(nausea, photophobia) are subtle. Sinus problems, temporomandibular joint disease, 
and pain arising from neck pathology (disk degeneration) can also be confused with 
tension headaches. Harsh family and work environments promote manifestation of 
TTHs. TTH is more common among individuals with higher levels of education. 
TTH, like migraine, can be episodic or chronic (headache days 15 or more per 
month). Chronic TTH is the second most common (after migraine) type of chronic 
daily headaches and occurs with the same prevalence of 2% (as chronic migraine) 
in the general population [88].

 Pathophysiology

Although stress and psychological factors play a major role in the development of 
TTH, headache specialists emphasize the contribution of the central nervous system 
in its pathophysiology, especially in the chronic form.

Diamond and Dalessio [89] proposed the following cascade of events as the 
pathophysiology of TTH implicating central mechanisms. Local responses in mus-
cle provoke muscle contraction and activate a spinal reflex that polysynaptically 
activates the thalamic and cortical neurons. This leads to excitation of the descend-
ing reticulospinal system that, in turn, causes increased muscle tone and local mus-
cle contraction through the gamma loop–muscle spindles activation. In chronic 
TTH, perhaps like migraine, both phenomena of peripheral and central sensitization 
are at work.

 Treatment

Episodic TTHs can be treated with aspirin, acetaminophen, and nonsteroidal anti- 
inflammatory drugs (NSAIDs). Supportive treatment includes behavior modifica-
tion, psychotherapy, and biofeedback. For chronic tension-type headaches, tricyclic 
antidepressants (particularly amitriptyline) are the drugs of choice [88]. European 
guidelines also recommend the use of serotonin and norepinephrine reuptake inhibi-
tors such as venlafaxine and mirtazapine [90].

 BoNT Treatment of Tension-Type Headache (TTH)

Eight prospective double-blind, placebo-controlled studies have investigated the 
efficacy of BoNTs in TTH (Table 5.3). Three studies were class I [90–92], whereas 
5 were class II [94–98] according to the efficacy classification of the Assessment 
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and Guidance Subcommittee of the American Academy of Neurology [99]. These 
controlled studies on TTHs used different outcomes, different techniques of injec-
tion and different types of toxins with different doses. Three studies used aboA, 
whereas 5 used onaA botulinum toxin. Among onaA studies, the injected dose var-
ied from 20 to 150 units. In the aboA groups, the dose varied from 200 to 420 units 
(Table 5.3). Among these eight studies, two met their primary outcomes (Table 5.3). 
None of the above-mentioned controlled studies that assessed efficacy of BoNTs in 
tension headaches used the injection design of PREEMPT studies or doses as high 
as those used in PREEMPT (155 to 195 units for onaA). However, there are a size-
able number of unblinded studies that report reduction of pain days and pain inten-
sity when botulinum toxins were used for treatment of tension headaches [100].

 Comment

The last practice guidelines of the American Academy of Neurology based on data 
from blinded studies states that botulinum toxins are probably ineffective in treat-
ment of tension headaches [101]. As mentioned in the first edition of this book 
(2015), this author strongly believes that a multicenter study with a similar design 
to PREEMPT is needed to assess the true efficacy of BoNT therapy in tension head-
aches. A comprehensive literature review on this subject published in 2019 from 

Table 5.3 Double-blind, placebo-controlled studies investigating efficacy of BoNTs in THs

Authors BoNT Class
# 
pts Dose (units) POM Result

Rollnick et al. 
(2000) [94]

aboA II 21 200 VAS, HD 
days

Did not meet POM

Schmidt et al. 
(2001) [95]

onaA II 60 20 WHYPI Did not meet POM

Schulte-Mattler 
et al. (2004) [91]

aboA I 60 250 Area under 
HD curve

Did not meet POM

Padberg et al. 
(2004) [96]

onaA II 40 100 VAS, HD 
days

Did not meet POM

Silberstein et al. 
(2006) [92]

onaA I 300 50, 100, 150 Pain-free 
days

Did not meet POM

Struabe et al. 
(2008) [93]

aboA I 120 210, 420 Pain-free 
days

Did not meet POM

Hamdy and Samir 
(2008) [97]

onaA II 28 100 VAS, HD 
days, QoL

VAS d30: P = 0.007
d90: P = 0.001
QoL: d30: P = 0.027
d90: P = 0.007

Harden et al. 
(2008) [98]

onaA II 23 100 (25 units/
trigger point)

VAS, HD 
days

Significant difference in 
HD frequency, weeks 
5–8

VAS visual analog scale, POM primary outcome measure, WHYPI West Haven-Yale Pain Inventory, 
QoL quality of life, HD hydrodistention
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Johns Hopkins University that looked at the design and doses used in all published 
studies in this area (including nonblinded investigations) also makes this point 
[102]. It has been almost 13 years since the last double-blind, placebo-controlled 
study was published on this subject. Since the PREEMPT study has shown such 
efficacy and safe profile over time for the use of onaA in chronic migraine, it would 
be unfair to patients suffering from chronic tension headaches not to conduct a 
study on the efficacy of BoNT therapy in tension headaches using the 
PREEMPT design.

 Chronic Daily Headaches (CDH)

Chronic daily headaches are defined as headaches that occur 15 or more days per 
month [103]. A majority of the affected patients have chronic migraine followed by 
TTHs [104]. The efficacy of BoNTs was investigated in 4 double-blind, placebo- 
controlled studies [105–108]. One study [108] was based on data from the subgroup 
of another study [106] on patients with CDH who were on no prophylactic medica-
tions. All studies used the mean change of headache free days per month as their 
primary outcome. The largest study enrolled 702 patients [107]. The first three stud-
ies did not meet their primary outcome measure. The subgroup study of Dodick 
et al. [108], however, demonstrated a significant increase in number of headache 
free days in the BoNT group compared to the placebo (10.7  days compared to 
6.6  days). Based on the aforementioned data, the Therapeutics and Assessment 
Subcommittee of ANA assigned a level U evidence (insufficient evidence to support 
or refute efficacy) for BoNT treatment in CDH [101].

 Trigeminal Autonomic Cephalalgias (TAC)

This category includes cluster headaches, paroxysmal hemicranias, short-lasting, 
unilateral neuralgiform headache attacks associated with conjunctival congestion 
and tearing (SUNCT) and short lasting, unilateral neuralgiform headaches attacks 
associated with autonomic symptoms (SUNA) [109].

 Cluster Headaches

Cluster headache (CH) is a primary headache disorder that affects 0.1% of popula-
tion [110]. The bouts of pain are usually severe and strictly unilateral and occur in 
the distribution of the trigeminal nerve over orbital, supraorbital or temporal regions. 
The attacks last 15 min to 3 h. They can occur from once every 2 days to eight times 
a day [111, 112]. If the period between attacks is less than 3 months, the condition 

5 Botulinum Toxin Treatment in Migraine and Other Headaches



99

is considered as chronic cluster headaches. At least one cranial autonomic symptom 
is present during the attack including unilateral, conjunctival congestion, nasal 
stuffiness, and/or running nose. Alcohol consumption, physical exertion, or distur-
bance of sleep can all trigger acute attacks of CH.

The pathophysiology of cluster headaches involves the trigeminovascular path-
way, trigemino-autonomic reflex, and hypothalamus [112]. Neuroimaging studies 
have shown that the posterior hypothalamus is active during cluster headaches 
[113]. The paraventricular hypothalamic nucleus probably contributes to cranial 
autonomic symptoms via its direct connections to the superior salivary nucleus. The 
suprachiasmatic nucleus of the hypothalamus is known as the primary circadian 
pacemaker [113] and, hence, is able to contribute to the periodic nature of cluster 
headaches.

 Treatment

Wei and Goadsby [112] discussed in detail the treatment of cluster headaches in a 
recent review (2021). For acute attacks, treatment consist of subcutaneous sumatrip-
tan (6 mg), high flow oxygen via nonrebreather mask (12 l/min for 15 min), nonin-
vasive vagus nerve stimulation (three, 2-min stimulations), intranasal sumatriptan 
(20  g), and intranasal zolmitriptan (5  mg or 10  mg). For interim treatment, oral 
prednisone (30 mg and 100 mg with tapering) and ipsilateral injection of greater 
occipital nerve with either local anesthetic or steroid is recommended. Preventive 
treatment includes use of verapamil (360 mg/day), lithium (800–900 mg/day), mel-
atonin (10 mg/day), and topiramate (25–400 mg/day). The category of emerging 
treatments includes galcanezumab, a CGRP blocker monoclonal antibody (300 mg/
day). This drug is now approved by FDA for treatment of episodic cluster headaches 
based on the statistically significant results from a multicenter, double-blind, 
placebo- controlled study of 106 patients [114]. However, since in the same study 
chronic cluster headaches failed to respond to galcanezumab, this drug is not 
approved by the European Medicines Agency (EMA).

 BoNT Treatment of Cluster Headaches

Sostak et al. [115], in an open label study, investigated the effect of 50 units of onaA 
in 12 patients with refractory cluster headaches. Three of 9 patients with chronic 
cluster headaches improved significantly. In one of the three, the attacks totally 
ceased for 18 months. None of the 3 patients with episodic cluster headaches showed 
any improvement, however.

Lampl et al. conducted an open label study on 17 patients meeting the criteria of 
the European Federation for chronic cluster headaches [116]. The duration of the 
study was 28 weeks (4 weeks of preinjection evaluation and 24 weeks of treatment 
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and observation). OnabotulinumtoxinA (150 units) was injected pericranially using 
the PREEMPT study approach. After onaA injection, 58.8% of the patients had 
>50% decrease in the duration of cluster headaches measured in minutes (primary 
outcome of the study). Another 29.4% demonstrated a 30% to 50% shortening of 
headache duration in minutes. Mean frequency of headache days also dropped from 
28.2 to 11.8 days at week 24 (P = 0.0001; 95% CI, 21.33–11.61). Headache Impact 
Test (HIT-6) showed a mean reduction of 12.7 points (P = 0.021).

Aschehoug et al. [117] reported the efficacy of injection of onabotulinumtoxinA 
into the sphenopalatine ganglion in 7 patients who were followed for 24 months. 
The injection was performed through a special device introducing 25 to 50 units of 
the toxin into the ganglion. As a primary outcome, the overall number of CH attacks 
of any intensity per month was decreased from 57.3  ±  35.6 at the baseline to 
12.4 ± 15.2 (P = 0.018) at month 18 and to 24.6 ± 19.2 (P = 0.028) at month 24. As 
a secondary outcome, the number of CH attack-free days per month increased from 
4.2 ± 5.9 at baseline to 19.1 ± 9.4 (P = 0.027) and 12.9 ± 8.8 (P = 0.018) in months 
18 and 24, respectively. Controlled and blinded studies are necessary to verify these 
positive results for cluster headaches.

 Posttraumatic Headaches (PTH)

Retrospective studies in civilians report a variable prevalence of 30% to 90% head-
aches after head injury with 18% to 22% lasting beyond 1 year after the head injury 
[118]. The prevalence of PTH was 38% among soldiers returning from combat with 
most headaches demonstrating clinical features of migraine [119]; tension head-
aches were the second most common type. Posttraumatic headaches are usually 
treated according to the clinical type of the headaches [120]. A brief account on the 
medical treatment of migraine and tension-type headaches has been addressed ear-
lier in this chapter.

 Botulinum Toxin Treatment of Posttraumatic Headaches

The limited literature on treatment of posttraumatic headaches with botulinum 
toxin-A suggests that this type of headache is also amenable to BoNT treatment.

Yerry et al. [121] evaluated the efficacy of onabotulinumtoxinA in posttraumatic 
headaches in a real-time, retrospective study. The study group consisted of 64 sub-
jects (63 male) with mostly blast-related injury. Migraine headaches with a fre-
quency of more than 15 days per month were present in 46% of the patients. Patients 
were injected with onabotulinumtoxinA using the PREEMPT study paradigm and 
dosage. The patients’ response to BoNT treatment was evaluated by the global eval-
uation of change (GEC)—no difference, better or worse. At the time of closure of 
the study, headaches improved in 64.1% of the patients, remained unchanged in 
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28.5%, and worsened in 3.2%. Posttraumatic stress disorder was present in 41.9% 
of the patients who did not improve with botulinum toxin treatment.

Zirovich et al. [122] conducted a randomized, placebo-controlled, double-blind 
study in 40 patients with posttraumatic headaches. The mean age of the patients was 
34.3 years and 95% of them were male. The head injury was mild but complicated 
in 38 patients (80%). The study was conducted over 24 weeks. The study design was 
cross-over with a cross-over at week 16 between toxin and placebo. Patients were 
injected with abobotulinumtoxinA using a total dose of 387.5 units according to the 
injection paradigm of the PREEMPT studies (31 injection sites, see PREEMPT 
technique described earlier in this chapter). The primary outcome was the change in 
the overall number of headaches per week from baseline. Secondary outcome mea-
sures consisted of number of headache days per week and pain severity.  
Patients who received BoNT-A demonstrated a significant decrease in the number 
of headaches per week compared to baseline (P < 0.001). The comparative differ-
ence of headaches per week was significant when the toxin group was compared 
with the placebo group ((P = 0.048). There was a significant decrease in pain sever-
ity (measured by VAS) when toxin group was compared with the placebo group 
(P = 0.006). Injection site pain and fleeting paresthesias were the most common side 
effects occurring with the same frequency in the toxin ad placebo groups. No seri-
ous side effects were noted.

 Comment

Preliminary results of botulinum toxin injection treatment in cluster and posttrau-
matic headaches are encouraging. Verification of these positive results awaits con-
ducting multicenter, blinded, and placebo-controlled studies in larger number of 
patients affected by cluster and posttraumatic headaches.
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Chapter 6
Botulinum Neurotoxins and Chronic Low 
Back Pain

 Introduction

Low back pain is anatomically defined as a pain that involves the area(s) between 
the 12th rib and the iliac crest. It may include nociceptive, neuropathic, and noci-
plastic (amplified by CNS) qualities [1]. Epidemiological studies have shown that 
75% to 80% of all people suffer from low back pain some time during their life time 
[2]. Among German athletes, Schmidt et al. [3] have reported a 1-year prevalence of 
57% and a lifetime prevalence of 66% with the highest lifetime prevalence of 77% 
noted among volleyball players. The economic burden of low back pain is currently 
estimated to exceed $100 billion/year in the United States and more than $2.5 bil-
lion/year in Australia. Most of this cost seems to be indirect due to the loss of work 
productivity.

Chronic low back pain is defined as a low back pain that lasts more than 6 months. 
Chronicity in low back pain is not uncommon. Approximately 60% of the patients 
with mechanical low back pain are found to have continued low back pain beyond a 
year after the onset of pain [4].

The anatomy and physiology of human low back pain are complex. All major 
anatomic elements of the lumbosacral area (skin, muscles, bones, discs, dura, and 
ligaments) have rich innervation and, when disturbed, are capable of producing low 
back pain. Direct involvement of neural elements (nerve roots) by compression or 
inflammation can also cause cLBP. Furthermore, emotional, cognitive, and behav-
ioral elements also contribute to the maintenance of low back pain [5].

Botulinum neurotoxins exert an analgesic effect after subcutaneous or intramus-
cular injection via peripheral and central mechanisms [6]. In human, they have been 
shown to alleviate pain in several medical conditions such as chronic migraine, 
posttraumatic neuropathy, postherpetic neuropathy, and painful diabetic neurop-
athy [7].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99650-5_6&domain=pdf
https://doi.org/10.1007/978-3-030-99650-5_6
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 Anatomy of Low Back Muscles

The lumbosacral area contains a number of muscles arranged at different levels. 
These muscles stabilize the spine and allow movement of the low back in different 
directions (flexion, extension, and rotation). Erector spinae (ES) are the most super-
ficial of the low back muscles. At the lumbar region, the ES consist of a single 
muscle mass with three distinct groups: medially located spinalis, laterally located 
ileocostalis, and the longissimus which is between these two (Fig. 6.1). The lower 
fibers of these muscles attach to the sacrum and iliac crest. Rostrally, the three 

Fig. 6.1 Major muscles of low back: superficial layer (ES, shown on the right) and deep layer; 
quadratus lumborum (QL) and multifidus (M) shown on the left. The cervicothoracic muscles, 
spinalis (medial, marked S), longissimus (middle, marked L), and iliocostalis (lateral marked IC) 
join at L12–L1 level and make a single mass of erector spinae (ES) at the lumbar region
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muscles separate from each other approximately at L1/T12 vertebral level. The 
fibers of ileocostalis attach to T7 to T12 ribs. The fibers of lumbar spinalis and lon-
gissimus attach rostrally to the transverse and spinal processes of lumbar and tho-
racic vertebrae. Unilateral contraction of ES provides lateral flexion and rotation to 
the opposite side. Bilateral contraction of these muscles extends the spine. The 
nerves for erector spinae originate from the dorsal division of spinal nerves.

Quadratus lumborum (QL) and multifidus muscles are located deeper than ES 
muscles (Fig. 6.1). QL is often implicated in low back pain. QL is rostrally attached 
to the lower level of the 12th rib and the transverse processes of the first four lumbar 
vertebrae. Its fibers end distally via aponeurosis to the lumbo-inguinal ligaments 
and attach to the medial part of the iliac crest. Unilateral contraction of QL produces 
ipsilateral flexion of lumbar spine, whereas bilateral contraction helps with exten-
sion of the spinal column. Quadratus lumborum is innervated by the ventral rami of 
the 12th thoracic and upper three or four lumbar spinal nerves. Its blood supply 
comes from the lumbar arteries, lumbar branches of iliolumbar artery, and branches 
of subcostal artery.

Multifidus muscle fills up the groove on either side of the spinal processes of the 
vertebrae from the sacrum to the coccyx. The multifidus is composed of thin fas-
ciculi which arise from the sacrum (as low as the fourth vertebrae), aponeurosis of 
the origin of sacrospinalis muscle, posterior medial surface of the ilium, and poste-
rior sacroiliac ligament. In the lumbar region, its fibers attach to mammillary pro-
cesses of all lumbar vertebrae. Deeper fibers connect to L2–L4 lumbar vertebrae 
and work to stabilize the joints at each segmental level. At the lower lumbosacral 
region, more superficial multifidus fibers are close to the skin due to the thinness of 
the overlying ES in this region. Multifidus muscles, like facet joints, are innervated 
by the medial branch of the dorsal ramus of the spinal nerves.

 Pathophysiology of Chronic Low Back Pain

Pathophysiology of low back pain is complex due to the complexity of low back 
structures and multiplicity of the causative factors. Recent data have demonstrated 
that in chronic low back pain, in addition to peripheral elements, chronic pain causes 
functional changes in thalamocortical loop that promotes pain maintenance [8].

Muscle strain and disturbance play a major role in the pathophysiology of 
mechanical low back pain. Major low back muscles such as ES and QL are richly 
innervated. Irritation of nerve endings may lead to accumulation of pain mediators 
(glutamate, calcitonin gene-related peptide, and substance P) at the periphery caus-
ing peripheral sensitization. In patients with an anatomically tight compartment for 
ES muscles, the compressed muscle can cause pain and discomfort especially dur-
ing exercise—the lumbar compartment syndrome [9].

Recently, the role of dorsal root ganglia (DRG) in chronic disc disease leading to 
low back pain has attracted much attention. It has been shown that DRG is very 
sensitive to pressure and even light compression can cause long periods (5–25 min) 
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of repetitive firing in DRG neurons [10]. The ruptured disc material, due to proxim-
ity to DRG, can influence DRG neurons and upregulate expression of pain media-
tors and inflammatory agents to produce or enhance pain. In rats, experimental disc 
puncture at L5–L6 level caused persistent upregulation of calcitonin gene-related 
peptide (CGRP) in lumbar DRG neurons for the entire 8-week course of the study 
and a transient (2  weeks) increase in expression of inflammatory agents 
(Interleukin-6, nerve growth, and tumor necrotizing factors) in DRG [11]. In a simi-
lar disc injury experiment in rats, after injury, there is upregulation of tetrodotoxin- 
sensitive sodium channel (NaV1.7), in L1–L5 DRG neurons. NaV 1.7 channels are 
associated with sensory transmission in sensory nerves [12]. Disc injury related to 
injection of Freund’s adjuvant into L5 disc results in increased expression of CGRP, 
Substance P, and nerve growth factor both in DRG and the thalamus lasting for 
8 weeks [13]. A sizeable number of DRG neurons that innervate vertebral bodies are 
also CGRP positive (33% of those innervating L5 vertebra) which suggests a role 
for CGRP positivity of DRG neurons in bone-generated low back pain [14].

Facet joint disease is another condition often associated with chronic low back 
pain. Wakai et  al. [15] have shown that many DRG neurons have dichotomized 
axons which project both to facet joints and to low back muscles. These could be the 
source of referred pain. Approximately 17% of all DRG neurons innervating the 
facet joints have other axons that extend to the lower back muscles.

The role of sympathetic nervous system in maintaining pain and its chronicity 
has long been suspected based on anatomical studies showing massive sprouting of 
sympathetic fibers into DRG after peripheral injury [16]. Normally, no sympathetic 
fibers are inside DRG, and noradrenergic innervation is present only in the adjacent 
blood vessels. Following peripheral injury, inflammation develops in DRG and 
sympathetic ganglia with influx of macrophages and T-cell lymphocytes into 
DRG. This leads to release of cytokines and increases electrical discharge of DRG 
neurons. Sympathectomy or removal of sympathetic ganglia decreases the influx of 
macrophages and T cells into DRG and, consequently, decreases the magnitude of 
inflammation [17]. Sympathectomy attenuates the excitability of dorsal root gan-
glion neurons and pain behavior in a lumbar radiculopathy model [18]. In chronic 
low back pain caused by nerve root or DRG injury, sympathetic nervous system 
hyperexcitability may play a role in the maintenance of pain (sympathetically main-
tained pain).

In chronic pain states, peripheral sensitization (PS) due to accumulation of pain 
mediators and inflammatory agents leads to central sensitization (CS) that is 
believed to contribute to pain chronicity. This CS occurs at multiple levels of CNS 
starting with the spinal cord neurons and followed by the brain stem and thalamic 
and cortical neurons. There is evidence from molecular biology, electrophysiologi-
cal investigations, and neuroimaging studies that pathological conditions associated 
with chronic low back pain are capable of inducing central sensitization. In condi-
tions such as herniated disc or trauma, injury leads to generation of ectopic dis-
charges in DRG neurons causing hyperexcitability of spinal cord sensory neurons. 
Furthermore, light compression of DRG by experimentally induced disc herniation 
increases evoked responses in the posterior thalamic neurons for a minimum of 
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40 min [19]. Functional MRI of patients with chronic low back pain compared to 
asymptomatic age-matched volunteers has shown augmented activation in premo-
tor, supplementary motor, insula, and anterior cingulate cortex in patients with 
cLBP [20]. Chronic low back pain produces a structural reorganization in senso-
rimotor cortex, dorsolateral prefrontal cortex, insula, and thalamus [21]. It has been 
shown that effective treatment of low back pain reverses these deleterious anatomi-
cal and functional changes [22].

 Medical Treatment of Chronic Low Back Pain

A large number of analgesic agents are available and are frequently used for treat-
ment of chronic low back pain; these include nonsteroidal anti-inflammatory agents 
(NSAID), tricyclic and tetracyclic antidepressants, muscle relaxants, cyclooxygen-
ase 2 inhibitors, antispasticity agents (tizanidine), anticonvulsants (gabapentin, pre-
gabalin), serotonin/norepinephrine inhibitors (duloxetine), opioid-like agents such 
as tramadol, strong opioids (oxycodone, oxycontin), and topical anesthetic agents, 
and, more recently, cannabis. Tricyclic antidepressants are reported to cause a 20% 
to 40% reduction over placebo in short follow-ups (4–8 weeks), but their long-term 
effect is not known [23]. The anticholinergic side effects of these agents are also of 
concern, especially in the elderly. Prospective and control studies with some other 
agents such as NSAIDs, muscle relaxants, and cyclooxygenase inhibitors have 
shown marginal improvement over placebo in chronic low back pain [24–29]. In a 
12-week study [30], both 200 mg and 300 mg of tramadol moderately improved low 
back pain compared to placebo (P = 0.052 and P = 0.009); the disability index, sleep 
quality, and patient assessment score also improved as secondary measures 
(P = 0.012). Topical NSAID diclofenac has shown some promise in reducing osteo-
arthritic pain, but systematic studies in chronic low back pain are lacking. In acute 
and subacute low back pain, one prospective, open-label study has suggested effi-
cacy of lidocaine patch to improve pain and quality of life, and these positive effects 
were associated with high scores in patient satisfaction [31]. However, controlled 
studies in chronic low back pain with lidocaine patch are not available [32]. The 
Cochrane Review of literature on the effect of opioids on pain and function among 
patients with low back pain encompassed 15 blinded studies with a total of 5600 
patients during the period of 2007 to 2012 [33]. Both tramadol (weak opioid func-
tion) and strong opioids improved chronic low back pain and function over placebo 
(moderate for pain, mild for function). Two studies found a comparable effect in 
chronic low back pain for opioids with tricyclic antidepressants. None of the studies 
addressed the long-term efficacy and safety. Long-term use of opioids is confounded 
by development of addictive behavior.

In a comprehensive review of treatment options for chronic low back pain [34], 
authors recommended tricyclic antidepressants (nortriptyline, 25–150  mg daily), 
tramadol ER (100–300 mg daily), and lidocaine patch (5%, 1–3 patches applied 
topically for up to 12 h) as the first line of medical treatment. In view of limited 
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supportive literature, the long-term efficacy of tramadol ER and lidocaine patch in 
treatment of cLBP is not well established. Despite medical therapy, most patients 
with chronic low back pain continue to experience pain and are not satisfied with 
their level of pain management.

Physical therapy (PT) is aimed to reduce pain, and therapists can educate patients 
to perform passive and active movements that potentially may prevent progression 
of low back pain and disability. While PT is commonly used in management of 
cLBP, well-designed studies are scant; furthermore, methodological problems and 
paucity of high-quality investigations prevent drawing conclusions regarding the 
precise efficacy of physical therapy [35, 36].

Massage, heat, and cold applications are temporarily effective for pain, but show 
no long-term benefits. The few available high-quality studies advocate that spinal 
manipulative therapy (SMT) has no advantage in management of chronic low back 
pain [37]. A review of studies (10 randomized clinical trials) using yoga for man-
agement of chronic low back pain suggested strong evidence for short-term and 
long-term effect on pain and moderate effect on pain-related disability [38]. 
However, a recent review of RCTs on Yoga and mindful practices emphasized short-
coming of reported studies including small number of patients and difficulty with 
blinding the study [39].

Transcutaneous electrical nerve stimulation (TENS) has been found to be inef-
fective based on two negative high-quality studies [40]. Acupuncture data in low 
back pain are hard to interpret due to heterogeneity of participants and suboptimal 
quality of most studies; improvements in pain and function are reported in some 
controlled studies, but the effects are transient [41]. One review concluded that 
ultrasound treatment has no appreciable effect on pain or functionality [42], whereas 
a recent one claims that five of six studies have shown a positive effect on nonspe-
cific chronic low back pain [43]. There are no convincing data on the value of trans-
cortical electrical and magnetic cortical stimulation in chronic low back pain [44].

Epidural injections with anesthetic agents (with or without steroids) improve 
pain flairs in cLBP, but the effects are generally transient. A review of the literature 
on this subject found 15 blinded, placebo-controlled studies with the best results 
reported for radiculopathies due to disc herniation and spinal stenosis [45]. Bone 
loss as well as a potential for bone fracture have been reported after epidural injec-
tion of steroids [46].

Surgical treatment of low back pain has produced mixed results. Spinal fusion 
alleviates pain and improves function in patients with degenerative spine disease, 
but the positive effects may not last long. Minimal spinal surgery without open sur-
gery in selected patients has produced good short-term results. Longer observations 
are needed, however [47].

A Cochrane Review of 6 high-quality publications provided strong evidence that 
behavioral therapy had a moderate effect in decreasing pain, but no noticeable effect 
on patients’ functional status or behavioral health. The review concluded that both 
the type of patients that benefit from behavioral therapy and the type of behavioral 
therapy which is most effective still need to be determined [48]. Cannabis may be 
helpful in chronic low back pain because of its proven analgesic effect, alleviating 
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fear of pain as well as excellent safety profile, but high-quality clinical trials inves-
tigating its role in cLBP are not yet available [49].

 Evidence for Efficacy of BoNTs in Chronic Low Back Pain

A Medline search identified five randomized, placebo-controlled, blinded studies 
that have investigated the efficacy of BoNT therapy in chronic low back pain [50–
54] and one prospective study with long-term follow-up (Table 6.1) [55]. Four of the 
above-mentioned six studies [50, 52, 54, 56] that injected the toxin into the erector 
spinae muscle at 5 lumbar levels and used comparable toxin dosage reported signifi-
cant improvement of chronic low back pain. One study that employed the same 
injection methodology, but lower dose of the toxin failed to improve cLBP [53]. 
One other study in which investigators injected quadratus lumborum and iliopsoas 
muscles also reported negative results [51]. None of the patients injected into erec-
tor spinae muscles, even with relatively high doses of BoNT (400 units in case of 
bilateral injections) reported any serious side effects such as weakness of the legs or 
impaired balance.

 Studies

Foster et al. (2001) [50]
This first blinded and placebo-controlled study of BoNT in chronic low back pain 
was reported by our group looking at an active duty and retired military population 
at Walter Reed Army Medical Center in Washington DC. We studied 31 subjects 
with unilateral cLBP randomized into the BoNT group (15 patients) and placebo 
group (16 patients). The study had a parallel design. The inclusion criteria consisted 
of LBP of more than six-month duration, unilateral or predominately unilateral LBP 
(severity level of 4 or more at visual analog scale—VAS), and failure to respond to 
at least two major analgesic medications. All patients were adults, 18 years or older. 
The exclusion criteria consisted of known hypersensitivity to onabotulinumtoxinA 
(onaA), pregnancy or planned pregnancy, presence of neuromuscular junction dis-
orders, being on medications known to cause significant neuromuscular junction 
dysfunction, MRI evidence of acute low back pathology requiring surgery, history 
of previous back surgery, and history of corticosteroid injections to the lumbosacral 
area within 12 weeks of enrollment. Patients who were involved in litigation, seek-
ing significant disability for low back pain, or with evidence of secondary gain were 
also excluded. The mean age of the study group was 46.4 years for onaA group and 
47  years for the control group (range, 20–73). The mean duration of pain was 
8.1 years for the BoNT-A group and 5.7 years for the control group (range 6 months 
to 30 years). Patients were instructed to continue their analgesic medications during 
the study but not to change the dose, while avoiding new analgesic medications. 

Studies



116

Table 6.1 Blinded studies reporting on the effect of BoNT therapy in chronic low back pain

Authors 
and date

Study 
type 
and 
class

# 
Patients

Type 
of 
toxin

Dose in 
units

Site of 
injection

Primary 
outcome Results

Foster 
et al. 
(2001) 
[50]

DB, 
PC, 
PD, 
class 
II

31 onaA 200 u, 40 u 
per each 
lumbar level

Unilateral 
injection, 
erector 
spinae, 
lumbar 
region

VAS 50% 
decrease and 
OLBPQ

Both at 3 and 
8 weeks, VAS 
and OLBPQ 
scores 
improved 
significantly in 
favor of onaA
P values: 
0.012, 0.009, 
and 0.011, 
respectively.

De 
Andres 
et al. 
(2010) 
[51]

DB, 
PC, 
PD, 
class 
II

28 onaA In one side 
50 u of 
onaA, on the 
other side 
either saline 
or 
bupivacaine

Iliopsoas 
and 
quadratus 
lumborum, 
each 50 u, 
same 
volume 
with other 
agents

Difference in 
VAS at 15, 30, 
and 90 days. 
Different 
questionnaires 
for ADL, 
anxiety, and 
depression ….

Trend toward 
significance in 
onaA group as 
to VAS change 
but P > 0.05

Cogne 
et al. 
(2017) 
[53]

DB, 
PC, 
PD, 
class 
II

19 onaA 200 u, 20 u 
per each 
lumbar level

Bilateral 
injection, 
erector 
spinae, 
lumbar 
region

VAS, QBPDS, 
PGIC

No significant 
improvement 
in any 
measures.

Machado 
et al. 
(2011) 
[52]

DB, 
CO, 
class 
II

37 aboA 40 u per 
lumbar 
level. Total 
dose: 500 u 
for unilateral 
and 1000 u 
for bilateral 
injection

Unilateral 
and 
bilateral, 
erector 
spinae, 
lumbar

Vas, OLBPQ, 
PGIC

At week 4, 
VAS score 
change favored 
onaA 
(P = 0.008). In 
toxin group, 
significant 
change in 
OLBPQ and 
PGIC 
(P = 0.0448 
and 
P = 0.0293)

(continued)
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They were also instructed to make no changes in their physical therapy regimen as 
prescribed by their treating physician.

In the BoNT group, each patient received a total of 200 units of onaA into the 
erector spinae (ES) on the side of unilateral or predominately unilateral pain. The 
ES muscle was injected at 5 points: L1, L2, L3, L4, and L5 levels, 40 units per level 
regardless of the pain location within any of these 5 levels (Fig. 6.2).

The dilution used was 100 units/cc. The baseline level of pain and degree of dis-
ability were documented by using the visual analog scale (VAS) and the Oswestry 
Low Back Pain Questionnaire (OLBPQ). Evaluations were performed at baseline 
and at 3 and 8 weeks using the VAS score, and at baseline and 8 weeks using the 
OLBPQ score. The primary outcome measure was 50% or more reduction in pain 
as defined by VAS at 8 weeks.

At 3 weeks, 11 of 15 subjects (73.3%) who had received onaA had >50% pain 
relief versus 4 of 16 (25%) in the control group (P = 0.012). At 8 weeks, 9 of 15 
(60%) subjects in the onaA group and 2 of 16 (12.5%) in the control group expressed 
relief (P = 0.009). A repeat OLBPQ at 8 weeks showed significant improvement of 
quality of life in 10 of 15 (66.7%) patients in the BoNT group versus 3 of 16 (18.8%) 
in the control group (P = 0.011). None of the patients experienced any significant 
side effects. It was concluded that paraspinal administration of onabotulinumtoxinA 
at 5 lumbar levels into ES is safe and can relieve pain and improve the quality of life 
in patients with predominantly unilateral chronic low back pain without a history of 
surgery or evidence of acute back pathology on MRI.

Jabbari et al. (2006) [55]
In this prospective, open-label study, we investigated the effect of repeated injec-
tions of onabotulinumtoxinA in patients with chronic low back pain over 16 months. 
The cohort consisted of 75 patients with chronic LBP refractory to medical or surgi-
cal treatment. The inclusion and exclusion criteria were the same as those of our 

Table 6.1 (continued)

Authors 
and date

Study 
type 
and 
class

# 
Patients

Type 
of 
toxin

Dose in 
units

Site of 
injection

Primary 
outcome Results

Jazayeri 
et al. 
(2018) 
[54]

SB, 
PD, 
class 
II

50 aboA 40 u/lumbar 
level

Erector 
spinae, 
lumbar

VAS, OLBPQ At 4 and 
8 weeks, VAS 
and OLBPQ 
scores favored 
aboA 
(P < 0.05, 
<0.01, 
and < 0.05, 
respectively)

DB double-blind, SB single-blind, PO Placebo-controlled, PD Parallel design, CO cross-over 
design, VAS Visual Analog Scale, OLBPQ Oswestry Low Back Pain Questionnaire, PGIC Patient 
Global Impression of change, onaA onabotulinumtoxinA (Botox), aboA abobotulinumtoxinA 
(Dysport)
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previous blinded study described above [55] with the exception of including patients 
with bilateral low back pain. The dose and technique were also similar to our blinded 
study, with a minor modification (an extra dose of 10 to 20 units was administered 
more laterally into the bulk of the erector muscles at the level of most discomfort). 
The patients had a mean age of 46.1 years (range 21–79) and mean pain duration of 
9.2 years (range 7 months to 50 years). Of the 75 patients, 21 were female, and 84% 
of the studied cohort had bilateral low back pain. Other factors noted among the 
cohort included previous back surgery (n = 14), root pain (n = 20), epidural steroids 
injections (n = 19), and narcotic analgesic use (n = 36). None had back surgery or 
steroid injections within 6  months of enrollment. Magnetic resonance imaging 
(MRI) showed a variety of low back pathologies (50%), but none were severe or 

Fig. 6.2 Recommended sites of BoNT injection into the erector spinae muscles for chronic low 
back pain [50]
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acute enough to require surgical intervention. The most common pathologies con-
sisted of chronic degeneration of the spine, canal stenosis, and chronic disc protru-
sions. Patients were instructed not to change their analgesic medications and 
continue with their physical therapy during the course of the study. Pain intensity 
(VAS), pain frequency (pain days measured in the pain impact questionnaire (PIQ)), 
Oswestry low back pain questionnaire (OLBPQ), and patient level of satisfaction 
were assessed at baseline, 3 weeks, and at 2, 4, 6, 8, 10, 12, and 14 months. OnaA 
was injected into the paraspinal muscles at five levels (between L1 and S1) unilater-
ally or bilaterally depending on individual patient’s pattern of pain. The dose per 
site was 40 units with exceptional patients receiving an additional 10–20 units at 
one level (more laterally) if the local area of pain extended laterally. The total dose 
per session ranged from 200 to 500 units. Reinjections were performed at 3 to 5 
months if pain returned; most patients had reinjections every 4 months.

At 3 weeks, 40 patients (53%) and at 2 months, 39 patients (52%) reported sig-
nificant pain relief. The change in mean VAS, mean OLBPQ, and mean PIQ was 
significant compared to the baseline at 2  months after each injection period 
(P  <  0.005) compared to baseline and remained so over subsequent treatments. 
Among initial responders, 91% continued to respond over the length of the study 
(Fig. 6.3).

Nine of 20 patients (45%) with root pain reported diminished root pain after 
treatment. After the first treatment, three patients (4%) had mild-flu-like symptoms 
which lasted 2 to 5 days. No other side effects were noted.

De Andres et al. (2010) [51]
The authors enrolled a total of 28 patients (20 females) with chronic bilateral myo-
fascial pain in the low back region. All patients had distinct trigger points which 
upon pressure evoked referred pain. The involved muscle distribution was as fol-
lows: psoas (18.5%), quadratus lumborum (18.5%), and psoas plus quadratus 

Fig. 6.3 Open-label study of onaA in cLBP with 16-months follow-up. The values of mean pain 
days assessed by Pain Impact Questionnaire (PIQ), Oswestry low back pain questionnaire 
(OLBPQ), and visual analog scale (VAS) are represented by black, gray, and white colors, respec-
tively. Injections were performed at baseline months 4, 8, and 12 (2 months before represented 
values). (From Jabbari et al. 2006 [55] in Pain Medicine. Reprinted with permission from publisher 
(Oxford Academic))
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lumborum (63%). The study was designed to evaluate prospectively and blindly the 
efficacy of onabotulinumtoxinA versus saline or bupivacaine. Twenty-seven patients 
completed the study. All patients received onaA injections into quadratus lumborum 
and iliopsoas (IS) muscles on one side. On the contralateral side, 13 patients received 
bupivacaine (0.25%), and 14 subjects received saline. The injected onaA solution 
was 100  units/cc. Each muscle (QL or IS) received 50  units, fluoroscopically 
injected deep into the muscle.

The inclusion criteria were as follows: Mechanical low back pain longer than 
6 months duration, age 20–70, existence of bilateral trigger points with associated 
referred pain in the iliopsoas muscle, quadratus lumborum muscle, or both, and no 
response to conservative medical and physical therapy. Patients with previous back 
surgery, spondylolisthesis, facet joints arthropathy, known or suspected hypersensi-
tivity to BoNTs, neurologic deficits in the painful area, neuromuscular junction or 
motor neuron diseases, diagnosis of fibromyalgia, and pre-existing inflammation or 
infection of the injection sites were excluded.

The primary outcome was the difference between VAS score on the side of BoNT 
injection and the side of saline or bupivacaine injection at 15, 30, and 90 days. The 
authors used five different questionnaires (Hospital Anxiety and Depression scale, 
Lattinen, Oswestry, and Spielberger State-Trait Anxiety Index) to evaluate the 
effects of treatment on daily life activities and psychologic status of the patients.

OnaA administration did not significantly reduce VAS scores compared with 
contralateral saline or bupivacaine injections. Nonetheless, the authors reported a 
trend toward significance that was seen only in the BoNT group in respect to VAS 
score. The authors concluded that administration of onaA provided several subjects 
significant pain relief, but cautioned against its cost in clinical practice.

Machado et al. (2011) [52]
This double-blind, placebo-controlled, parallel design study conducted at Yale 
University, New Haven, CT, was technically modeled after the study of Foster et al. 
[50] to evaluate the efficacy of abobotulinumtoxinA (aboA) in patients with chronic 
low back pain. A total of 90 subjects were enrolled allowing for 12% dropout. The 
inclusion criteria consisted of age over 18  years, unilateral or bilateral chronic 
(>6 months) low back pain, failure to respond to at least two pain medications, and 
a pain level of >4 in VAS. Subjects with a history of prior back surgery or steroid 
injections within 6  months prior to enrollment were also excluded. AboA was 
injected into the erector spinae muscles unilaterally or bilaterally depending on the 
patients’ pain pattern and at 5 lumbar levels. The total dose per side was 500 units 
(which approximated the 200 units of onaA used in the Foster et al.’s study). The 
dose per level was 100 units. The primary outcome of the study was the proportion 
of patients with VAS < 4 in aboA group compared to placebo group at weeks 4 and 
6. Other efficacy measures consisted of American Chronic Pain Association (ACPA) 
quality of life scale, the Oswestry low back pain disability questionnaire (OLBPQ), 
the short form SF-32, and patient global impression of change (PGIC). Evaluations 
were done at 4, 6, 8, 12, and 16 weeks after aboA/saline injections.
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At week 4, 7 of 18, patients in the aboA group and 4 of 19 patients in the placebo 
group showed the desired VAS improvements (P < 0.0084). At week 6, 9 of 18 
patients in the toxin group and 4 of 19 patients in the placebo group showed the 
defined VAS improvement (P < 0.0911). Functionality and quality of life as mea-
sured by OLBPQ improved in 10 of 18 and 4 of 19 patients in toxin and placebo 
groups, respectively (P = 0.0448). Eight of 18 patients in the toxin group and 2 of 
19 patients in the placebo group described their pain as much improved as measured 
by PGIC (P = 0.0293). There were no serious side effects. Three patients in the 
toxin group and two patients in the placebo group developed pain at the site of injec-
tion that lasted for 2 to 3 days (P = 0.6390). Improvement of quality of life on ACPA 
scale occurred in five patients of the aboA group and one of the patients in the pla-
cebo group (P = 0.0897). The authors concluded that in patients with chronic low 
back pain, injection of aboA into the erector spinae muscles improves pain, function 
as well as the patient’s satisfaction with treatment. A multicenter study using a simi-
lar technique and dose in a larger number of patients was recommended.

Cogne et al. (2017) [53]
This study was randomized, double-blind, placebo-controlled with a cross-over 
design. The studied subjects had chronic low back pain with a duration exceeding 
6  months. Inclusion and exclusion criteria were similar to that described in the 
aforementioned studies. The patients’ physical therapy program continued during 
the study. No patient was allowed to take opioids. The primary outcome measure 
was a change of 40 mm in visual analog scale (0–100 mm), 30 days after injection. 
Secondary measures were several, among them: Quebec pain disability scale, 
patient satisfaction with treatment, Schober and Master test for spinal mobility, and 
ability to work. Nineteen patients were studied: 9 received the toxin, and 10 received 
placebo. Injections were bilateral into paravertebral muscles, at 5 lumbar levels on 
each side. The total dose of toxin (onabotulinumtoxinA) was 200 units, 100 units 
for each side, 20 units/site. For the placebo group, a similar volume of saline (4 cc) 
was used. The authors found no difference between onaA and placebo regarding 
any of the primary or secondary measures. They stated that the failure of onaA to 
improve their patients’ low back pain might have been related to the lower dose of 
the toxin (20 u instead of 40 u per lumbar level) used in their study compared to the 
study of Foster et al. [50]. They also mentioned the small number of patients as a 
limitation of their study.

Jazayeri et al. (2019) [54]
The authors assessed the efficacy of abobotulinumA (aboA-Dysport) in chronic low 
back pain through a randomized, placebo-controlled, single-blind study. The crite-
rion for inclusion into the study was low back pain exceeding 6 months in duration 
and age of older than 18 years. Efficacy measures consisted of VAS for pain and 
OLBPQ for function. Fifty patients participated in the study, 25 in each group (toxin 
and saline). In the toxin group, 40 units of aboA were injected into each lumbar 
level into the paraspinal muscles. At week 4, 19 of 25 patients (76%) in the aboA 
group showed VAS improvement versus 5 of 25 (20%) in the saline group (P < 0.05). 
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At 8 weeks, the VAS change was again in favor of aboA (P < 0.011). Functional 
improvement at week 8 was also statistically significant in favor of aboA (P < 0005). 
No patient developed any serious side effects. The authors concluded that paraspi-
nal injection of aboA is safe and effective in treatment of cLBP.

 Case Report

A 57-year-old Caucasian male suffered from chronic low back pain for 10 years. 
The pain began insidiously, gradually increased in intensity, and became daily over 
the past 2 years. The pain concentrated in the lower lumbar region. He described no 
radicular pain. Episodes of severe exacerbations were frequent and disabling. When 
severe, the pain intensity was rated as 10 out of 10 on VAS. He used a large number 
of analgesic medications over years with no relief. His current pain medications 
consisted of gabapentin (800 mg, three times daily) and Cymbalta (90 mg, daily). In 
addition, he was taking oxcarbazepine (600  mg, twice daily) and lamotrigine 
(200 mg, twice daily) for depression. He denied to have had back surgery in the past 
or using epidural steroid injections. The neurological examination was normal. A 
magnetic resonance imaging (MRI) of the lumbosacral spine showed mild degen-
erative changes, but no acute pathology.

AbobotulinumtoxinA (aboA—Dysport), 500 units (100 units per each lumbar 
level), was injected into the erector spinae muscles under EMG guidance. The 
patient was evaluated monthly with VAS and patient global impression of change 
(PGIC). Two weeks after the initial treatment, he reported absence of low back pain. 
VAS scores at months 1, 2, 3, and 4 were at 0, 1, 1, and 2 levels, respectively. At 
4  months, he reported his experience with aboA treatment as very satisfactory. 
There were no side effects associated with aboA treatment.

During the years 2004–2015, when I was in charge of Yale University’s botuli-
num toxin treatment program, I have followed several patients with cLBP that have 
experienced good results for years after repeated injections of onaA or aboA into ES 
muscles. The injection protocol was the one originally designed by us at Walter 
Reed Army Medical Center [50] and proved effective in later studies [52, 54, 55].

 How Does the Administration of Botulinum Toxin Improve 
Low Back Pain?

The exact mode of action of botulinum toxin-A in chronic low back pain still 
remains to be determined. Based on animal and human research data, several plau-
sible mechanisms exist:

 1. In muscles, both A and B toxins produce relaxation via inhibiting the release of 
acetylcholine in the neuromuscular junction. This could explain some of the pain 
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relief especially when low back pain is associated with muscle tightness and 
spasms. Furthermore, decreased muscle tone is often associated with a reduction 
in muscle bulk (atrophy). This decrease in muscle bulk (especially in the ES 
muscle) may be helpful when back pain is attributed to anatomically tight com-
partment (lumbar compartment syndrome) [56].

 2. As described under pathophysiology of cLBP, many causes of low back pain, 
especially protruded disc, produce marked accumulation of pain mediators 
(CGRP, substance P) and inflammatory agents (cytokines) in DRG causing its 
hyperexcitability and leading to peripheral sensitization (PS). In animal studies, 
peripherally injected rimabotulinumtoxinB blocks release of substance P from 
DRG and dorsal horn neurons and reduces dorsal horn neuronal activation 
(c-fos) evoked by formalin injection [57]. Furthermore, local trauma and rup-
tured disc initiate local accumulation of glutamate, a potent pain mediator, which 
also can enhance PS [58]. In the formalin model of pain, pretreatment of rat’s 
paw with local administration of onaA (a week before formalin injection) sig-
nificantly reduces local accumulation of glutamate and local inflammation 
relieving the pain related to formalin application [59]. In human, injection of 
5 units of onaA into the temporalis muscle following introduction of 0.2 cc/1 mol 
of glutamate markedly reduces glutamate-generated pain within hours of admin-
istration [60].

 3. It has been shown that both development of inflammation in DRG and increased 
pain mediators within it are enhanced by extensive sprouting of sympathetic 
fibers into DRG after peripheral nerve injury [16] and sympathectomy or removal 
of sympathetic ganglia can reduce accumulation of inflammatory agents and 
pain mediators in DRG caused by disc protrusion [17]. In this regard, Rand and 
Whaler [61] have shown that peripheral injection of onabotulinumtoxinA impairs 
sympathetic transmission and, hence, has the potential to reduce pain mediators 
and inflammatory agents.

 4. The aforementioned effects of BoNTs can all reduce central sensitization (CS) 
via reducing peripheral sensitization (PS). Moreover, intramuscular administra-
tion of onaA may reduce central sensitization via its suppressing effect on mus-
cle spindle discharge [62]. Muscle spindles are one of the major sources of 
nonnociceptive input to the central nervous system reporting muscle length to 
CNS. In chronic pain disorders with established CS, wide-range function spinal 
cord neurons can perceive nonnociceptive stimuli as nociceptive [63]. Reducing 
the input from muscle spindles can reduce central sensitization.

 5. Reduction of central sensitization in chronic pain disorders can also result from 
the central effect of peripherally injected botulinum toxins as has been suggested 
by recent evidence from a number of animal studies [6].

 6. Relevant to our injection technique [50, 52, 55], it is possible that some of the 
analgesic effects of BoNT-A injections in cLBP result from spreading the rela-
tively high dose of the toxin used in these studies beyond the confines of the 
lumbar erector spinae muscles. A posterior spread would get some of the toxin 
into the space between the posterior margin of the ES muscles and the vertebral 
bodies directly in contact with posterior sensory rami in the lumbar region. A 
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technique recently developed in anesthesiology and called erector spinae block 
introduces anesthetic agents into this space for avoiding perisurgical pain [64]. 
Limited studies have shown the utility of this technique in alleviating chronic 
low back pain [65].

 Comment

Chronic low back pain is a complex disorder with heterogeneous causes and still 
poorly understood pathophysiology. Our two blinded [50, 52] and one open-label 
16-month study [55] have shown the utility of erector spinae injections (at 5 lumbar 
levels) in chronic low back pain. It should be emphasized that the cohorts of these 
studies did not have acute lesions in MRI or history of previous spinal surgery 
(failed back). Although we were worried about possible weakening effects of the 
relatively high doses of onaA and aboA used in these studies, none of the patients in 
the above-mentioned three studies complained of muscle weakness or impaired 
ambulation. This may be due to the size of lumbar erector spinae and participation 
of other muscles and tendons in keeping the stability of spine. Nonetheless, in the 
case of very thin patients, a reduction of the dose is advisable until the safe dose for 
fragile individuals can be established through the results of large multicenter studies.

The Assessment and Guideline subcommittee of the American Academy of 
Neurology in 2008 rated the efficacy of onabotulinumtoxinA for treatment of low 
back, as level C (possibly effective) due to availability of one class II study [50] at 
that time [66]. With the publication of the Yale study [52] (another class II study) in 
2016, the same level of efficacy (possibly effective C level) could be applied to the 
use of abobotulinumtoxinA in chronic low back pain. The study of De Andres et al. 
[51] that failed used a different set of muscles, i.e., iliopsoas and quadratus lumbo-
rum rather than erector spinae. In the study of Cogne et al. [53] which used the same 
technique of our successful studies [50, 52, 55], failure to reach statistical signifi-
cance, as the authors commented was most likely due to using a considerably lower 
toxin dose (approximately half of what was used).

In view of this author, it is now time to conduct a large multicenter study of 
chronic low back pain using the dose and design of the already successful reported 
methodology (injection into erector spinae with relatively high doses of BoNT-A) 
[50, 52]. Such a study, because of the size of the study cohort, could define the effi-
cacy of BoNT injection into ES in different etiological subgroups of patients with 
chronic low back pain.
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Chapter 7
Botulinum Toxin Treatment of Plantar 
Fasciitis (Plantar Fasciopathy)

 Introduction

Plantar fasciitis (PF), also referred to as plantar fasciopathy, is a major cause of heel 
pain in runners and individuals whose job requires heavy footwork. Although, for 
years, inflammation of the plantar fascia was thought to be the main culprit, many 
investigators currently favor microtears in the plantar fascia resulting from repeated 
trauma and degeneration as the main cause of PF [1]. In the United States, approxi-
mately two million people are treated for PF annually [2]. In 2007, the annual finan-
cial burden from PF to the US economy was estimated as 192 to 376 million dollars 
[3]. It is believed that 10% of runners demonstrate symptoms of PF during their 
lifetime [4].

During the acute phase, conventional treatments are often effective. Many 
patients improve spontaneously after months of discomfort. In approximately 10% 
of the patients, PF may progress into a chronic form with refractory pain, challeng-
ing physicians [5].

The clinical spectrum and treatment options for PF have been presented in detail 
in recent reviews of the subject [1, 6, 7]. Pain in PF usually affects the medial side 
of the heel at the insertion area of plantar fascia (Fig. 7.1).

Some patients may experience pain at the middle of the foot (middle of the cen-
tral band of the fascia), while in others, the pain may spread to the entire foot includ-
ing the toes. The pain is most noticeable during the initial steps of walking or 
running. It is usually enhanced by long periods of inactivity preceding activity; 
weight-bearing also worsens the pain. In the chronic form (symptoms lasting 
beyond 6 months), calcaneal pain may be experienced at rest and prevent sleep. 
One-third of the patients complain of bilateral pain.

On examination, the foot looks normal and no weakness is detectable, but 
approximately 80% of the patients experience associated tightness of the Achilles 
tendon [8]. In some patients, the skin over the medial calcaneal tuberosity is tender 
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and this tenderness is exaggerated on dorsiflexion of the toes or when standing on 
tiptoe [9].

 Anatomy of Plantar Fascia

Stecco et al. [10] studied the anatomy of the foot in 11 cadavers (mean age 72; 6 
males and 5 females) focusing on the plantar fascia and its relationship to the 
Achilles tendon and adjacent muscles. Serial transverse sections were obtained 
every 2 cm from the cutis to the interosseous muscles in order to microscopically 
examine the relationships between the PF, skin, and muscles. Beneath the skin and 
the underlying fat pad of the foot, PF appears as a glistening, pearl-colored structure 
extending from the calcaneus to the metatarsopharyngeal (MP) joints. The length of 
PF is approximately 12 cm from the medial tuberculum to the MP joint. The thick-
ness of PF diminishes significantly as it extends toward the MP joints. At 2 cm from 
the insertion of the calcaneus, PF is 3.15 mm thick at its center and 1.56 mm later-
ally. At 10 cm from the insertion point, PF’s thickness is 1.41 mm at its center and 
0.66 mm laterally.

Most PF fibers are arranged longitudinally, but some fibers are oblique and a few 
are transverse; the fibers close to the proximal and distal insertions may have trans-
verse arrangement. PF is arranged into three longitudinal fiber groups: medial, cen-
tral, and lateral (Fig. 7.2a, b).

At the heel, PF fibers are attached to the medial part of the calcaneum (medial 
tuberculum), cover the heel as a thin layer, and continue into the Achilles tendon. 
Beneath PF are the deep fascia of the foot which embed three major foot muscles, 
the flexor halluces, the flexor digitorum brevis, and the flexor digiti minimi. Septae 
from PF penetrate the deep fascia and connect at different points with all three 
muscles.

Fig. 7.1 Location of maximum pain in plantar fasciitis. (Drawing courtesy of Tahere Mousavi, MD)
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Close to the metacarpophalangeal joints, PF divides into five segments each 
attaching to a metacarpophalangeal joint. The fibers of PF are rich in collagen type1, 
but also contain hyaluronan which helps PF fibers to easily glide and work like a 
shock absorber. Plantar fascia is innervated by the terminal branches of the tibial 
nerve, medial calcaneal, medial and lateral tibial nerves. Plantar fascia is well inner-
vated specially in its medial and lateral parts; it contains an abundance of Pacinian 
and Ruffinian corpuscles suggesting a role for it in the sole’s proprioception [10].

 Pathophysiology of Plantar Fasciitis

The plantar fascia serves both static and a dynamic purpose. The static function 
deals with weight-bearing; it supports the arch of the foot. The fascia contracts and 
elongates during walking allowing the medial arch to flatten and elevate—the so- 
called wind glass phenomenon (dynamic phase).

Despite the fact that PF is a clinically well recognized, the details of its patho-
physiology remain elusive. Most recent data indicate that pathological changes are 
more in the form of degeneration (fasciopathy) rather than inflammation (fasciitis) 
of the fascia, although some elements of the latter are also present. Repetitive 
trauma to the fascia invariably is a major contributing factor to PF; PF is more 

Fig. 7.2 (a) Plantar fascia; (b) Muscles under the fascia. FDB: flexor digitorum brevis, AH: 
adductor hallucis, ADM: abductor digiti minimi. (Drawing, courtesy Tahere Mousavi, MD)
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common among overweight individuals. Heel spurs are also common in association 
with plantar fasciitis suggesting a relation to PF’s pathophysiology.

The role of triceps surae muscles in the pathophysiology of PF is increasingly 
recognized. Contraction of plantar flexor muscles and loss of flexibility of these 
muscles have been proposed as risk factors for the development of plantar fasciitis 
[11, 12]. Radiologically, a plantar fascia of thickness of 4 mm or more correlates 
with clinically active PF. In the study of Stecco et al. [10], 5 of 27 patients with 
Achilles tendonitis had a plantar fascia thickness of 4.5 mm or more versus none of 
those in whom radiological data did not support the presence of Achilles tendon-
itis and PF.

 Treatment of Plantar Fasciitis

Treatment of plantar fasciitis consists of nonpharmacological and pharmacological 
approaches. Surgical intervention is reserved for recalcitrant PF.

In this section, the information on treatment of plantar fasciopathy/fasciitis, for 
the most part, is derived from Berbyer and Fredericson’s recent review [6]. The 
authors have described treatment approaches in acute (less than 3 months duration), 
subacute (3–6 months of duration), and chronic >6 months duration) phases of plan-
tar fasciitis. Following the presentation of conventional treatment of plantar fasci-
itis, a review of the literature on BoNT treatment of plantar fasciitis will be provided 
using the level of evidence and efficacy (A, B, C, and U) according to the guidelines 
of the American Academy of Neurology (Appendices 3-1 and 3-2).

Acute Phase: The recommended treatment in this stage consists of stretching exer-
cises, foot orthosis, soft-tissue trigger point manual therapy, calcaneal taping, 
iontophoresis, and treatment with nonsteroidal, anti-inflammatory agents 
(NSAID).

Stretching Exercises: Three randomized trials are available with different types of 
stretching exercises employed in the studies: Achilles stretching and stretching 
of plantar fascia that can be performed with either weight-bearing or nonweight- 
bearing and intermittent versus sustained. Stretching is usually performed sev-
eral times daily and provides 2 to 4 months of relief in the acute phase. The 
review concluded that stretching is effective in reducing pain and improving 
function in the acute phase. In a recent double-blind, comparator study [13], 
plantar stretching was found superior to hot water fomentation, silicon heel pad, 
and calf stretching in the management of acute plantar fasciitis.

Foot Orthosis: Foot orthosis is commonly used in patients with PF. Both over-the- 
counter and customized orthotics can be used. In a multicenter study of 236 
patients, foot orthosis (prefabricated) plus stretching was found to be superior to 
stretching alone (P = 0.022) [14]. Foot orthosis can be used in all stages of PF.

Soft Tissue Trigger Point Manual Therapy: Retrospective studies suggest temporary 
reduction of pain in the acute phase using soft tissue trigger point manual therapy.
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Iontophoresis: Two double-blind, placebo-controlled studies are available. In the 
first study of 40 feet from 31 patients, dexamethasone iontophoresis was found 
superior to placebo and relieved pain for 2 weeks; no long-term benefits were 
noted, however [15]. In the second study [16], 43 ft from 31 subjects were stud-
ied in three groups: (1) iontophoresis with 0.5% acetic acid, (2) with 4% dexa-
methasone, and (3) with placebo. The investigators found acetic acid to be more 
effective than steroid iontophoresis and relieved pain for a duration of 2 to 
4 weeks.

Calcaneal Taping: This approach was shown to be effective in reducing pain in two 
prospective blinded studies [17, 18]. This is, however, a very short-term remedy 
due to skin breakdown that develops after prolonged taping.

Nonsteroidal Anti-inflammatory Drugs (NSAID): Only one double-blind, placebo- 
controlled study is available pertaining to the use of NSAIDs in PF. Donely et al. 
[19] studied 29 patients with PF. All patients were using a heel cord stretcher and 
night splints. NSAID was added to their ongoing treatment. Adding NSAID to 
the treatment regimen improved the patients’ pain modestly.

Subacute Stage: Steroid therapy and acupuncture are both considered options for 
this stage. Placebo-controlled studies are scarce, however.

Steroid Therapy: Mc Millan et al. [20] showed the efficacy of ultrasound-guided 
dexamethasone over placebo at 4 weeks after treatment (P = 0.03). Several open 
studies also showed a short-term pain relief from prednisone in PF. A major issue 
with steroid therapy is rupture of the plantar fascia that occurs in 10% of the 
patients following injection.

Acupuncture: Zhang et al. [21] studied two groups of subjects (28 in each) blindly 
with two different techniques of acupuncture (one used as control). One group 
received acupuncture in acupoint pc7, a location known to affect heel pain. For 
the second group, acupoint Hegu that has some pain properties was used. The 
primary outcome was perception of significantly lower heel pain at 1 month post 
acupuncture. A second study [22] compared acupuncture with NSAID treatment 
and primary outcomes were measured at 1 and 2 months. Neither study met their 
primary end point, but both showed considerably more reduction of pain in the 
acupuncture group.

Chronic Phase: Treatment options for the chronic phase include night splint, extra-
corporeal shock wave treatment, intracorporeal shock wave treatment, cryosur-
gery, percutaneous needle fasciotomy, plasma-rich platelet, and botulinum toxin 
therapy.

Night Splint: Night splint may be helpful in patients who suffer most of their heel 
pains in the morning. EZ step night splint in combination with NSAID helped 
85% of the patients in one study of PF [23].

Shock Wave Treatment: A recent meta-analysis of 11 extracorporeal shock wave 
treatment studies (ESWT) in plantar fasciitis (four randomized and controlled) 
showed that this technique can alleviate pain and improve foot function in 
patients affected by PF [24]. One of the four controlled studies showed signifi-
cant pain reduction at 12 months post treatment. High-energy ESWT requires 
nerve block since it is very painful. Intracorporeal shock wave treatment (ISWT) 
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is a more recent methodology where shock waves are applied directly to calca-
neal spur under fluoroscopy. Dogremati et al. [25] assessed the efficacy of ESCT 
in 50 patients with PF in a blinded, placebo-controlled study. Excellent and good 
results were significantly higher in the ISWT group compared to the placebo 
group (92% vs. 24% P = 0.02). Complications with ISWT consisted of hema-
toma, infection, and fascial rupture.

Platelet-Rich Plasma (PRP): This therapeutic approach aims to reduce degeneration 
and promote healing by local introduction of platelet-rich plasma, which con-
tains an abundance of cytokines. A meta-analysis of 13 clinical trials demon-
strated that PRP therapy was superior to placebo, but provided comparable 
efficacy to corticosteroid injections in plantar fasciitis [26]. However, in a 
recently reported double-blind study comparing the effect of PRP with cortico-
steroid injections, PRP therapy was more effective than steroid injections in 
relieving pain of 114 patients who were followed for a period of 1 year [27]. In a 
randomized study, Haddad et al. [28] compared the results of PRP therapy with 
extracorporeal shock wave (ECSW) therapy in 104 patients with chronic plantar 
fasciitis. Patients’ pain was measured by VAS at 2, 4, 6, 12, 16, and 24 months. 
Both modes of treatment reduced pain, but PRP demonstrated better analge-
sic effect.

Cryosurgery: This is a minimally invasive, percutaneous, technique which uses the 
tip of a cryoscope to freeze and destroy intracellular elements of the nerve in PF 
without destroying epineurium and soft tissue or forming neuromas. No blinded 
studies are available. One prospective study of 59 patients [29] demonstrated 
significant improvement in heel pain (P  <  0.0001) in 90% of the patients, at 
1 year postprocedure. The major side effect was the appearance of pain in other 
foot regions which resolved in 3 to 4 weeks. However, in a recent study that 
compared the results of cryosurgery with endoscopic plantar fascia release sur-
gery in chronic PF, the latter produced better results over 1 year of follow-up [30].

Dry Needling: In 2014, dry needling was introduced as an alternative treatment to 
the more aggressive treatments of patients with plantar fasciitis [31]. In this par-
ticipant blinded (single-blinded) controlled study, dry needling was compared 
with sham dry needling in 84 patients who had PF for a duration of more than 
1 month. At 6 weeks, dry needling provided significant reduction of heel pain 
(measured by VAS) compared with sham dry needling. A recent meta-analysis of 
six clinical trials found moderate to low evidence that trigger point (TrP) dry 
needling improves heel pain intensity and pain-related disability in patients with 
plantar heel pain [32]. In another study, a combination of dry needling and ESWT 
was found to be more effective in alleviating pain in PF than either approach 
alone [33].

Prolotherapy with Dextrose Injection: In a double-blind, placebo-controlled study, 
Basak and coworkers evaluated the effect of local dextrose injection on pain of 
patients with plantar fasciitis [34]. Sixty-nine patients were randomized into two 
groups. Group one received 5 cc of 30% dextrose in 4 cc of saline (0.9% NaCl) 
and 1 cc of 2% lidocaine combined, whereas group two (control) received 9 cc 
of saline and 1 cc of 2% lidocaine combined. Five injection sites were chosen: 1 
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and 2, where plantar fascia attaches to the first and fifth metatarsal points, and 3, 
4, and 5, where plantar fascia attaches to the heel (medial, lateral, and midpoint 
of the plantar fascia). Injections were performed twice at three-week intervals. 
Improvements were measured at seventh and 15th weeks after initiation of injec-
tions using visual analog scale (VAS), foot function index, and reduction in plan-
tar fascia thickness and were found to be significantly higher in the dextrose 
injected group compared to the control group (P < 0.001). Injection of dextrose 
is believed to lead to increase in growth factors (platelet and connective tissue 
derived and epithelial) and accumulation of cytokines local tissue promoting tis-
sue regeneration.

In conclusion, treatment of chronic plantar fasciitis is difficult. Treatment with 
steroid injections, extracorporeal shock wave, and dry needling is only partially 
effective and the results are often short-lived. Side effects associated with such 
approaches include plantar fascia rupture (with steroid injections) and pain of the 
procedure itself (with extracorporeal shock wave therapy), leaving the door open for 
novel treatment with easier and safer therapeutic approaches.

 BoNT Treatment of Plantar Fasciitis

Four blinded, placebo-controlled studies have been published on this subject 
(Table 7.1) [35–38]. The first placebo-controlled, blinded investigation on the effi-
cacy of BoNTs in plantar fasciitis was conducted by the author’s group at the Walter 
Reed Army Medical Center (WRAMC) in 2005 [35]. In this study, the efficacy of 
onabotulinumtoxinA was investigated in 27 patients (a total of 43 ft) with chronic 
plantar fasciitis. All patients had chronic PF with the duration of their symptoms 
exceeding 6 months. The subjects were recruited from the Departments of Neurology 
and Physical Medicine at WRAMC. Those with pending litigation, secondary gain 
and those who were on narcotic agents were excluded from the study. 
OnabotulinumtoxinA was used for the study at a dilution of 100 units/cc. The toxin 
was introduced into the foot using a ¾ inch needle at two points. The first point, the 
tender area in the medial aspect of the heel near the calcaneal tuberosity, received 
40 units. The second point, between posterior line of the heel and middle of the foot, 
received 30 units. The total dose of onaA per foot was 70 units (Fig. 7.3). Controls 
received the same volume of normal saline solution at the same sites. Patients with 
bilateral symptoms received an injection of onabotulinumtoxinA in one foot and an 
injection of saline solution in the contralateral foot. Patients pain response and 
improvement of foot function was measured by Visual Analog Scale (VAS), 
Maryland Foot Score (MFS) and Pressure Algometry response at 3 and at 8 weeks 
after injection. The primary outcome was improvement of the visual analog scale 
for pain. The study revealed statistically significant changes in the treatment group. 
Compared with placebo injections, the botulinum toxin A group improved in all 
measures: Visual Analog Scale (P < 0.005), Maryland Foot Score (P = 0.001), and 
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the pressure algometry response (P = 0.003). No serious side effects were noted by 
either the patients or the physicians.

In the same year, Placzek et al. [39] reported on the effects of a single injection 
of botulinum toxin A in an open label study of 9 patients. All patients had PF and 
had failed at least two of the following four treatments: physical therapy,  custom/

Table 7.1 Blinded and placebo-controlled studies assessing the efficacy of botulinum neurotoxins 
in plantar fasciitis

Authors 
and year

Type 
of 
study

# 
Pts

Type of 
toxin

Dose/units; 
mode of 
injection Measures Outcome Results

Babcock 
et al. 
(2005) 
[35]

DB, 
PC, 
PD, 
class 
II

34 onaA 70 u, two 
injectionsa

Vas, MFS, 
PA

VAS at 
3 weeks and 
8 weeks

All three 
measures 
improved

40 u and 30 u VAS: P = 0.005
MFS: P = 0.001
PA: P = 0.003

Huang 
et al. 
(2010) 
[36]

DB, 
PC, 
PD, 
class 
II

50 onaA 50 u, single 
injection into 
PF, posterior 
approach 
below 
calcaneum

VAS and PF 
thickness on 
sonography

VAS and 
Plantar 
fascia 
thickness at 
3 weeks and 
3 months

VAS improved 
and plantar 
fascia thickness 
was reduced 
(P < 0.001)

Ahmed 
et al. 
(2017) 
[37]

DB, 
PC, 
PD, 
class 
II

50 incoA 100 u, Single 
injection into 
plantar fascia 
where it was 
most tender 
at medial 
calcaneus

Vas, FAAM VAS and 
FAAM at 
6 months 
and 
12 months

VAS and FAAM 
improved 
significantly at 6 
and 12 months 
(P < 0.01)

Abbasian 
et al. 
(2020) 
[38]

SB, 
PC, 
PD, 
class 
III

32 BoNT-A 70 u, single 
injection into 
the Proximal 
third of 
medial head 
of GC

VAS, 
AOFAS

VAS and 
AOFAS 
score at 1, 
3, 6, and 
12 months

Mean VAS 
reduced at 1, 3, 
6, and 12 months 
(P < 0.001). 
AOFAS score 
increased in 
toxin group at 1, 
3, 6, and 
12 months 
(P < 0.01).
Patient 
satisfaction 
increased at 
12 months

DB double-blind, PC placebo-controlled, PD Parallel design, onaA onabotulinumtoxinA (Botox), 
VAS Visual Analog Scale, MFS Maryland Foot Score, PA pressure algometry, GC Gastrocnemius, 
AOFAS American Orthopaedic Foot & Ankle Society, FAAM Foot and Ankle Ability Measure
aSites of injection: 40 units into the tender area at the medial aspect of the heel near calcaneal 
tuberosity and 30 u into the plantar fascia, between the anterior border of calcaneus and middle of 
the foot
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prefabricated orthotics, acupuncture, and extracorporeal shock therapy. A total dose 
of 200 units of aboA was injected subfascially in four directions through one punc-
ture introduced at the origin of the plantar fascia. The authors reported that this 
single injection significantly reduced VAS pain scores from 2 weeks after injection 
to week 52 (week 2 to 39: P = 0.01; week 52: P = 0.04).

Huang et al. [36] conducted the second randomized, double-blind study on 50 
patients with chronic unilateral plantar fasciitis. Patients received either 50 units of 
onabotulinumtoxinA or a comparable volume of saline under ultrasonographic 
guidance. Outcome measures were changes in VAS (pain), gait assessment (the 
maximal center of pressure velocity during the first-step loading response), as well 
as measured changes in the thickness of the plantar fascia and the fat pad. These 
assessments were made at baseline, 3 weeks and 3 months after the injection.

At 3 weeks and 3 months, both VAS score and plantar fascial thickness (mea-
sured by sonography) decreased significantly (P < 0.001) in the symptomatic foot. 
Injection of OnaA caused no footpad atrophy. No side effects were noted. The 
authors concluded that botulinum toxin A was safe and effective for treatment of 
chronic plantar fasciitis, but recognized a need for long-term studies.

In another randomized, blinded study, Ahmed et al. [37] assessed the efficacy of 
a single injection of 50 units of incobotulinumtoxinA in 50 patients with plantar 
fasciitis. The injection was performed into plantar fascia where it was most tender 
at medial calcaneus. They reported significant improvement (P < 0.01) of VAS and 
Foot and Ankle Ability Measure (FAAM) at 6 months and at 12 months after the 
toxin injection.

Recently, a single-blind study reported on the injection of BoNT-A into the prox-
imal third of medial head of the gastrocnemius muscle in 32 patients with plantar 
fasciitis [38]. The toxin was introduced by a single injection (70 units) into this area. 
The effect on pain was evaluated by VAS and by the American Orthopedic Foot and 

Fig. 7.3 Site of injections recommended by Babcock et  al. [35] for BoNT treatment of 
PF. (Drawing, courtesy of Tahere Mousavi, MD)
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Ankle Society score (AOFAS). The rational for injecting into proximal gastrocne-
mius muscle was previous reports that in PF, triceps surae (soleus and gastrocne-
mius) demonstrate significantly increased tone [40] and, that surgical resection of 
proximal medical head of gastrocnemius muscle can relive pain of PF [41]. At 
12-month follow-up, the mean VAS in the placebo group decreased from 7.8 to 4 
and from 8 to 0.33 in the BoNT-A group. Furthermore, the mean AOFAS scores 
increased from 48.4 to 65.3  in the placebo group and from 45.5 to 90.6  in the 
BoNT-A group. The postinjection scores in the BoNT-A group were significantly 
higher than those in the placebo group (P < 0.001).

 Case Report

A 73-year-old gentleman, an avid tennis player, noted discomfort at the bottom of 
his feet approximately 8 years ago. The discomfort was particularly noticeable after 
playing a few games of tennis; over months, the discomfort gradually developed 
into pain. The pain localized to the heels and around the medial part of both feet, 
often interrupting his game of tennis.

Over the years, the patient tried a variety of pharmacological and nonpharmaco-
logical measures for management of his heel pain. Stretching, orthosis, and night 
splints offered little help. Nonsteroidal anti-inflammatory drugs had minimal effect. 
A couple of sessions of acupuncture “helped some,” but the effect lasted only a few 
days. Treatment with steroids did not help. Following an internet search and coming 
across BoNT literature for plantar fasciitis, the patient decided to visit the Yale 
Botulinum Toxin Clinic for an evaluation.

The neurological examination including cognition, cranial nerves, sensory, 
motor and cerebellar functions, speech, and gait was normal. He rated his pain dur-
ing “bad days” as 8 out of 10 on VAS. He pointed to the regions of pain in his feet 
that mainly involved the heels, but also extended to the center of the feet bilaterally. 
Following an assessment of pain distribution, onabotulinumtoxinA was injected 
into both feet using the methodology of Babcock et al. [36]. A total of 70 units was 
injected (40 and 30 units at two points, Fig. 7.3). Within days, the patient reported 
significant improvement of his heel pain; the pain relief lasted for 7 months. The 
second treatment with the same dose also produced pain relief for 7 to 8 months. For 
the third treatment, since emerging literature had suggested that tense triceps surae 
shows increased tone and may possibly contribute to the magnitude of pain in PF, 
an additional 30 units were injected into the soleus muscle. The patient came for his 
fourth treatment 9 months later and reported a longer period of relief and was very 
satisfied with the onaA treatment. He reported no side effects.
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 Comparator Studies

Three blinded studies have compared the effect of BoNT injection with steroid 
injection in patients with plantar fasciitis [42–44]. Díaz-Llopis et  al. [42], in a 
single- blind study, compared the effect of BoNT and a mixture of corticosteroid 
with a local anesthetic agent in 28 patients. All patients had chronic plantar fasciitis. 
In the botulinum toxin group, the authors injected onabotulinumtoxinA into the 
plantar fascia using the same methodology and dose as described above by Bobcock 
and her coworkers [36]. In the other group, the patients were injected with beta-
methasone plus 0.5 ml of 1% mepivacaine. A number of different measures were 
used to evaluate the changes in pain and function in response to the two therapeutic 
approaches. At 1 month, both treatments improved all measures significantly, but 
onaA relieved pain more than betamethasone (P = 0.06). Improvement of different 
measures with onaA vs. betamethasone were recorded and showed significant 
improvement in the onaA group; the measures assessed included pain (P = 0.001), 
function (P  <  0.001), footwear (P  =  0.004), and self-perceived foot health 
(P < 0.001). At 6 months, the above values continued to improve further in the onaA 
group, while most of the improved values faded in the betamethasone group. The 
authors concluded that onabotulinumtoxinA is more effective in improving heel 
pain and foot function in patients with plantar fasciitis; the authors noted that 
improvements after onaA injection lasted longer than that observed with injection 
of betamethasone. In a subsequent open label study of 24 patients from this study 
who had shown significant response to BoNT-A at 6 months, the authors demon-
strated continued improvement with onabotulinumtoxinA at 12  months [45]. In 
another study (randomized and double-blind), the effect of abobotulinumtoxinA 
and plantar stretching was compared with steroid injection and plantar stretching in 
36 patients with plantar fasciitis (19 received BoNT-A and 17 received steroid) [43]. 
Investigators injected 100 units of toxin into the lateral and 100 units into the medial 
gastrocnemius as well as 50 units into the soleus muscle. The steroid (dexametha-
sone isonicotinate, 8 mg) was mixed with 2% lidocaine and injected into the medial 
surface of the foot just superior to the plantar fascia. Patients’ level of pain was 
assessed by VAS and foot function by Maryland Foot and Ankle Score (MFAS) as 
well as American Orthopaedic Foot and Ankle Score (AOFAS). On 6 successive 
evaluations, weeks apart, the group that received BoNT-A demonstrated more 
improvement of VAS, MFAS, and AOFAS scores compared to the group that 
received dexamethasone and lidocaine (P values varying from 0.02 to 0.0001).

In a subsequent, randomized, double-blind study [44], the same group of inves-
tigators, using a different method of injection, compared the effect of various agents: 
anesthetic ropivacaine compared with abobotulinumtoxinA and betamethasone in 
three different groups. Clinical outcomes were measured by VAS for pain and by 
MFAS for pain and function, as well as the measurement of plantar fascia thickness 
by ultrasound. Patients were evaluated at baseline and at 2, 4, 12, and 24 weeks after 
injections. Under ultrasound guidance, the test agent was introduced by a single 
injection at the maximum tenderness point; the needle was placed subfascially near 
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the insertion of the plantar fascia in a fan-shaped manner. The dose of the three 
tested agents was as follows: abobotulinumtoxinA, 200  units, ropivacaine, 5  cc 
(7.5 mg/cc), betamethasone sodium phosphate, and betamethasone acetate equiva-
lent of 3 mg and 2.71 mg of betamethasone, respectively. In regard to all evaluated 
outcomes, patients of all three groups improved after injections. There was no sig-
nificant difference between the three groups statistically. The pain relief and func-
tional improvements from the three different treatments were maintained during the 
6 months of follow-up. BoNT-A and betamethasone injections reduced the thick-
ness of plantar fascia significantly during the latter weeks of the study, whereas 
ropivacaine did not.

 How Does BoNT Injections Improve Pain in Plantar Fasciitis?

BoNT injections may relieve pain in plantar fasciitis via several mechanisms includ-
ing their effect on pain fibers, muscles, plantar fascia itself as well as via an anti- 
inflammatory effect:

 – Several animal studies have shown that BoNT-A inhibits the release of major 
pain mediators such as calcitonin-gene-related peptide, substance P and glu-
tamate from peripheral terminals and/or sensory neurons [46–49]. The type 
B toxin also inhibits the release of substance P from dorsal root ganglion 
neurons and the sensory neurons of the spinal cord [50, 51]. Furthermore, 
there is also evidence that, at least, part of the analgesic effects of BoNT-A is 
exerted through central mechanisms either through retrograde transfer of the 
toxin to central neural stations or through other unknown mechanisms [52, 
53]. OnabotulinumtoxinA is now approved by FDA and European regulatory 
committees for treatment of chronic migraine. Also, published controlled 
studies have provided compelling evidence for the efficacy of BoNTs in sev-
eral other pain disorders such as trigeminal, postherpetic and posttraumatic 
neuralgias [54, 55].

 – The injected toxin most likely reaches the tense muscles which are located under 
a thickened and stiff plantar fascia. Relaxation (and reversible atrophy) of these 
muscles (flexor digitorum brevis and flexor pollicis brevis) via the anticholiner-
gic effects of BoNTs can reduce fascial tension and resultant pain. It is possible 
that injection close to the medial heel might also influence and relax the distal 
part of the soleus muscle. As discussed above, it is believed that increased tone 
of the triceps surae (soleus and gastrocnemius muscles) is often associated with 
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plantar fasciitis. In one study, authors have shown that injection of BoNT into 
only the proximal medial gastrocnemius muscle can relieve the pain and discom-
fort of plantar fasciitis [38].

 – Reduced thickness of plantar fascia, observed in double-blind and comparative 
studies, after injection of BoNT-A can contribute to the analgesic effect of the 
toxin [44].

 – Although current literature downplays inflammation as the cause of plantar fas-
ciitis, chronic pain conditions are often associated with some degrees of local 
inflammation. Intramuscular injection of botulinum toxin-A has been shown to 
reduce local inflammatory changes in the tissue based on BoNT-A injection in 
animal models of local pain [56].

 Conclusion

Plantar fasciitis affects a large number of individuals (two million in the United 
States) and, in its chronic form, is a disabling condition. Current effective treat-
ments for the chronic form of PF such as steroid injections and extracorporeal shock 
therapy often cause temporary relief, are hard to tolerate and can have undesirable 
side effects (plantar tearing in case of steroids). Botulinum toxin injections provide 
an alternative treatment that is easy to employ, well tolerated and in controlled and 
open label studies of over 300 patients has caused no serious side effects. In the 
blinded studies cited above (Table 7.1), the efficacy of BoNT injections in PF has 
been strongly suggested via employment of two different techniques. Using the 
efficacy criteria of the guidance and development subcommittee of the American 
Academy of Neurology [51, 52], the efficacy level for the injection into the plantar 
fascia and medial aspect of the heel [35, 36, 39] qualifies as B (probably effective) 
based on two class II studies [35, 36]. For the technique of gastrocnemius injection, 
the level of efficacy is currently C (possibly effective) based on one class II study 
[37]. The author, who had designed the technique of the original study (B Jabbari) 
[35], later used a modification of that technique during his 11-year tenure 
(2004–2015) at Yale University as director of the botulinum toxin treatment pro-
gram. He noticed better results in several patients with PF when bilateral soleus 
injections (in the case of onaA, 20 units on each side injected into two sites, each 
10 units) (Fig. 7.4) were added to the original protocol that injected the plantar fas-
cia and medial heel only.

It should be noted that, so far, all controlled and blinded studies of botulinum 
toxin in plantar fasciitis have been conducted in small numbers of patients. 
Multicenter studies in large cohorts are needed to verify the efficacy of BoNT treat-
ment in improving pain and foot function in chronic plantar fasciitis.

Conclusion
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Chapter 8
Botulinum Toxin Treatment of Myofascial 
Pain Syndrome and Fibromyalgia

 Introduction

Myofascial pain syndrome (MFPS) is a common pain disorder and a major source 
of work interruption and disability. Up to 85% of people experience myofascial pain 
sometimes during their lifetime [1]. It is characterized by focal muscle pain felt 
spontaneously or evoked by pressure against trigger points. Trigger points (TrPs) 
include tight muscle bands (taut band) with sensitivity to touch, both to induce pain 
(local or referred) and/or induce muscle twitch response. Trigger points can be 
active or latent (inactive). Active trigger points induce spontaneous pain as well as 
pain after being pressed, whereas latent TrPs may generate pain only when they are 
pressed upon. Latent TrPs can be activated by prolonged exercise, low-load repeti-
tive muscle activity, persistent stress, and prolonged ischemia of the muscle [2].

The criteria set by Simons in 1999 for definition of trigger points [3] is generally 
accepted and currently used by many in clinical practice (Table 8.1).

These criteria have been studied and have shown good interexaminer reproduc-
ibility and reliability [4].

Myofascial pain syndrome is reported with a variable prevalence of 30–93%; it 
has a peak age at presentation between ages 30 and 50 years. Myofascial pain syn-
drome is more common among women and in individuals with decreased motor 
activity [5–7].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99650-5_8&domain=pdf
https://doi.org/10.1007/978-3-030-99650-5_8
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 Anatomy and Pathophysiology of Myofascial Pain 
Syndrome (MFPS)

The muscles of patients with MPS demonstrate trigger points. The trigger points, 
often multiple, consist of hypersensitive indurated muscle fibers called “taut bands.” 
Taut bands show increased number of spontaneous, small amplitude, on-going end-
plate potential discharges at rest indicating rich acetylcholine content [8]. Increased 
level of acetylcholine in these muscle bands makes them sensitive to touch and 
elicits the “twitch response” [9].

Exactly how trigger points develop in the muscles of patients with MFPS is 
unclear. The integral theory of Simons [3] proposes ischemic/metabolic derange-
ment of the muscle and local failure of energy. Hypoperfused muscle develops areas 
of low pH that inhibit acetylcholine esterase and lead to local accumulation of ace-
tylcholine [10].

Development of trigger points in the muscle causes spontaneous or pressure- 
induced local muscle pain and referred pain. Pain may be partly related to low pH, 
increased local accumulation of protons (H+), and acid-sensing channels in the 
extracellular fluid of trigger points affecting terminal nerve endings.

Shah et al. [11, 12] investigated the mechanism of pain induction in MFPS. They 
have shown increased levels of pain mediators, such as substance P and CGRP, as 
well as increased inflammatory mediators such as cytokines in both active and latent 
trigger points (less in latent). Local accumulation of pain mediators and inflamma-
tory elements leads to peripheral sensitization of nerve endings and dorsal root gan-
glia. Continued peripheral sensitization causes central sensitization of spinal cord 
neurons leading to pain chronicity [13].

Climent et  al. [14] discussed the pathophysiology of trigger points (TrPs) in 
detail in a recent review. Neuroimaging studies have shown that biomechanical 
properties and blood flow of active and latent TrPs are quantifiably distinct from 
those of the healthy tissue [15].

 Treatment

The first description of myofascial pain is credited to Guillaume de Baillou in the 
year 1600 [16]. In 1904, Gowers wrote that accumulation of inflamed connective 
tissue in the affected muscle is responsible for creating painful muscle nodules. 

Table 8.1 Simons’s criteria for identifying trigger points

1. Presence of a palpable taut band in a skeletal muscle
2. Presence of hypersensitive tender spots in the taut bands
3. Local twitch response provoked by snapping of the taut bands
4. Reproduction of the typical referred pain pattern of trigger point in response to compression

8 Botulinum Toxin Treatment of Myofascial Pain Syndrome and Fibromyalgia
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Almost 70 years ago, Travell and Rinzler [17] coined the term “myofascial trigger 
points.” The Delphi study criteria based on an international consensus for diagnosis 
of trigger point requires presence of at least two of the three following: taut band, 
hypersensitive spot, and induction of referred pain when pressure is applied to the 
taut band [18].

Through the years, a number of pharmacological and nonpharmacological 
approaches were employed for treatment of myofascial pain syndrome. 
Unfortunately, majority of the reported studies represent uncontrolled data. 
Nonpharmacological approaches include the following measures:

 – Physical therapy can increase the range of motion and elevate pain threshold, 
including massage, compression, stretching, applying superficial heat (74.5 °C), 
[19–21]. Yoga, meditation, behavioral therapy, and acupuncture relax the muscle 
and raise the pain threshold. Acupuncture has been found to be partially effective 
in a controlled study [22].

 – Superficial heat laser therapy or Nd:YAG laser treatment has been found to 
improve local pain in myofascial pain syndrome [23, 24].

 – Ultrasound (continuous mode 1.25–1.5 w/cm2j) applies mechanical and thermal 
energy to skin and underlying tissue. It can temporarily decrease the pain and 
discomfort of active TrPs [25, 26].

 – Transcutaneous electrical nerve stimulation (TENS) employing pulse duration of 
100–110uS/frequency at 70–80 HZ for 25 minutes has been used with some suc-
cess in patients with MPS [27, 28]. It can improve the spontaneous pain but not 
the pressure-induced pain [29]

 – Dry needling inserts needles directly into the TrPs. It supposedly acts upon cuta-
neous nociceptive delta-A fibers. In two double-blind, placebo-controlled studies 
[30, 31], dry needling of TrPts in myofascial pain syndrome resulted in short- 
term relief (1–4 weeks) of pain and improved performance of daily activities 
(P < 0.0.5). Another open and prospective study found a positive effect of dry 
needling comparable to physical therapy in deactivation of trigger points [32].

As described above, different modalities of nonpharmacological treatment have 
been studied for alleviating pain in myofascial pain. The main limitation of these 
approaches, despite some encouraging results, is the short duration of their analge-
sic effect.

The pharmacological approach for treatment of MPS encompasses a large num-
ber of agents used either alone or more often in combination. These include nonste-
roidal, anti-inflammatory drugs (NSAID), muscle relaxants, antidepressants, and 
antiepileptic analgesic agents. Lidocaine patches have fewer side effects and can 
relieve local pain at TrPTs. Trigger point injections with anesthetic agents and ste-
roids injections are sometimes used in recalcitrant cases. Despite the availability of 
a wide range of treatment modalities for deactivation of trigger points in MPS, it is 
generally believed that current strategies offer only transient pain relief [33, 34]. 
Considering the short duration and side effects of current nonpharmacological and 
pharmacological treatments of MPS, novel therapeutic modalities with acceptable 
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safety profile and infrequent side effects are needed to provide more sustained relief 
and better acceptance by the patients.

 BoNT Treatment of Myofascial Pain Syndrome (MPS)

With increasing recognition of the analgesic effects of BoNTs in human subjects 
[35], there is a high level of interest among clinicians in academic and nonacademic 
settings to explore this mode of therapy for alleviating muscle pain including the 
pain of myofascial pain syndrome. The interest in the analgesic effects of botulinum 
toxins in human pain disorders and myofascial pain, in particular, is reflected in 
several reviews published on this subject recently [36–43].

 Double-Blind, Placebo-Controlled Studies

Cheshire et al.  were first to suggest the efficacy of onabotulinumtoxinA (onaA) in 
myofascial pain syndrome based on a small double-blind, cross-over study [44]. Six 
patients (4 women), 35–50 years of age, participated in and completed the eight- 
week- duration study. Compared to saline, patients who had injections of onaA into 
the trigger points of trapezius and cervical paraspinal muscles showed significant 
(P  <  0.05) reduction of pain (using VAS) and perception of unpleasantness (by 
patient account) at two, four, and eight weeks. The dose of onaA was 50 units 
diluted in 4cc of normal saline, equally divided between two to three sites. Since 
this early observation, 14 more double-blind, placebo-controlled studies have been 
published on the efficacy of BoNT-A in myofascial pain syndrome meeting the 
class I and class II study criteria set forth by the American Academy of Neurology 
[45, 46] [Table 8.2]. Five of these 14 studies meet the class I criteria. The details of 
four of the class I studies with 100 or more patients are presented in this chapter. A 
summary of data from other blinded studies is presented in Table 8.2.

In 2005, Ferrante et al. [57] conducted a double-blind, placebo-controlled, single 
center study on 132 patients with myofascial pain syndrome affecting the cervico- 
thoracic region. Two weeks before treatment, the study subjects were gradually 
taken off their pain medications and were put on a new regimen that included ami-
triptyline (10–75 mg, daily), ibuprophen 800 mg every 6 hours, and propoxyphene/
acetaminophene as a rescue drug. The subjects were randomized into four groups: 
three groups received different doses of onaA and one group received saline. For the 
toxin groups, investigators injected 10, 25, and 50 units up to 5 trigger points. 
Patients with more than five trigger points were excluded from the study. Injections 
were done through a 22 gauge needle. Pain relief and quality of life were assessed 
by VAS, pain algometry (measuring pain threshold), and SF36 health survey as 
quality of life measure at 1, 2, 4, 6, and 12 weeks after injection. The investigators 
found no significant differences between the three toxin groups and placebo in 
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Table 8.2 Randomized data from clinical trials of botulinum toxin treatment in myofascial pain 
syndrome (MFPS). The table only includes double-blind, placebo-controlled, class I, and class 
II studies

Authors 
and year

# 
Pts

Study 
design, 
class Toxin

Dose in 
units

Location 
of 
myofascial 
pain

Outcome 
measures Results

Canales 
et al., 2020 
[47]

100 DB/PC,
Parallel;
Class I

onaA Ona A:
3 groups,
Temporal: 
10,20,25
Massater: 
30,50,75
Group 4: 
Oral 
appliance 
(OA)
Group 5: 
Saline

Temporal
Masseter

Primary: 
VAS: for 
pain;
PPT: 
pressure 
pain 
threshold;
Secondary:
masseter 
thickness in 
ultrasound

All 3 onaA 
groups showed 
significant 
reduction of 
VAS score 
compared to 
saline from day 
7 to the end of 
study. onaA 
and OA had 
same efficacy 
after day 14. 
PPT increased 
in OnaA group 
compared to 
saline and OA 
groups 
(P < 0.01).

Dessie 
et al., 2019 
[48]

60 DB/ PC; 
Parallel;
Class II

onaA 200 units 
of onaA 
versus 
10cc of 
saline

Pelvic 
floor

Pain change 
(on 
palpation)- 
measured 
by VAS at 4 
and 12 
weeks,
GIII: 
measured at 
4 & 12 
weeks

More patients 
in onaA group 
reported pain 
relief and 
satisfaction 
with treatment. 
GIII change 
was significant 
for onaA at 
wk4 (P = 0.03).

Kwanchuay 
et al., 2015 
[49]

33 DB/PC;
Parallel;
Class II

OnaA 20 u of 
onaA and 
saline 
(02cc) 
injected 
into 24 
TrPs

Upper 
trapezius, 
multiple 
TrP 
injections

VAS and 
PPT at 3 
and 6 weeks

-VAS: Both 
onaA and 
placebo 
showed 
significant 
improvement 
from baseline 
at 6 weeks. 
-Increase in 
PPT (compared 
to baseline) 
was only 
significant for 
onaA (0.036).

(continued)
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Table 8.2 (continued)

Authors 
and year

# 
Pts

Study 
design, 
class Toxin

Dose in 
units

Location 
of 
myofascial 
pain

Outcome 
measures Results

Nicol et al., 
2014 [50]

57 Two 
steps:
First, 
open 
label 
114 pts; 
Second, 
DB/PC;
Parallel;
Class I  
in 57 of
Respon- 
ders

BoNT-A
Fixed 
pattern 
with 
variable 
injection 
paradigm

12.5–50 
units per 
muscle, 
total dose 
not 
exceeding 
300 units

Neck and 
shoulder 
muscles

VAS: two 
grades or 
30% pain 
relief;
BPI
SF-36

First injection- 
open label, 
114 pts, 50% 
responded
Second 
injection- (DB/
PC) in 57 
responders.
Two weeks into 
the blinded 
study, VAS 
improved, 
compared to 
baseline 
(P = 0.019);
general activity, 
sleep, 
headaches also 
improved: 
Ps = 0.046, 
0.02, 0.04, 
respectively.

Benecke 
et al., 2011 
[51]

154 DB/PC;
Parallel;
Class I

aboA Fixed dose design-
40u per 
TrPTs,
10 TrPTs 
injected

Neck and 
shoulder

Proportion 
of patients 
with mild 
or no pain 
at wk 5. 
Secondary: 
PGA 
(patient & 
physician), 
pain 
duration

-Duration of 
daily pain 
reduced in wks 
9 and 10 (both 
P = 0.04) but 
not wk 5.
-Patient and 
physician 
global 
assessment 
favored aboA 
at wks 8 & 12.

De Andres 
et al., 2011 
[52]

27 DB/PC;
Parallel;
Class II

OnaA 
was 
injected 
in one 
side, 
saline on 
the other 
side

50 units 
into IP and 
QL 
muscles

Lumbar 
region

VAS,
ADL, 
anxiety, 
depression 
assessment

A trend in VAS 
improvement 
(P = 0.054) on 
the side 
injected by 
onaA.

(continued)
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Table 8.2 (continued)

Authors 
and year

# 
Pts

Study 
design, 
class Toxin

Dose in 
units

Location 
of 
myofascial 
pain

Outcome 
measures Results

Lew et al., 
2008 [53]

29 DB/PC;
Parallel;
II

OnaA 50 units 
per 
injection 
site total 
not > 200

Neck and 
shoulder

VAS: pain
NDI
SF-36: for 
activity of 
daily living 
( ADL)

VAS: improved
at 2 and 4 
months (P < 
0.025)
SF-36 mental 
health: trend at 
months 2 & 4 
wks (P = 0.09) 
in favor of 
onaA.

Gobel 
et al., 2006 
[54]

145 DB/PC;
Parallel;
Class I

AboA 40 units 
into 10 
most 
tender 
trigger 
points

Neck and 
shoulder

Proportion 
of patients 
with mild 
or no pain 
in VAS

At wk 5 post 
injection, 51% 
in aboA group 
and 26% in 
saline group 
reported mild 
or no pain 
(P = 0.002).

Qerama 
et al., 2006 
[55]

30 DB/PC;
Parallel;
class II

onaA 50 
units- 
single 
injection 
into 
infra- 
spinatus

Shoulder/ 
upper back

VAS: pain
measured at 
days 3 
and 28

VAS: No 
difference 
between onaA 
and saline, both 
injections 
showed >30% 
improvement 
compared to 
baseline score.

Ojala et al., 
2006 [56]

31 DB-PC;
Cross- 
over;
class II

onaA 5 units 
into TrPs;
Total 
dose= 
15–35 
units

Neck and 
shoulder

VAS: for 
pain;
PPT

OnaA and 
saline both 
improved neck 
pain and 
PPT. No 
difference 
(statistically) 
between the 
two.

Ferrante 
et al., 2005 
[57]

132 DB-PC;
Parallel;
Class I

onaA 10,25,50 
units into 
TrPTs up 
to 5 TrPT;
Maximum 
dose =250

Cervico- 
thoracic

VAS:pain;
Pain 
algometry;
SF-36; all 
tested over 
12 weeks

No 
improvement 
of myofascial 
pain after onaA 
injection.

(continued)
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regard to VAS scores, pressure algometry, SF-36 values, and the use of rescue drugs. 
However, in all four groups, including the placebo group, patients reported signifi-
cant improvement of their pain (assessed by VAS and pain algometry) and in using 
less rescue medication(s) compared to their baseline values before treatment 
(P < 0.001). Some subsets of SF-36 questionnaire, when compared between toxin 
and placebo group, demonstrated improvements in favor of the toxin group; these 
subsets included role emotional subscale (P < 0.05), vitality (P = 0.053), and social 
functioning (P = 0.057). Three patients in the toxin group developed a transient flu- 
like reaction.

In 2006, Gobel et  al. conducted a well-designed, double-blind, placebo- 
controlled, multicenter study on 145 subjects who had moderate to severe pain 
affecting the neck and shoulder muscles [54]. Injections of saline or aboA (40 units 
per point) were made into the 10 most tender trigger points. The primary outcome 
was the proportion of patients with mild or no pain at week 5 compared to baseline. 

Table 8.2 (continued)

Authors 
and year

# 
Pts

Study 
design, 
class Toxin

Dose in 
units

Location 
of 
myofascial 
pain

Outcome 
measures Results

Wheeler 
et al., 2001 
[58]

50 DB/PC;
Parallel;
Class II

onaA Multiple 
trigger 
points;
Mean total 
dose = 231 
units

Cervico- 
thoracic

Pain; 
algometry; 
PGAP;
SF-36; all
assessed at 
0,4,8,12,16 
weeks

onaA and 
saline 
injections 
improved all 
outcome 
measures 
(except SF-36). 
No difference 
between the 
two treatments.

Freund and 
Schwartz, 
2000 [59]

28 DB/PC;
Parallel;
Class II

onaA Five 
trigger 
points; 
were 
injected 
with 100 
units

Neck and 
shoulder

VAS: pain;
NRM

VAS improved 
two weeks post 
onaA injection 
(P < 0.02). 
NRM improved 
4 weeks after 
onaA injection.

Wheeler 
et al., 1998 
[60]

33 DB/PC;
Parallel;
Class II

onaA Single 
trigger 
point 
either 50 
or 100 
units

Cervico- 
thoracic

Pressure 
algometry,
PGAP,
NPDS

Both onaA and 
saline 
significantly 
improved pain. 
Statistically, no 
difference 
between the 
two treatments.

onaA onabotulinumtoxinA(Botox), aboA AbobotulinumtoxinA(dysport), GIII global impression 
improvement index, BPI Brief pain inventory, NS not significant, NDI neck disability index, PPT 
pressure pain threshold, NRM neck range of motion, PGAP patient global assessment of pain, 
NPDS Neck and pain disability scale, TrPT trigger point, OA oral appliance, ADL activity of 
daily living
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At week 5, significantly more patients in the aboA group reported mild or no pain 
compared to the patients in the placebo group (51% versus 26%; P  =  0.002). 
Compared to placebo, aboA injections resulted in significantly greater change from 
baseline in pain intensity during weeks 5–8 (P < 0.05) and significantly more days 
per week without pain between weeks 5–12 (P = 0.036). The treatment was well 
tolerated. Side effects were mild and were resolved within eight weeks.

Benecke et al. [51] performed a prospective, double-blind, placebo-controlled, 
multi-center study with aboA on 153 patients with neck and shoulder myofascial 
pain syndrome. Patients had moderate to severe pain affecting neck and shoulder 
muscles. Their disease duration was 6–24 months. Their study had the same inclu-
sion and exclusion criteria and same toxin dose criteria (40 units/trigger point, 10 
trigger points injected, a total dose of 400 units) as the study of Gobel et al. [50]. 
However, unlike that study, they used a fixed injection-site design; the injections 
were done into predetermined areas of the muscles; four injection sites (2 injections 
per side) for trapezius muscle, four injection sites (2 per side) for neck paraspinal 
muscles, and two injections for temporalis muscle (1 per side).

The primary outcome of the study was the proportion of patients with no pain or 
mild pain at week 5 post-injection. Secondary outcomes consisted of changes in 
pain intensity and the number of pain-free days per week. At week 5, 49% (37/76) 
of patients in the aboA group and 38% (27/72) of patients in the saline group 
responded to treatment (P = 0.1873). However, duration of daily pain was reduced 
more in the aboA group compared to the placebo group from week 5 post-injection 
demonstrating significant differences in favor of aboA at week 9 and week 10 (P 
value was 0.04 for both weeks). The treatment was well tolerated. No significant 
side effects were reported.

Recently, in another double-blind, placebo-controlled class 1 study [47], the 
effect of onabotulinumtoxinA injection into temporalis and masseter muscles was 
compared with placebo (saline) and oral appliance in 100 patients with myofascial 
pain involving these muscles. Patients were divided into five groups, each contain-
ing 20 individuals. The first three groups received onaA injections with three differ-
ent doses. Patients in the low dose group were injected with 10 units into temporalis 
and 25 units into masseter. Those in the medium dose group received 15 units into 
temporalis and 50 units into masseter, and the individuals in the high dose group 
were given 200 units into temporalis and 75 units into masseter. Group 4 was treated 
with oral appliance and group 5 (placebo group) received normal saline in a volume 
comparable with onaA. Primary outcome measures consisted of VAS for pain and 
pain pressure threshold (PPT). Secondary outcomes included masticatory perfor-
mance and measurement of muscle thickness. When compared to saline, VAS pain 
scores decreased significantly from day 7 to the end of study (week 24) in the three 
onaA groups (P < 0001). Oral appliance did the same thing, but after day 14. In all 
three onaA groups, patient pain threshold increased significantly (P < 0.01) com-
pared to both the placebo and oral appliance groups. A transient decline in mastica-
tory performance (P  <  0.05) and muscle contraction (P  <  0.0001), as well as a 
decrease in muscle thickness (P < 0.05) were found as dose-related adverse effects 
of BoNT-A. Since both low dose and high dose of onaA demonstrated the same 
efficacy, the authors recommended using low dose to avoid side effects.

Double-Blind, Placebo-Controlled Studies
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 Comparator Studies

In a blinded and crossover study, Graboski et al. [61] compared the efficacy of onaA 
injection into trigger points (25 units/point and up to 8 points) with anesthetic bupi-
vacaine (0.5%) and dry needling in 18 patients with MPS. Both modes of therapy 
significantly reduced pain compared to baseline (P = 0.006), but no significant dif-
ference between the two was noted as to the degree of pain control. Dry needling did 
not alleviate pain. The duration of action was also approximately the same (4 weeks) 
for both onaA and the anesthetic agent; there was a trend, however, in favor of onaA 
having a longer duration of effect. Authors found the substantially higher cost of 
BoNT treatment ($500 for onaA vs. $1 for bupovacaine) prohibitive to recommend 
it for routine use in MFPS. These results agree with the observations of Kamanli 
et al. [62] who, in a single blind study, compared the effect of lidocaine with onaA 
and dry needling in 78 patients with MPS. At four weeks, the effects of onaA and 
lidocaine in pain relief were compared, both markedly reduced pain (P < 0.005).

In a recent randomized single blind study [63], the effect of botulinumtoxinA 
injection was compared with acupuncture and saline in 54 patients with temporo-
mandibular myofascial syndrome. The toxin, onabotulinumtoxinA was injected into 
masseter (30 units) and temporalis muscles (10 units). In the acupuncture group, 
patients received four sessions of traditional acupuncture for one month (one ses-
sion per week), each session lasting 20 minutes. The primary outcomes were level 
of pain measured by VAS and pressure pain threshold (PPT). Patients were evalu-
ated once, one month after injections. One month after injection, both onaA and 
acupuncture reduced the pain significantly compared to saline injection (P < 0.01). 
There was no difference between the onaA and acupuncture groups with regard to 
level of pain reduction. Significant improvement of PPT was noted only in botuli-
num toxin group and in both muscles, however (P = 0.001).

 Case Reports

 Patient (8-1): Myofascial Pain Syndrome with Two Trigger 
Points in One Muscle

A 38-year-old gentleman, a busy and successful surgeon, complained of localized 
pain in the left upper back for the past five years. He had a 10-year history of com-
petitive wrestling during his younger years through which he supported his school-
ing. The pain was localized to the left infrascapular region and was both spontaneous 
and exercise-induced. The area was sensitive to touch and upon pressing caused 
referred pain radiation toward the lower part of the scapula. The pain was described 
as aching and deep, but at times also had a burning quality. On examination, two 
trigger points could be identified in the upper subscapular region; pressing upon 
them induced referred pain.

After discussing the possible side effects of BoNT therapy, 20 units of onabotu-
linumtoxinA were injected into each trigger point (Fig. 8.1). Within one week, the 
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patient reported marked reduction of his pain (a change in VAS from 8 to 1). He 
required reinjections every six months that produced the same satisfactory response 
over a follow-up period of three years.

 Patient (8-2): Multiple Trigger Points in Multiple Muscles

A 62-year-old gentleman, a construction worker, developed neck, shoulder, and 
upper back pain gradually increasing in intensity over the past two years. His past 
medical history was significant for an episode of tetanus that followed a foot injury 
12 years ago. He was aggressively treated for tetanus and recovered. For his current 
pain problem, his medications consisted of gabapentin, tramadol, and lidocaine 
patch applied daily. He was not satisfied with the level of pain control, however. The 
muscle pain interfered with his daily activities and kept him up at night. On exami-
nation, there were a number of trigger points scattered within the right trapezius, 
deltoid, splenius capitis, as well as the supra- and infra-scapular muscles identified 
by thumb pressure and induction of referred pain.

OnabotulinumtoxinA was injected into 20 trigger points located in the aforemen-
tioned muscles. The dose per trigger point was 20 units with a total dose of 400 units 
per session. Patient reported significant reduction of pain with a 6 points reduction 
in VAS (baseline VAS of 8–9 changed to 2–3) within two weeks. The patient was 
satisfied with the BoNT therapy that had made his pain bearable. No side effects 
were noted over the six years of treatment with multiple trigger point injections 
every three to four months. Continuous, periodic OnabotulinumA injections 
remained effective over six years.

Fig. 8.1 Points of 
injection in Patient 8-1. 
Each site was injected with 
20 units of 
onabotulinumtoxinA 
(Botox), 40 units total

Case Reports
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 Comment on the Efficacy of BoNT Therapy in Myofascial 
Pain Syndrome

Critically reviewing the data from the five high-quality class I studies on myofascial 
pain syndrome and from comparative studies, I believe that BoNT therapy with 
type A toxin is effective in most patients who suffer from this form of chronic pain. 
The multicenter, flexible design study of Gobel et al. [54], where large areas of the 
muscles were injected (10 trigger points), abobotulinumtoxinA (aboA) was signifi-
cantly more effective than saline in reducing muscle pain at week 5 (the primary 
outcome point of the study). The multicenter study of Benecke et al. [51] with fixed 
injection site design failed to show significant pain relief at week 5 but did show 
significant reduction of pain after aboA injection at weeks 8 and 10. Canales et al. 
[47] demonstrated that onabotulinumtoxinA relieves myofascial pain (assessed by 
VAS) and increases pain threshold of temporomandibular area from day 7 to day 26 
after injection. The study of Ferrante et al. [57] from UCLA failed to show a statis-
tically meaningful difference between onaA and saline injection (although both 
were highly effective) in myofascial pain syndrome. This negative result may have 
two explanations which are not mutually exclusive: (1) authors injected into a small 
area of the muscles with injections limited to 5 or less trigger points. (2) The study 
showed that saline is as effective as onabotulinumtoxinA in treatment of myofascial 
pain syndrome. When both the trial drug and placebo (saline) are highly effective 
and similar in term of effectiveness, the most likely possible conclusion is that the 
study showed a large placebo effect precluding proper assessment of BoNT efficacy 
[64]. This issue has been the case in some other negative class II studies cited in 
Table 8.2 [55, 58, 60]. In a recent study from UCLA [50], authors found botulinum 
toxin injections significantly alleviated pain in MFPS, at the same time improving 
patients’ daily activities, headaches, and depression. They attributed the failure of 
their previous study [57] to their injection pattern that included only a few trig-
ger points.

The dose per trigger point is another factor that can influence the results. While 
most studies used a dose of 20 units of onaA and 40–50 units of aboA per trigger 
point, one failed class II study used only 5 units of onaA per trigger point [56] 
[Table 8.2].

The comparative studies cited above also uniformly showed effectiveness of 
BoNT-A in treatment of myofascial pain syndrome [61–63]. These studies claim 
that anesthetic agents, acupuncture, and laser are as effective as BoNT-A in short- 
term treatment of MPS. Blinded, long-term comparative studies are not available 
which would likely favor BoNT treatment because of its long-term effect.

There is a need for a large multicenter study that is modeled after an already 
published and successful class I multicenter study, such as that of Gobel et al. [54]. 
Positive results from such a study would promote FDA approval of botulinum tox-
inA (aboA) for treatment of myofascial pain syndrome, ultimately offering help to 
a large number of patients affected by this chronic pain disorder.
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 The Mechanism of Action of BoNTs in Myofascial Pain 
Syndrome (MPS)

The reported analgesic effect of BoNTs reported in patients with myofascial pain 
syndrome probably results from different mechanisms working at different levels of 
pain pathways. As described above, under the pathophysiology of MPS, acetylcho-
line is increased locally in the taut muscle bands of the trigger points and its high 
level contributes to hypersensitivity of muscle fibers, muscle twitch, and muscle 
contraction. Botulinum neurotoxins block the release of acetylcholine at the neuro-
muscular junction. The extracellular fluid around the trigger points contains ele-
vated levels of pain mediators (Substance P and CGRP) and inflammatory markers 
such as cytokines [11, 12]. It has been shown, in animal models, that botulinum 
toxins inhibit the release of pain mediators such as Substance P and calcitonin gene- 
related peptide at peripheral and spinal cord levels [66, 67]. Furthermore, an anti- 
inflammatory effect has been shown for BoNTs in formalin model of pain where 
pretreatment with onabotulinumtoxinA blocks the inflammatory peak of pain and 
reduces the accumulation of glutamate in the tissue that follows the formalin injec-
tion [68].

It has been shown, by immunofluorescent technique, that cleaved SNAP 25, the 
target molecule of BoNT-A—after peripheral injection of the toxin—travels ros-
trally to the dorsal root ganglia and affects the first-order sensory neurons [69]. 
Further evidence for central analgesic effects of BoNT-A comes from painful exper-
imental diabetic neuropathy induced by injection of paclitaxel and streptozotocin 
agents. In both cases, unilateral injection of the toxin improves bilaterally devel-
oped painful neuropathy [70, 71]. In chronic myofascial pain syndrome with devel-
oped central sensitization, the analgesic effects of botulinum toxinA could be partly 
related to its inhibiting effect upon intrafusal muscle fibers that, through their large 
input to the spinal cord, enhance central sensitization [72]. The peripheral and cen-
tral mechanisms involved in the analgesic effects of botulinum toxins were recently 
detailed by Lackovic [73, 74].

 Fibromyalgia

Fibromyalgia is a common clinical condition which affects 2%–3% of the US popu-
lation [75, 76]. The cardinal feature of the disease is chronic diffuse body pain. 
Patients often have additional symptoms of fatigue, headaches, mood disorders, 
sleep disturbance, and bowel disorders. Some patients demonstrate evidence of 
impairment of hypothalamic–pituitary–adrenal axis. Increased level of excitatory 
neurotransmitters (including substance P) and reduction of other biogenic amines 
found in patients with fibromyalgia suggest that some symptoms of fibromyalgia 
are related to chronic central sensitization [77]. Some patients complain of dry eyes, 
dyspnea, dysphagia, and palpitation. Paresthesias in the limbs are not uncommon.

Fibromyalgia
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A large number of medications have been tried to alleviate the pain of fibromy-
algia. Pregabalin, duloxetine, milnacipran, and amitriptyline are currently used as 
first-line drugs for treatment of fibromyalgia, but their effect is modest [78]. 
According to the current criteria of ACR, the diagnostic criteria of fibromyalgia are 
met if a patient demonstrates all three criteria described below:

 1. Widespread pain index (WPI) of 7 and symptom severity (SS) scale score of 5, 
or if WPI equals 3–6 and SS scale score equals to 9.

 2. Presence of this symptomatology for at least three months.
 3. The patient does not have any other disorder that can explain the pain [79].

 Botulinum Toxin Treatment of Fibromyalgia

The published literature on the efficacy of BoNTs in fibromyalgia is very limited. 
There are no published blinded and placebo-controlled studies in this area. The lit-
erature is limited to two letters to the editor and one retrospective study [80–82].

Paulson and Gill [80] compared the effects of onaA (100 units) with that of lido-
caine (0.5%) in 10 patients with fibromyalgia. They used a baseline fibromyalgia 
questionnaire to measure pain, disability, medication intake, and routine daily activ-
ities. The patients first received lidocaine followed by injection with BoNT. None of 
the patients who received BoNT injections into the trigger points showed any 
improvement.

In another small open observation [81], 16 patients who met the clinical criteria 
of fibromyalgia were injected with onaA (100 units) into multiple trigger points. 
Five patients had one trigger point injection, seven had two, while the remaining 
four patients had three and four trigger point injections. The authors reported sig-
nificant improvement of pain in all patients. Pain relief lasted for 16 weeks after 
each type of injection. The method of assessing pain improvement and the exact 
dose per trigger point were not mentioned in the communication, however.

In the most recent study [82], 66 patients with fibromyalgia (96.9% females) 
were divided into three groups. Group 1 received BoNT-A into trigger points of 
cervical muscles, group 2 underwent problem-solving therapy, and group 3 had 
both therapies. Comparing the response of the three groups, authors reported that 
pain improved in 31.8% of the toxin group, 13.6% of the problem-solving group, 
and 22.7% of the group that received both therapies, respectively.

 Comment

The role of BoNT treatment in fibromyalgia has not been assessed by controlled 
studies. Using the efficacy criteria of the assessment and development committee of 
the American Academy of Neurology [45, 46], the level of efficacy of BoNTs in 
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fibromyalgia is undetermined due to lack of high-quality studies. Given the diffuse 
and often poorly localized nature of the pain, along with the complexity of symp-
tomatology of fibromyalgia, it is unlikely that BoNT treatment would be effective in 
this disorder.
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Chapter 9
Botulinum Toxin Therapy for Pelvic 
and Urogenital Pain

 Introduction

Chronic pelvic pain (CPP) is a disabling disorder which is more common 
among women.

The American College of Gynecology defines chronic pelvic pain as a noncyclic 
pain of more than six months duration that localizes to the pelvis, anterior abdomi-
nal wall at or below the umbilicus, the lumbosacral region, or the buttocks and is of 
sufficient severity to cause functional disability or require medical care [1]. It affects 
5.7–26.5% (both genders) of the population and is more common in women of fer-
tile age [2]. In a prospective study of 5,253 women between the ages of 18 and 50 
years, 14.7% met the criteria of chronic (>6 months) pelvic pain and 45% reported 
reduced work productivity [3]. The cost of female chronic pelvic pain and vulvo-
dynia to the US economy has been estimated to amount 31–72 billion dollars per 
year [4]. Among men, chronic pelvic pain is the cause of 2 million clinic visits per 
year [5]. In many affected patients (female or male), CPP is manifested in the form 
of myofascial pain with trigger points in the muscles of the pelvic floor causing 
local and referred pain. Pelvic pain can be associated with sexual, musculoskeletal, 
neurological, and psychological complaints; many affected females complain of 
dyspareunia (pain during intercourse) and vulvodynia (vulvar pain) [6]. In some 
patients, chronic pain is a reflection of a serious pathology involving adjacent geni-
tourinary structures. Therefore, a careful examination of the pelvic floor muscles is 
necessary in every patient with CPP. In suspected patients, anatomical investigation 
of the pelvic floor and adjacent structures by neuroimaging can disclose the culprit 
genitourinary pathology.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99650-5_9&domain=pdf
https://doi.org/10.1007/978-3-030-99650-5_9
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 Anatomy of the Pelvic Floor

Pelvic floor encompasses three layers of muscles. The most superficial layer con-
sists of bulbocavernosus, ischiocavernosus, superficial transverse perineal, and 
external anal sphincter. The puborectalis muscle is between superficial and deep 
muscles. The deepest layer, or pelvic diaphragm, consists of pubococcygeus and 
ileococcygeus (together they form the levator ani), coccygeus, and ischiococcygeus 
muscles [7] (Fig. 9.1). Piriformis and obturator internus are also deep muscles. The 
superficial layers of pelvic floor are innervated by pudendal nerve, while the deepest 
layer is innervated by S3, S4, and S5 sacral nerve roots.

The referred pain emanating from the trigger points of these muscles can be felt 
in the distribution and territory of pudendal nerve. The pain emanating from the 
superficial muscle layer (bulbocavernosus and ischiocavernosus) is referred to the 
perineum and adjacent urogenital structures. Pain of external anal sphincter may be 
referred to the posterior pelvic floor. The pain in levator ani and coccygeus muscles 
would usually radiate to the vagina or sacrococcygeal area. Obturator internus gen-
erates referred pain to the anococcygeal region.

 Treatment of Chronic Pelvic Pain

A number of therapeutic strategies are employed in the management of chronic 
pelvic pain. Pelvic floor physical therapy can be helpful and provides some pain 
relief to 63% of the patients [8]. Pharmacological therapy often encompasses a mul-
timodal approach tailored to the needs of individual patients and may include anti-
spasmodic/anticholinergic drugs, analgesic agents (including nonsteroidal 
anti-inflammatory drugs), and, in some cases, antibiotics. Amitryptyline and gaba-
pentin are often used to treat pelvic pain. In one investigation, addition of gabapen-
tin to amitriptyline offered better pain relief to pelvic pain patients [9]. Opioid 
treatment is reserved for recalcitrant pain in the pelvic floor [10].

Alternative therapies such as acupuncture, pollen extract, and mind and body 
practices have been tried by some with modest results in chronic pelvic pain [11]. 
Among the three, acupuncture has been studied in more detail and with higher qual-
ity studies. In one study [12], patients with pelvic pain due to chronic prostatitis 
who underwent 20 sessions of acupuncture over 10 weeks demonstrated significant 
reduction in pelvic pain compared to the group who had sham acupuncture (6-point 
decrease in NIH-CPSI score at week 10, P = 0.02, week 24, P = 0.04). In another 
study [13], investigators compared the effect of electrical acupuncture (EA) with 
advice and exercise as compared to sham EA with exercise or with exercise only (3 
arms) in 63 subjects. After 12 biweekly sessions, symptoms, mostly pain related, 
improved (6 points in NIH-CPSI) in the group with electrical acupuncture (P 
= 0.001).

9 Botulinum Toxin Therapy for Pelvic and Urogenital Pain
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Fig. 9.1 Anatomy of pelvic floor. (From Raizada and Mittal, 2009. Journal of Gastroentrology 
Clinic of North America. Reproduced with permission from the publisher PMC)
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Li et al. [14] reviewed the world literature on the effect of acupuncture on pelvic 
pain caused by prostatitis. Eleven prospective studies with a total of 748 patients 
were reviewed. Each of the 11 studies came from a single center. The quality of the 
studies was evaluated by the Cochrane collaboration tool. Five of the 11 studies 
were blinded and included sham acupuncture. Meta-analysis of the data demon-
strated that acupuncture significantly lowered the total NIH-CPSI score, whereas 
the reduction in NIH-CPSI pain score was modest. Elden et al. [15], however, have 
found no difference in pain relief between acupuncture and sham acupuncture in 
114 pregnant women with a history of chronic pelvic girdle pain. Contradictory 
results have been reported regarding the effect of acupuncture in primary dysmenor-
rhea. Some blinded studies have shown significant pain relief with acupuncture 
compared to sham acupuncture [16], whereas others have reported failure of laser 
acupuncture to alleviate pain in dysmenorrhea [17].

Pollen extracts containing amino acids, carbohydrates, lipids, vitamins, and min-
erals have been shown to relax sphincters of the bladder and urethra in addition to 
having anti-inflammatory effect. A double-blind, placebo-controlled study of 60 
patients with CPP [18] revealed lower pain scores and less voiding symptoms in 
subjects who took pollen extract (P = 0.05) at six months after initiation of therapy. 
In another controlled and blinded study [19] of 139 patients, subjects who took pol-
len extract demonstrated significantly (P = 0.008) lower pain score (subset of NIH- 
PSI) and showed improved quality of life at 12 weeks (P = 0.002). In a recently 
reported prospective, randomized, controlled study [20], the effect of pollen extract 
suppository, 1 daily for 10 days, was compared with the ibuprofen 600 mg, 1 tablet 
in the morning for 10 days in 124 patients. The patients’ response was evaluated by 
patients’ reported quality of life outcome (PROs) and NIH-chronic prostatitis symp-
tom index (NIH-CPSI) at three and six months. At the end of evaluation, 88.8% in 
the pollen group and 27.8% in the ibuprofen group had significant pain relief 
(P < 0.0001). The group that received pollen extract also reported a higher improve-
ment in terms of PROs, when compared with the control group.

Quality studies are not available on mind and body practice approaches for treat-
ment of pelvic pain, which include massage, spinal manipulation, deep-breathing 
exercises, guided imagery, hypnotherapy, progressive relaxation, qi gong, and tai 
chi. These practices are based on using the mind to improve physical function.

Neuromodulation techniques (transperineal electromagnetic stimulation, puden-
dal nerve stimulation, spinal cord stimulation, sacral nerve root stimulation) have 
been tried and assessed in eight controlled clinical trials [20]. Of these, meta- 
analysis of the data was only possible for percutaneous tibial nerve stimulation and 
transcutaneous electrical nerve stimulation. Both techniques offered some degree of 
pain relief in chronic pelvic pain.

9 Botulinum Toxin Therapy for Pelvic and Urogenital Pain
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 Botulinum Toxin Treatment of Chronic Pelvic Pain

 Rational

Botulinum neurotoxin injections into pelvic floor may alleviate pelvic pain via mus-
cular or neural mechanisms. Following intramuscular injection, the toxin travels to 
neuromuscular junction (via blood or lymphatics) where, through deactivating a 
SNARE protein (SNAP25 in case of botulinumtoxinA), it blocks the release of ace-
tylcholine from presynaptic vesicles. The result is muscle relaxation and reduced 
muscle spasm.

On the neural side, injected BoNT influences the sensory nociceptive system and 
produces analgesia via different mechanisms. It reduces or blocks the function of 
pain mediators and transmitters (glutamate, substance P, calcitonin gene-related 
peptide) at the peripheral nerve terminal and at the level of first-order sensory neu-
rons (dorsal root ganglia and trigeminal gangia) [21–26]. Adding botulinum toxins 
A or B to cultured sensory cells reduces secretion of pain transmitters from these 
cells [27, 28]. There is now strong evidence that some of the analgesic effects of 
intramuscularly injected BoNTs emanate from their action at central sensory levels. 
Sensory neurons of the spinal cord secrete less substance P and demonstrate reduced 
c-fos activation following intramuscular injection of BoNT-A and B [29, 30]. Both 
in cell culture and in animal models of pain, peripheral injection of BoNTs reduces 
the inflammatory response [31, 32].

The analgesic effect of BoNT may be partly related to its central action. Presence 
of cleaved SNAP-25 in the central neurons after peripheral injection indicates retro-
grade transfer of the toxin to the central nervous system (CNS) [33]. In CNS, there 
is also evidence for anterograde propagation of the toxin via the phenomenon of 
transcytosis [34]. Unilateral, peripherally injected botulinumtoxinA improves bilat-
eral analgesia in animal models of experimental bilateral painful peripheral neu-
ropathy such as those induced by peripheral injection of acidic saline or toxic agents 
[35, 36].

The toxin can also influence and reduce chronic pain by reducing central sensiti-
zation of sensory neurons that occurs in any chronic pain disorder [37]. One mecha-
nism would be by reducing the large non-nociceptive inputs to the spinal cord that 
in chronic pain conditions can be perceived aberrantly as nociceptive. One such 
large sensory input comes from intrafusal muscle spindles that report the length of 
the muscle to the spinal cord neurons. In experimental animals, intramuscular injec-
tion of BoNT-A significantly reduces the electrical discharge of the intrafusal nerve 
fibers (muscle spindles) [38, 39].
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 Botulinum Neurotoxins Studies in Chronic Pelvic Pain (CPP)

Most studies of BoNT efficacy in chronic pelvic pain are of low quality. The few 
available high-quality, randomized, blinded, placebo-controlled studies will be 
reviewed in this chapter, and their findings are summarized.

In 2000, Abbott et al. [40] conducted the first randomized, blinded clinical trial 
of botulinum toxin therapy in pelvic pain. The study group consisted of 60 patients 
(30 toxin, 30 placebo) with CPP, 55% of whom had endometriosis and a majority 
had had surgery to remove foci of endometriosis previously. Patients’ major symp-
toms were nonmenstrual pelvic pain, menstruation-related pelvic pain, dyspareunia, 
and dysmenorrhea. Patients were injected, under conscious sedation, either with 1cc 
of study drug (80 units of onabotulinumtoxinA) or a comparable volume of saline 
into two sites bilaterally within each of puborectalis and pubococcygeus muscles 
(Fig. 9.1). Participants completed VAS questionnaires for pain, bowel, and bladder 
questionnaires and had examinations to assess pelvic floor tenderness, vaginal 
manometry measurements at 2, 4, 8, 12, 16, 20, and 26 weeks after injection. There 
was significant change from baseline in the botulinum toxin type A group for non-
menstrual pelvic pain assessed by VAS (P = 0.009), but not in the placebo group. 
Both onaA and placebo subjects showed marked improvement of dyspareunia com-
pared to baseline; this improvement was more prominent for onaA (P = 0.009 vs. 
0.04) group. Both onaA and saline injections decreased the pelvic floor manometric 
pressure significantly.

In an open label study, the same group of investigators studied the effect of a 
single injection of 100 units of onabotulinumtoxinA into the pelvic floor (26 
women) and multiple injections (2 or more) in 11 women suffering from pelvic pain 
[41]. The technique of injection was similar to that of their previous report [40]. 
Second injections were administered no sooner than 26 weeks. Both single and 
repeat injections reduced nonmenstrual pelvic pain (VAS value of 51 down to 23 P 
= 0.04) and vaginal pressure and dyspareunia (for dyspareunia VAS value of 54 was 
lowered to 30 for single injection versus 51 down to 23 for multiple injections (P 
= 0.001).

In another double-blind, placebo-controlled study, the investigators compared 
the effect of onabotulinumtoxinA (100 units) with saline in 13 male subjects with 
moderate to severe pelvic pain due to chronic prostatitis [42]. Patients were injected 
into proximal and mid- bulbospongiosus muscle posterior to the perineal body. The 
response rate for onaA subjects was 30% compared to 13% for the saline group (P 
= 0.002). The pain component of chronic prostatic symptom index (PCSI) improved 
significantly in the onaA subjects compared to the placebo group (0.05).

In a double-blind, placebo-controlled study, Falahatkar et  al. [43] from the 
University of Guilan in Iran have investigated the effectiveness of intraurethral 
BoNT injection into the prostate in 60 adult males with a history of chronic pelvic 
pain due to chronic prostatitis. Injection results of OnabotulinumtoxinA, 100 or 200 
units (depending on prostate volume <30 or >30 CC), diluted in 2cc of normal 
saline were compared with injection of 2cc of normal saline at one, three, and six 
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months. The toxin versus saline effect was rated at these timelines by VAS, American 
Urological Association Symptom Score (AUASS), NIH-CPSI total, and subscale 
scores and quality of life scores, as well as frequency of diurnal and nocturnal urina-
tion. The authors noted a significant decrease in VAS and AUASS among the 
patients in the toxin group compared to those on placebo from the first month 
postinjection to the end of the study, as well as significant improvement of quality 
of life in the patient who received toxin injection. Two patients in the toxin group 
had mild, transient hematuria.

In another controlled and blinded study of 60 women with pelvic pain, Dessie 
et al. [44] compared the effect of onaA injection (200 units diluted in 20cc of saline) 
into the pelvic floor with placebo (saline). The primary outcome was change in 
participant-reported pain on palpation of the most painful pelvic floor muscle at two 
weeks. Although more patients in the toxin group met the primary outcome and 
more patients in the toxin group demonstrated higher “Patient Global Impression of 
Improvement Index,” the difference between toxin and placebo groups was not sta-
tistically significant.

In a recent blinded and multicenter study, investigators compared the effect of 
pelvic floor injection of incobotulinumtoxinA (Xoeomin-Merz) with local anes-
thetic injection in 80 patients (40 placebo) with chronic pelvic pain [45]. The study 
group patients carried diverse diagnosis including thoracolumbar junction syn-
drome (22.5%), idiopathic chronic proctalgia, (21.25%), irritable bowel syndrome 
(18.75%), provoked vestibulodynia (11.25%), interstitial cystitis (7.5%), and 
chronic prostatitis (7.5%). Injections were performed under ultrasonography into 
the tender part of pelvic floor including the pelvic head of obturator internus (OI) 
and levator ani (LA) muscles. In the toxin group, investigators injected 100 units 
into OI and 50 units into LA muscles (a total 0f 300 units on both sides). The anes-
thetic (0.2% ropivocaine hydrochloride) group received 1.5 and 4 cc of anesthetic 
solution into the levator ani and pelvic head of obturator internus, respectively. The 
primary outcome measure of the study was a significant change in the 7-point scale 
of Patient Global Impression-Index (PGI-I) at day 60 after injection. In regard to 
changes in PGI-I, although more patients at day 60 (post injection) responded to 
toxin therapy (11 vs. 8), this difference was not statistically significant (P = 0.43). 
Three patients in the botulinum toxin group developed transient incontinence (2 
urinary and 1 fecal), which was transient and considered a minor side effect.

Meister et al. [46] have conducted a review and meta-analysis of the published 
data on the effectiveness of BoNT injections for relief of pelvic pain based on the 
data published up to the year 2019. Nine studies were included in the final analysis 
that used a random effects model with robust variance estimation to estimate the 
pooled mean difference in patient-reported pain scores after botulinum toxin injec-
tion. The study found a statistically significant reduction in patient-reported pain 
scores at six weeks after botulinum toxin injection (mean difference, 20.3; 95% 
confidence interval, 11.7–28.9) that continued past 12 weeks (mean difference, 
19.4; 95% confidence interval, 14.6–24.2). There was also significant improvement 
in secondary outcomes including dyspareunia and quality of life.
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Recently, Karp et al. at NIH reviewed the literature on BoNT therapy in CPP 
[47]. They noted the safety of toxin injections in the published literature, while 
emphasizing the need for high-quality studies. The authors described in detail the 
technique that their group uses at NIH for toxin treatment of CPP. Following a small 
open label study of 13 patients that produced positive results [48], Dr. Karp’s group 
embarked on a randomized, double-blind, placebo-controlled investigation at NIH 
(NCT01553201); the results of which will be hopefully available soon.

 Comment

Success in BoNT therapy depends highly on using the right injection technique and 
selection of the right dose. For CPP caused by prostatitis, there is one class A study 
[43] denoting a B level efficacy (probably effective) [49, 50] when the toxin is 
injected into the prostate transurethrally. In the case of female CPP, with most stud-
ied patients having endometriosis, the class II study of Abbott et al. [40] provides a 
level C evidence (possibly effective). A number of other studies have shown better 
response with BoNT-A injection compared to saline or anesthetic injection in pelvic 
pain [44, 45]; however, the results did not reach statistical significance. These 
encouraging results clearly show a need for multicenter studies of BoNT efficacy in 
CPP to determine the right technique and dose for successful CPP treatment.

Other techniques to improve pelvic pain with BoNT are being explored. One 
such technique involves BoNT blockade of ganglion impar that marks the termina-
tion of paravertebral sympathetic chain at the sacroccygeal junction. Blockage of 
this ganglion with 100 units of onaA (mixed with 5% anesthetic) is reported to ease 
pelvic pain for six months [51]. Further confirmation of this approach is needed via 
blinded studies. The current data suggest that in recalcitrant chronic pelvic pain, 
BoNT treatment can be a useful addition to physical therapy and pharmacological 
treatment.

 Botulinum Toxin Treatment of Dyspareunia and Vaginismus

As mentioned above, dyspareunia (pain during intercourse) can accompany pelvic 
pain, and botulinum toxin treatment of chronic pelvic pain may also improve the 
coexisting dyspareunia [44, 45]. Dyspareunia may also occur independent of 
chronic pelvic pain and in association with different conditions. Park et  al. [52] 
reported the case of a 49–year-old woman with two-year history of fecal dysfunc-
tion and dyspareunia who presented with stage II rectal prolapse. She underwent 
laparoscopic and pelvic floor reconstruction and removal of packets of endometrio-
sis. Four months after a second operation (vaginoplasty), the patient was injected 
into four sites bilaterally (Fig. 9.2) with 40 units of BoNT-A into levator ani muscles 
because of continued dyspareunia. Following BoNT injection, patient experienced 
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a significant improvement of dyspareunia and was able to enjoy intercourse for 
two months.

Vaginismus is involuntary tensing and contraction of the vaginal wall due to any 
form of vaginal penetration (pelvic examination, tampon, intercourse). It may or 
may not be associated with dyspareunia. It is a common female disorder that affects 
one in 200 women [53]. Most cases of vaginismus do not have a defined pathology 
in the vaginal or pelvic region. Treatment includes physical therapy, sex counseling, 
psychotherapy add hypnotherapy, as well as the use of oral analgesic and muscle 
relaxants [54]. Treatment failure is not uncommon.

Brin and Vapnek first reported significant improvement of vaginismus in a 
29-year-old woman who noted sensitivity and pain in her vagina after her first inter-
course at age 17 [55]. During vaginal examination, there was marked sensitivity of 
vaginal wall to touch with vigorous pelvic floor contractions. Many treatments over 
the years including baclofen, paracetamol, amitriptyline, and subtrigonal injection 
of lidocaine were unsuccessful. Injection of 40 units of onabotulinumtoxinA into 

Fig. 9.2 Site of BoNT injection (pubococcygeus muscle), proposed for relief of vulvodynia. 
(From Goldstien et al., 2011. J Sex Medicine. Printed with permission from John Wiley and Sons)
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anterior vaginal wall muscles (two sites) resulted in resolution of all symptoms 
including dyspareunia. Ghazizadeh and Nikzad [56] studied the effect of BoNT 
injection in 24 women with 3rd and 4th-degree vaginismus who had failed previous 
nontoxin treatments. Patients received 150–400 units of BoNT-A (Dysport) into 
puborectalis muscles (3 injections into each side of the vagina). A week post injec-
tion, 23 of 24 women showed no or little vaginismus on examination. Eighteen 
(75%) achieved satisfactory intercourse with 4 experiencing only mild pain. Over a 
mean of 12.3 months of follow-up, none of the improved patients demonstrated 
recurrence of vaginismus.

 Vulvodynia

Vulvodynia is defined as chronic discomfort and pain in the vulva without objective 
findings or specific signs of a neurological disorder [57]. The pain is usually burning 
in character and is often provoked by contact stimulation (sexual activity, tampon 
contact, etc.). A careful clinical examination and thorough search for pelvic or uro-
genital pathology are in order before diagnosing a patient with essential (general) 
vulvodynia. Treatment of volvudynia includes analgesic medications (gabapentin, 
tricyclic antidepressants), pelvic floor physiotherapy, biofeedback exercises, 5% 
lidocaine ointment, and acupuncture; all produce only partial relief [58]. Results are 
often disappointing, and recalcitrant cases are disabling and emotionally drain the 
patient.

In earlier observations on a single case by Gunter et al. [59] (2004) and another 
seven patients by Yoon et al. (2007) [60], marked reduction of pain was reported 
after injection of onaA into vestibule, levator ani, and perineal body in volvudynia. 
Contrary to these positive observations, Petersen et al. [61] (2009) found no differ-
ence between onaA and placebo in respect to pain relief (measured by VAS over 6 
months) in a double-blind, placebo-controlled study of 60 subjects with vestibulo-
vulvodynia. OnaA (20 units in 0.5cc saline) or saline (0.5cc) was injected into the 
bulbospongiosus muscle. Both the placebo and onaA group, however, showed 
marked decrease in VAS scores compared to baseline (P  <  0.001). The placebo 
group also showed marked decrease in sexual stress at six months post injection (P 
= 0.04).

Several subsequent open label clinical trials have suggested efficacy of onaA in 
reducing pain of vulvodynia. Bertolasi et al. (2009) [62] found that repeated injec-
tions of BoNT-A (up to 39 months) in patients with vulvodynia leading to vaginis-
mus improved several patients’ symptoms and functions. The authors injected 
abobotulinumtoxinA (Dysport) into the levator ani bilaterally. When follow-up 
ended, 63.2% of the patients had completely recovered from vulvodynia and vagi-
nismus. Pelletier et al. (2011) [63] injected 100 units of onaA into vulvar vestibule 
(50 units on each side) of 20 patients affected with vulvodynia. At three months post 
injection, both pain (measured by VAS) and quality of life improved significantly 
compared to baseline values.
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The mean VAS score decreased from 8.37 to 1.22 (P < 0.001) for 20 patients. 
The quality and frequency of sexual activity during the first six months after injec-
tion also improved (P  <  0.001). In another open label study [64], the authors 
described the efficacy of onaA compared to gabapentin in 73 patients with vulvo-
dynia. The onaA dose utilized varied from 40 to 100 units (most patients received 
>70 units). The mean pre-treatment VAS score was 8.6 (range, 6–10) for the gaba-
pentin treatment group and 8.1 (range, 5–10) for the botulinum toxin A treatment 
group. Post-treatment VAS scores were significantly reduced for each group (VAS 
was reduced to 3.2 from 8.6 in the gabapentin group and to 2.5 from 8.1 in the botu-
linum toxin A group, P < 0.001). Authors commented that lack of response in the 
controlled study of Petersen et al. (2009) could have been due to the low dose of 
BoNT (20 units of onaA) used in that study. Hansen et al. (2019) [65] followed 79 
patients with recalcitrant vulvodynia following incobotulinumtoxin injection into 
levator ani, pars puborectalis under EMG guidance. The injected dose was 50 units 
on each side. Patients’ pain improved significantly (P < 0.01), so did their quality of 
life (P < 0.01) and tenderness to cotton swab test (P < 0.01).

Recently, two other blinded studies were reported on BoNT therapy in vulvo-
dynia [66, 67]. In one study that included 44 women in the toxin group and 44 in the 
placebo (saline) group, both toxin and placebo groups showed significant reduction 
of pain after injections [66]. Fifty units of BoNT-A were injected at four sites into 
the lateral and medial bulbocavernosus muscle. Although more patients in the toxin 
group demonstrated pain relief, the difference between toxin and placebo was not 
statistically significant. However, during the six months course of the study, signifi-
cantly more (27% more) patients in the toxin group could participate in vaginal 
intercourse after toxin injections than the placebo group. No serious adverse effects 
were noted.

In another randomized and blinded clinical trial [67], investigators compared the 
effects of 50 and 100 units of onabotulinumtoxinA (Botox-Allergan) with each 
other and with placebo in 33 women with vulvodynia. Patients received two sets of 
injections three months apart. Injections were performed into the subcutaneous lay-
ers of the dorsal vestibulum. All three groups demonstrated significant reduction of 
pain after the first injection as assessed by the Von Frey filament test. No significant 
difference was noted among the three groups. Patients in one of the two toxin groups 
(100 unit), and those patients in the placebo group, each had a repeat injection with 
100 units of toxin after three months. After the second injection, only the placebo 
group demonstrated significant pain relief as assessed by VAS and Von Frey fila-
ment tests (P = 0.029 and P = 0.003, respectively).

As another site of toxin injection, blocking ganglion of impar can be also consid-
ered. Ganglion of impar, the only single ganglion in the nervous system, marks the 
termination of paravertebral sympathetic chain at the sacroccygeal junction. In 
patients with pelvic pain, pain relief has been reported with injection of 100 units of 
onaA into this ganglion [49]. In a recent report [68] on four patients with recalci-
trant vulvodynia, repeated injections of 2% lidocaine into this ganglion resulted in 
almost total disappearance of vulvodynia in two patients and marked reduction of 
pain in the other two.
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 Comment

Open label studies cited above uniformly suggest that BoNT therapy is effective and 
safe in vulvodynia. All blinded studies also show that, compared to placebo or anes-
thetic, more patients in the toxin group had pain relief, but the values did not reach 
statistical significance. There are issues with the design and selection of population 
that could have influenced the results of the blinded studies. In one study [61], the 
dose was much smaller (20 units of onaA) compared to the 40–100 units used in the 
open studies. The other blinded studies have shown that placebo was as effective as 
the toxin in relieving the symptoms of vulvodynia. When the placebo effect is that 
high, the study cannot properly determine the drug’s efficacy for that indication. 
Therefore, elucidation of true efficacy of BoNT treatment in vulvodynia requires 
conducting larger studies using sufficient dose of BoNT and, hopefully, in popula-
tions that do not demonstrate high placebo effect. A method of injection into pubo-
coccygeus muscle is presented in Fig. 9.2.

 Painful Bladder Disorders

A number of bladder disorders have pain as a part of their symptomatology. These 
include bladder pain syndrome (BPS)/IC, and to a much lesser extent, detrusor mus-
cle overactivity and detrusor sphincter dyssynergia. Since pain is the major symp-
tom of BPS/interstitial cystitis, recent literature has focused on a potential role of 
BoNTs in relief of pain associated with this syndrome.

Bladder pain syndrome, caused by interstitial cystitis, is defined as a clinical 
condition characterized by supra-pubic pain (due to bladder filling), diurnal, and 
nocturnal frequency and urgency in the absence of urinary tract infection or organic 
urological disease [69]. Cystoscopic evaluation may show presence of glomerula-
tions, petechiae, and sometimes mucosal ulceration. The treatment is often difficult 
and generally unrewarding. In 2014, Cardella et al. [70] reviewed pharmacological 
treatments for painful interstitial cystitis. Amitriptyline, gabapentin, duloxetine, and 
velanfaxine were described as the most commonly used analgesic drugs for this 
condition with nonsteroidal anti-inflammatory agents (NSAID) and opioids as the 
second line of treatment. Hydroxizine is used in cases where allergy seems to be a 
major contributing factor as hydroxyzine inhibits connective tissue mast cell 
infiltration.

Intravesical drug delivery approach for treatment of IC has gained popularity in 
recent years. This includes introduction of locally active anesthetics (which have 
both anti-inflammatory and antimast cell effect), hydraulic acid, and chondroitin 
sulfate (promote regeneration of damaged urotheliumin BPS) and pentosan polysul-
fate (approved for oral use by FDA). Pentosan polysulfate has anti-inflammatory 
effect and degranulates mast cells. These drugs, however, have not shown long-term 
positive effects.
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In a recent review and meta-analysis study [71] of twenty-three randomized clin-
ical trials (RCTs) with 1871 participants, amitriptyline, cyclosporine, and certilo-
zumab all significantly reduced Interstitial Cystitis Symptom Index (ICSI) compared 
to placebo. The VAS improved significantly in cyclosporine group compared to the 
group that used pentosan polysulfate sodium. Overall, cyclosporine was found 
superior to other pharmacologic treatments in efficacy. Rodriquez-Lopez and 
Mangir recently published an extensive review of nonpharmacological and pharma-
cological treatments of interstitial cystitis [72]. The nonpharmacological approaches 
included general relaxation techniques, patient education, behavioral treatments, 
and physical therapy. Pharmacological approaches were usually multimodal to 
include oral (amitriptyline, cimetidine, hydroxyzine) and intravesical treatments 
(heparin, lidocaine, hyaluronic acid, and chondroitin sulfate), as well as hydrodis-
tention and other more invasive treatments. The authors emphasized that most avail-
able treatments are not based on a high level of evidence. There is lack of targeted 
therapies for IC but rather a wealth of empirical approaches with usually inadequate 
efficacy.

 Botulinum Toxin Treatment of BPS/IC

A growing body of information has developed over the past 15 years regarding the 
role of BoNTs in treatment of bladder pain syndrome (BPS). The literature on this 
issue includes several open label investigations [73–91] and six double-blind, 
placebo- controlled clinical trials [92–97]. The open label studies generally suggest 
efficacy of BoNTs in relieving pain of interstitial cystitis and lack of serious side 
effects. The six blinded studies will be discussed in some detail below:

In a double-blind, parallel design study, Kuo et  al. (2009) [92] compared the 
efficacy of onabotulinumtoxinA in two groups receiving either 100 or 200 units plus 
cystoscopic hydrodistention (HD) two weeks later and a third group treated with 
HD only. All 67 patients in the study had failed to respond to the conventional treat-
ments for BPS. Injections were made into the urothelium of the posterior and lateral 
bladder walls at 40 sites. In the 200 units group, each injection was 5 units, whereas, 
the subjects of 100 units group received 2.5 units per injection site. The primary 
treatment outcome was changed in global response assessment (GRA), a 7-point 
response from markedly worse to markedly better acknowledged by the patient and 
assessed at three months post injection. A number of other scales including VAS for 
pain were also employed. At three months, 80% and 72% of the patients in the 200 
unit and 100 unit onaA groups, respectively, had significant improvement expressed 
in GRA compared to 48% in the HD group (0.032). The VAS pain scores decreased 
39%, 55%, and 18% for 100, 200 unit onaA and HD groups, respectively (P = 
0.007). The bladder capacity also increased significantly in the onaA groups; 26% 
in the 100-unit group and 63% in the 200-unit group compared to 4% in the HD 
group. In the succeeding open arm of the study, GRA score was 71%, 55%, and 
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30% at 6, 12, and 24 months for the three groups, respectively. The difference 
between toxin and nontoxin group was statistically significant (P = 0.002).

In another double-blind, placebo-controlled study, Gottsch et  al. (2011) [93] 
compared the effect of onabotulinumtoxinA with saline in 20 women with intersti-
tial cystitis/bladder pain syndrome. Nine patients received the toxin, 50 units into 
the dome of bladder, periurethrally, one injection in each side. The patients’ response 
was evaluated by symptom evaluation performed using a female modification of the 
Chronic Prostatitis Symptom Index (CPSI), AUA Symptom Index, Graded Chronic 
Pain Scale, Perceived Stress Scale, and symptom improvement Visual Analog Scale 
(VAS). No significant difference was noted between toxin and saline regarding any 
of the assessed measures. There were no side effects.

In 2014, Manning et al. [94] published the results of their blinded study with use 
of abobotulinumtoxinA in interstitial cystitis. Twenty-six patients received aboA 
with hydrodistention, while 27 received saline and hydrodistention. The AboA 
injections were performed suburothelially. The primary outcome of the study was 
improvement of total O’Leary –Sant questionnaire score (OLS) but the two compo-
nents of this test OLS symptom and OLS problem index (OLS-SI, OLS-PI) were 
also individually assessed. At six weeks and three months post injection, OLS-PI 
improved significantly more in the aboA with hydrodistention group compared to 
saline with distension group. However, there was no improvement in OLS-SI or 
total OLS scores.

In another study (2016) [95], Kuo et al. compared the efficacy of onabotulinum 
toxinA (injected into urothelium) plus hydrodistention with placebo (saline) in 60 
patients (20 received saline) in interstitial cystitis. The study was muticenter, ran-
domized, and double-blinded. The primary endpoint was a decrease in pain assessed 
using a visual analog scale (VAS) at week 8 after treatment. Secondary endpoints 
included voiding diary and urodynamic variables. The Wilcoxon sign rank and rank 
sum tests were used for statistical analyses. At eight weeks post injection, the toxin 
group demonstrated significantly greater reduction of pain than the saline group (P 
= 0.021). The bladder capacity was also significantly increased in the toxin group. 
In the toxin group, 63% responded to treatment compared to 15% in the placebo 
group (P = 0.028).

In a two center, blinded study, Chaung and Kuo (2017) [96] looked at the effi-
cacy of lipotoxin (200 abobotulinumtoxinA plus 80 mg of Sphingomyelin) in BPS/
IC. Three groups of patients were compared with each other: 1-lipotoxin group (31 
patients); 2-onaA group (28 patients); 3-saline group (31 patients). The patients’ 
response was measured by VAS and OLS at four weeks post injection. All three 
groups improved significantly compared to baseline, a finding that authors contrib-
uted to significant placebo effect.

Most recently, Pinto et al. (2018) [97] assessed the efficacy of onabotulinum-
toxinA against saline in a double-blind, placebo-controlled trial. Ten patients were 
injected with 100 units of toxin and 9 patients with the same volume of saline (1cc) 
into the trigon of the bladder (10 sites). At 12 weeks, pain reduction (measured by 
VAS) was significant in the toxin group compared to placebo (P  <  0.05). 
OnabotulinumtoxinA also significantly improved O’Leary–Sant scores and quality 
of life scores over placebo at weeks 4, 8, and 12. Important numerical reductions in 
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voiding frequency were also observed in the toxin group. Urinary tract infections 
developed in three patients who received onabotulinumtoxinA compared to two 
patients who received saline.

 Injection Technique

For treatment of CBP/IC with botulinumtoxins, investigators have used different 
techniques of injection. In one communication, just two injections were performed 
from outside of the bladder paraurethrally [93], whereas all other studies injected 
through a cystoscope intravesically. The number of intravesical injections varied 
from 15 to 40 sites in different studies. The total dose of the toxin also differed 
among different studies. In the case of botulinumtoxinaA (Botox), it varied from 50 
to 200 units. Currently, the intravesical injection method is accepted as the preferred 
method for toxin treatment of CBP/IC (Fig. 9.3).

Although most previous investigators had opted to spare the trigone of the blad-
der, a recent study suggests that trigone injections can be advantageous in BPS due 
to the rich sensory innervation of this region [98].

 The Proposed Mechanisms of BoNT Action in Bladder Pain

As mentioned earlier in this chapter under pelvic pain, local injection of botulinum 
toxins can induce analgesic effect by several mechanisms. These include reducing 
function and release of pain transmitters such as glutamate, calcitonin gene-related 
peptide (CGRP) and substance P from nerve terminals, DRG and sensory spinal 

Fig. 9.3 Method of intradetrusor injection into 20 sites (10 units/site) for treatment of CBP/IC. (From 
Li et al., Journal of International Medical Research 2020. Reproduced with permission from the 
publisher PMC)
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neurons, as well as a central effect emanating from the retrograde transfer of the 
toxin to the central nervous system. Several animal studies support analgesic func-
tion of the toxin in bladder pain.

Lucioni et al. (2008) [99] acutely injured bladder explants by bathing them in 
HCL. The explants demonstrated marked release of calcitonin gene-related peptide 
(CGRP) and substance P (SP) compared to controls (1235 and 1655 pg/g, respec-
tively; controls, 183 and 449 pg/g, respectively; P < 0.001). This increased release 
of pain mediators was partially inhibited by prior incubation of the explants in a 
medium that included 10 units of onabotulinumtoxinA (870 and 1033 pg/g; P < 0.05 
and <0.01). They found cyclophosphamide (CYP) induced chronic inflammation of 
the bladder significantly increased the release of SP compared to controls (1060 and 
605 pg/g, respectively; P < 0.005). Again, exposure to onaA partially inhibited the 
release of SP after CYP-induced cystitis (709 pg/g, P < 0.05).

In another study [100], administration of intraperitoneal cyclophosphamide 
increased the expression of c-fos in L6/S1 segments of the rats’ spinal cord (78% 
and 107%, respectively). This phenomenon was subdued by intravesical instillation 
of 20 units of onaA prior to cyclophosphamide treatment that resulted in lowering 
of c-fos level to 50 to 52%. In animals pre-treated with onaA, the intervals between 
bladder contractions increased by 10 folds. Smith et al. (2005) found that applica-
tion of cyclophosphamide to bladder urothelium increased ATP release from the 
inflamed urothelium in 94% of animals [101]. Intravesical infusion of onaA prior to 
cyclophosphamide therapy reduced the ATP release by 69%.

In another experiment [102], investigators induced severe bladder pain in rats by 
injecting cyclophosphamide intraperitoneally. Intrathecal infusion of onabotu-
linumtoxinA at L6 level resulted in marked reduction of the animals’ pain behavior.

In 2015, Hanna-Mitchell et  al. demonstrated that the bladder urothelium 
expresses the intracellular targets and the binding protein for cellular uptake of 
BoNT/A and that the toxin is able to suppress the levels of these targets, as well as 
hypotonic-evoked ATP release [103]. In a later study [104], Coelho et al. (2016) 
have shown that in rats’ spinal cord injury model, following intratechal injection of 
onabotulinumtoxinA, painful voiding contractions improved. There was significant 
reduction of CGRP, a major pain transmitter at sacral dorsal root ganglia and in the 
spinal cord sensory neurons. Collectively, these observations support the analgesic 
effects of BoNT-A in animal models of bladder injury-induced pain.

Oliveira et al. (2017) [105] injected onaA and aboA (each 0.5 units diluted in 2cc 
of normal saline) into the bladder dome of female rats. They found that cleaved 
SNAP25 in the bladder wall was expressed 1.6 times more after injection of onaA 
compared to aboA.

Further evidence from animal studies for molecular function of botulinumtoxinA 
against bladder pain and inflammation was presented in an extensive review of the 
subject by Yeh et al. (2020) [106].
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 Comment

Animal studies assessing the efficacy of botulinum neurotoxin injections for blad-
der pain syndrome/interstitial cystitis (BPS/IC) suggest a variety of mechanisms 
through which BoNTs can exert an analgesic effect [96–103]. This is supported by 
a large number of open label studies [75–91]. Among randomized, double-blinded 
studies, three class II studies have shown superiority of BoNT-A injection combined 
with hydrodistention in treatment of BPS/IC syndrome compared to hydrodisten-
tion or saline alone [92, 94, 95]. Using the efficacy criteria of AAN [49, 50], BoNT-A 
plus hydrodistention will qualify for a level B (probably effective-minimum two 
class II studies). Only one blinded study (class II) compared the effect of BoNT-A 
alone with placebo using the current accepted method of intravesical injections (10 
or more sites). This study demonstrated the efficacy of the BoNT-A against placebo 
[97]. Based on one class II study, current AAN criteria denotes a C level of efficacy 
(possibly effective).

Studies with long-term follow-ups have shown sustenance of BoNT therapy in 
treatment of BPS/IC in several open label investigations. Both trigone injections 
only and trigone sparing injections have been effective [92, 94, 95, 97]. Side effects 
have been tolerable and the more worrisome ones such as incontinence were more 
often associated with the use of higher doses of toxins. Overall, the blinded and 
open studies regarding the use of BoNTs in CBP/IC are encouraging and show a 
role for toxin therapy for this difficult human pain disorder. There is clearly a need 
for conducting large, multicenter studies to determine the optimal dose and tech-
nique for treatment of CBP/IC with botulinum neurotoxins. A recent study demon-
strated that toxin injections can be effective even in the presence of bladder 
ulcerations and Hunter nodules [107], contradicting the results of a previous obser-
vation on this issue [108].
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Chapter 10
Botulinum Toxin Treatment of Chronic 
Facial Pain: Trigeminal Neuralgia 
and Temporo-Mandibular Disorders

 Trigeminal Neuralgia (TN)

Trigeminal neuralgia (TN) is one of the most severe forms of human pain and a 
cause of significant distress and depression in afflicted patients. In the United States, 
the estimated incidence of TN is 4/100,000 individuals [1]. Trigeminal neuralgia is 
more common after the age of 50 with the peak onset of symptoms between ages 53 
and 57 years [2]. Women are more frequently affected than men with the ratio of 3 
to 2 [3]. The pain is almost always unilateral, more often affecting the right side of 
the face (60%) [4].

Etiologically, three types of trigeminal neuralgia are recognized: classic, second-
ary, and idiopathic. The classic form includes majority of cases (over 80%). It is 
caused by compression of the trigeminal nerve by an anomalous vessel, usually the 
superior cerebellar artery, but vertebral artery or anterior inferior cerebellar arteries 
can be culprits as well. In most cases, the neurovascular compression can be visual-
ized by magnetic resonance imaging. The secondary form of TN can be seen in 
patients suffering from multiple sclerosis, in association with space-occupying 
lesions and following craniofacial trauma. In approximately 10% of patients with 
TN, no cause can be found (idiopathic TN).

The pain of TN is severe, often described as jabbing, stabbing, and shock-like 
pain. It involves one side of the face and may affect any branch of the trigeminal 
nerve, but maxillary (V2) and mandibular branch (V3) involvement is more com-
mon. Isolated V1 branch (ophthalmic) involvement is rare (5%) and, when present, 
is usually accompanied by mild autonomic symptoms (lacrimation, rhinorrhea, con-
junctival injection) [5]. The pain of TN usually lasts seconds, but in some cases, 
pain may last up to two minutes. Bouts of pain may occur multiple times a day and 
disable the patient. Facial movements, eating, speaking, chewing, and shaving often 
exacerbate the pain. Many patients have local trigger points in the face that upon 
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touching provoke severe pain. In the chronic state, a high proportion of the patients 
live in constant fear and anticipation of upcoming bouts of pain.

In the international classification of headache disorders, edition 3 (ICHD-3), four 
diagnostic criterion are required for diagnosis of trigeminal neuralgia [5]:

 1. Recurrent paroxysms of unilateral facial pain in the distribution(s) of one or 
more divisions of the trigeminal nerve, with no radiation beyond, also fulfilling 
criteria 2 and 3

 2. Pain has all the following characteristics: (a) lasting from fraction of a second to 
two minutes; (b) severe intensity; (c) electric shock-like shooting, stabbing, or 
sharp quality

 3. Precipitated by innocuous stimuli within the affected trigeminal distribution
 4. Not better accounted for by another ICHD-3 diagnosis

 Treatment

 Pharmacologic Treatment

Pharmacologic treatment of trigeminal neuralgia includes preventive and abortive 
treatments. Since TN is a form of neuropathic pain, the drugs that are most effective 
in TN are those that are used commonly for other forms of neuropathic pain. 
Carbamazepine (200–1200 mg) and oxcarbazepine (600–1800 mg) are now consid-
ered the first-line drugs for treatment of TN [6]. Treatment needs to start with lower 
dose and increase slowly to build tolerance (especially among women). Up to 90% 
of the patients with TN initially respond to carbamazepine and oxcarbazepine, but 
the effects wane over time. Approximately 40% of the patients discontinue treat-
ment due to side effects such as nausea, dizziness, and double vision. Other drugs 
used for preventive treatment of pain attacks in TN include lamotrigine, gabapentin, 
phenytoin, topiramate, pregabalin, valproic acid, and clonazepam. Baclofen, a mus-
cle relaxant and selective GABA-B receptor agonist, also may work using a dose of 
30–80 mg/day. In one blinded study, combination of carbamazepine and baclofen 
proved more effective, than either of the two alone [7].

Abortive treatment of acute pain attacks in TN includes using local application 
of lidocaine patch and, in more severe cases, intravenous infusion of magnesium 
and lidocaine [8, 9]. Medical treatment of trigeminal neuralgia has been described 
in detail in several recent reviews [10–13].

 Surgical Treatment

In many cases, trigeminal neuralgia is caused by an anomalous artery or vein 
impinging against the trigeminal nerve at or close to its exit point from the brain 
stem. This compression causes focal demyelination in the nerve which, over time, 
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leads to generation of ectopic discharges. Hence, in recalcitrant cases of trigeminal 
neuralgia with demonstrable MRI abnormalities, neurovascular decompression can 
be helpful. Surgical procedures for treatment of TN include the following 
approaches:

 1. Microvascular decompression is a widely used procedure for management of 
pain attacks in TN and can provide pain relief up to 10 years or longer. It is con-
sidered the most effective procedure. Side effects include loss of hearing, cere-
brospinal fluid (CSF) leaks, infarction, and cerebellar hematoma [11].

 2. Ablative surgery includes rhizotomy, mechanical balloon compression, thermo-
coagulation, and chemical injections. They can cause sensory deficit in the dis-
tribution of trigeminal nerve and anesthesia dolorosa.

 3. Radiosurgery including Gamma knife delivers ionizing radiation to trigeminal 
nerve root. It may cause facial sensory loss and paresthesias.

 4. Peripheral neurectomy and nerve block

 Anatomy and Physiology of Trigeminal Sensory System

Sensations from the face, gums, inner part of the cheeks, and teeth are conveyed to 
the central nervous system via three branches of the trigeminal nerve, namely, the 
ophthalmic, maxillary, and mandibular [14]. The ophthalmic branch innervates the 
skin of the forehead and top of the head and provides corneal sensation. The oph-
thalmic sensory branch to cornea is the afferent arm of corneal reflex, one of the 
most informative reflexes used in clinical medicine. The ophthalmic branch enters 
the cranium through the superior orbital fissure, travels with the maxillary branch in 
the cavernous sinus and then, along with maxillary and mandibular branches, con-
verges into the trigeminal ganglion (Gasserian ganglion) located in the middle fossa.

The maxillary branch of the trigeminal nerve innervates the middle part of the 
face, cheek, upper teeth and mucosa of the nasal cavity, soft and hard palates, and 
the pharynx (Fig. 10.1). Innervation of the nasal mucosa is the basis for sternutatory 
reflex (unilateral grimacing after gently putting a Q-tip inside one nostril) that tests 
the integrity of the V1 branch of the trigeminal nerve. The maxillary nerve leaves 
the face through the inferior orbital fissure and enters the skull via foramen 
rotundum.

The sensory part of the mandibular nerve (3rd division of trigeminal nerve) car-
ries information from the skin of the lower face, side of the face and head, lower 
teeth, anterior two-thirds of the tongue, and mucosa of the mouth and cheeks. The 
mandibular nerve enters the skull via foramen ovale and ends in the inferior part of 
the trigeminal ganglion.

Anatomy and Physiology of Trigeminal Sensory System
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 Botulinum Toxin Treatment of Trigeminal Neuralgia

Over the past two decades, animal and laboratory studies have demonstrated the 
effect of BoNTs upon trigeminal nerve and neurons and in relieving pain behavior 
in animal models of trigeminal pain. Several major pain mediators, specific pain 
receptors, and pain-activating voltage--gated sodium channels are highly expressed 
in the neurons of trigeminal ganglia and trigeminal nerve endings.

Cultured trigeminal neurons, within days, release large amounts of calcitonin 
gene-related peptide (CGRP), a major inflammatory pain mediator [15]. Transient 
receptor potential vanilloid 1 (TRPV1), a cation channel, is recognized as a major 
contributor to nociception since its activation releases CGRP.  TRPV1 is highly 
expressed in a large number (>90%) of trigeminal neurons. Exposure of rats’ cul-
tured trigeminal neurons to retargeted BoNT-A with nociceptive potential directly 
reduces the release of CGRP from these cells [16]. Subcutaneous injection of 0.25 
and 0.5 ng/kg of BoNT-A (onaA) into the rat’s face markedly reduces the expression 
of TRPV1 in the trigeminal neurons within two days [17]

BoNT-A (150 kDa) decreases exaggerated and evoked neurotransmitter release 
from trigeminal ganglion neurons and relieves neuropathic behaviors induced by 
infraorbital nerve constriction [18]. In infraorbital nerve constriction (IOC) pain 
model, injection of BoNT-A into the vibrissial pad of the rat reduces face allodynia 
and dural extravasation following IOC or formalin injection [19]. Others have 
reported similar pain alleviation with botulinum BoNT-A injection into rats’ face—
those suffering from facial pain related to IOC [20].

Fig. 10.1 Sensory distribution of first (ophthalmic), second (maxillary), and third (mandibular) 
divisions of the trigeminal nerve. (Drawings, courtesy of Shahroo Etemad-Moghadam DDS, MS)

10 Botulinum Toxin Treatment of Chronic Facial Pain: Trigeminal Neuralgia…



195

The evidence for a central analgesic effect for BoNT injection in the trigeminal 
system was provided by Matak et  al [21]. These investigators noted that in the 
formalin- induced facial pain rat model, after facial injection of BoNT-A, the cleaved 
SNAP-25 (the synaptic protein target of BoNT-A) can be detected in the mesence-
phalic trigeminal nucleus (trigeminal caudalis nucleus) where it is localized with 
TRPV1-expressing neurons. BoNT-A injection reduced the c-Fos activation in 
TNC, as well as locus coeruleus and periaqueductal gray region. Other investigators 
reported similar findings with BoNT-B [22]. In rats, cultured trigeminal neurons, 
after exposure to BoNT-A, demonstrate reduction of IL-1β immunoreactivity sug-
gesting an anti-inflammatory effect for this toxin [23]. In mice, after experimental 
infraorbital nerve damage, unilateral injection of BoNT-A reduces the facial pain 
behavior bilaterally. Following facial injection of the toxin, investigators observed 
significant reduction of postprocedure enhanced expression of pro-inflammatory 
and microglial activation factors [24]. Further support for possible central antinoci-
ceptive effect of BoNT-A in trigeminal pain comes from the study of Lyu et al. [25]. 
They have shown that experimentally induced pain in the tooth pulp of rats increases 
the expression of nociception-orfanin N/OFQ in rat’s trigeminal ganglion. Injection 
of BoNT-A alleviated facial pain in rats, and it is believed to have worked through 
changing the expression of nociception-orfanin N/OFQ in the trigeminal ganglia of 
the studied rats.

In another experiment [26] in rats with trigeminal neuralgia secondary to inferior 
orbital nerve constriction injury, researchers have shown that facial injection of 
botulinum toxin type A improved the pain behavior and reduced the expression of 
transient receptor potential melastatin 3 and transient receptor potential vanilloid 
type 4, both of which are nociceptive players in the trigeminal subnucleus caudalis.

 Human Studies of BoNTs in Trigeminal Neuralgia

Since 2002, several studies have been published on the effect of local botulinum 
toxin injections in trigeminal neuralgia. The data includes three double-blind, 
placebo- controlled studies [27–29], one single-blind study [30], and a number of 
prospective clinical trials and retrospective observations. The four blinded studies 
[27–30] are discussed next.

Wu et al [27] enrolled 42 patients with trigeminal neuralgia in a 13-weeks, ran-
domized, parallel design, double-blind, placebo-controlled study. Forty patients, 
21 in the BoNT and 19 in the saline (placebo) group, completed the study. Botulinum 
toxinA (Chinese toxin from Lanshou Institute) was diluted in 1cc of normal saline 
and injected, using a 16 mm long needle, either between the epidermis and dermis 
or submucosally in the areas affected by pain (Fig. 10.2). Subjects in the BoNT 
group received 25–75 units and a comparable volume was administered to the sub-
jects in the saline group. Patients remained on the same dose of their medications 
(carbamazepine, gabapentin, and pregabalin) during the study.
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The primary outcome was a significant change in pain frequency and intensity 
(measured by VAS) compared to placebo. Secondary outcomes were patient global 
impression of change (PGIC) and proportion of responders defined as those with 
50% or more pain reduction compared to baseline. Both primary outcome and all 
the secondary outcomes improved significantly in the BoNT group compared to the 
placebo (P < 0.001). Side effects were noted in the subjects who received BoNT; 
seven developed mild facial asymmetry which disappeared after seven weeks and 
three developed local facial swelling which subsided in a week.

In another double-blind, placebo-controlled study, Zhang et al [28] investigated 
and compared the efficacy of two doses of botulinum toxinA (Chinese toxin)—25 
and 75 units—in 80 patients with trigeminal neuralgia. The study had also a third 
arm (placebo arm) that included 28 patients. The technique of injection was identi-
cal to the first blinded study described above [27]. They included in the study, 
patients with mean VAS score of 6 and mean number of pain attacks/day of 4 or 
more. In all patients, the duration of TN exceeded four months.

Primary outcomes were assessed over eight weeks without altering the patients’ 
existing medications (carbamazepine, gabapentin, and opioids):

Fig. 10.2 Suggested sites 
of facial injection in 
trigeminal neuralgia (15 
sites). (Drawn by Tahere 
Mousavi, MD. From the 
figure presented in the 
manuscript published by 
Wu et al. 2002 [27])
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 1. Assessment of pain severity by VAS and pain attack frequency from baseline to 
endpoint.

 2. Patient perception of improvement assessed by Patient Global Impression of 
Change (PGIC) scale (1–7 scale)

 3. Determination of proportion of responders, defined as those with ≥ 50% reduc-
tion in mean pain score from baseline to endpoint

As to the VAS assessment, both 25 unit and 75 unit groups significantly improved 
the pain scores from week 1 to week 8 post injection compared to the placebo group 
(P < 0.01) (Fig. 10.3); there was no significant efficacy difference between the two 
groups (P < 0.05). Regarding the proportion of responders at week 8 post injection, 
the figures were 70.4% for the 25U group and 86.2% for the 75U group—both were 
significantly higher than the placebo group (32.1%) (P < 0.017). There was no sig-
nificant difference between the 25U and 75U groups (P > 0.05). PGIC score was 
improved or significantly improved—66.7% in toxin and 23.1% in the placebo 
group (P < 0.01), but again, there was no significant difference between the two 
groups with different toxin doses. Two patients in the 25 unit-toxin group developed 
transient edema at the side of injection that resolved within five days.

In the third double-blind, placebo-controlled study, Zuniga et al [29] tested the 
effect of onabotulinumtoxinA in 36 patients with trigeminal neuralgia unresponsive 
to conventional therapy for TN.

Patients presented with pain in V2 and V3 distributions. In the toxin group (20 
patients), those who had pain in V2 distribution received a total of 50 units injected 
subcutaneously and distributed over 16–18 sites, 1 cm apart. Those patients with 
additional V3 distribution received another 10 units into the ipsilateral masseter 
muscle. Patients in the saline group received the same volume of normal saline 
(1cc). At two months after toxin injection, the VAS score showed a trend toward 
significance in the OnaA group (P = 0.07), but at three months, the VAS score was 

Fig. 10.3 The VAS response curves of patients with TN to BoNT-A injection over 8 weeks com-
paring the effects of two doses of the BoNT-A with each other and placebo over 8 weeks. (From 
Zhang et al. 2014, J Headache and Pain. Reproduced by permission from PMC under creative 
commons attribution license)
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significantly lower in the onaA group compared to placebo (P = 0.01). Regarding 
pain paroxysms, both at two months and three months after toxin injection, the 
reduction in number of pain attacks was significantly more in the toxin group (P = 
0.02 and P = 0.01).

In the single-blind study of Shehata et al [30], 20 subjects with TN were random-
ized into BoNT-A and placebo groups. In the BoNT-A group subjects received sub-
cutaneous injections of 40–60 units of onabotulinumtoxinA into 8 to 12 points (5 
units per point) in the face. Primary outcome was a decrease in pain intensity at 12 
weeks measured by VAS compared to the placebo. At 12 weeks, the onaA group 
demonstrated a reduction of 6.5 points in VAS compared to 3 points in the placebo 
group (P = 0.0001). As a secondary outcome, quality of life also improved signifi-
cantly among patients in the BoNT-A group; more patients in the BoNT-A group 
were able to reduce the number of their pain medications.

In agreement with abovementioned blinded studies, several non-blinded, pro-
spective, and retrospective studies have suggested that subcutaneous or intradermal 
injections of BoNTs reduces intensity of pain in trigeminal neuralgia, as well as 
reducing the frequency of pain attacks [31–44]. Among patients with trigeminal 
neuralgia, individuals older than 70 or 80 years respond to toxin therapy similar to 
individuals who are younger than 60 years of age; BoNT injections may be a more 
reasonable approach in elderly who are sensitive to high doses of drugs such as 
carbamazepine, oxcarbazepine, baclofen, and gabapentin [43, 44] often used in TN.

Long-term studies of BoNT therapy in TN are scarcely available. In a study of 88 
patients, Li et al [40] assessed the efficacy and duration of the efficacy of treatment 
over 14 months. One month after the first treatment, close to 90% of the patients 
demonstrated reduction of both facial pain and frequency of pain attacks. The treat-
ment remained effective after each injection (every three months); at the end of the 
study, 25% of patients were free from facial pain.

Over the past few years, alternative injection techniques have been proposed for 
BoNT treatment of trigeminal neuralgia. One such technique is injecting the toxin 
into the sphenopalatine ganglion (SPG) [45–46]. In one study of 10 patients [45], 
Yoshida injected 50 units of botulinum toxinA into the SPG using a special CAD- 
CAM guide used in dentistry. He found that both mean VAS representing pain inten-
sity and mean pain frequency of the studied group improved significantly after the 
toxin injection (P < 0.01) (6.1 and 19.4 pre-injection values changed to 1.9 and 5.4 
post injection, respectively). The procedure was considered safe by the investigator. 
In another study of nine patients with TN [46], injection of 25 units of onabotu-
linumtoxinA into SPG reduced the pain intensity by 50% in four of nine patients 
and, in two additional patients, led to complete pain remission. However, pain fre-
quency did not change significantly in the majority of patients.

The literature in secondary trigeminal neuralgia is limited to anecdotal case 
reports. There are reports of patients with TN secondary to multiple sclerosis or 
caused by facial trauma in whom local injection of BoNT into the facial pain region 
alleviated patient’s discomfort [47, 48]. The following case is from the author’s 
experience with BoNT therapy in a recalcitrant post-traumatic case of trigeminal 
neuralgia.
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 Case Report

A 41-year-old woman was referred to the Yale Botulinum Neurotoxin Treatment 
Clinic for consideration of BoNT therapy for a disabling trigeminal neuralgia. She 
developed severe left-sided facial pain and headaches following a car accident 20 
years earlier. The pain was dull and deep at first but gradually transformed into 
bouts of sharp and jabbing pain lasting 15–20 seconds. Many factors provoked pain, 
especially exposure to cold environment. She reported several trigger points close to 
the nose and corner of the mouth, making application of make-up difficult. In “bad 
days,” pain affected the region around the left eye and made it “twitch.”

Patient had tried multiple medications for the pain including beta blockers, anti-
epileptic drugs, calcium channel blockers, nonsteroidal anti-inflammatory drugs, 
oxycodone, and acupuncture. She had had three surgical procedures in the past 
including decompression surgery via retro-mastoid craniotomy for relieving pres-
sure upon the trigeminal nerve, exploration for possible CP angle pathology (second 
surgery), and cortical stimulation for pain relief. None of the three procedures 
relieved her pain. Patient described constant daily facial pain with superimposed 
bouts of sharp pain. Past medical, family, and social history disclosed no issues of 
concern.

On examination, several trigger points were identified on the left side of the face 
close to the nose and left corner of the mouth. A total of 30 units of onaA were 
injected subcutaneously in 20 sites (1.5 units per site) into the V2 distribution. In 
addition, another 10 units (4 points) were injected into the left frontalis (2.5 units, 4 
sites) and five units into anterior temporal region (2.5 units at two points) (Fig. 10.4).

After two weeks, patient reported marked reduction in severity of pain (from 
level 9 in VAS to level 2) and 90% reduction in the frequency of sharp pains. This 
response lasted for five months at which time the severity of pain returned and 
required another injection that produced a similar effect. No side effects were 
reported. Patient described her experience as very satisfactory in the Patient Global 
Impression of Change (PGIC) scale 1–7 (7 being very satisfactory).

 Comment

Using the criteria of the Assessment Subcommittee of the American Academy of 
Neurology [49, 50], BoNT-A is efficacious (level A efficacy) for treatment of pri-
mary (classic) trigeminal neuralgia; based on two class I studies [27, 28]. As to the 
number of injections and effective dose, 15–20 subcutaneous facial injections with 
1.5–2 units injected per each site seems a reasonable and effective approach [27, 
28]. The treatment seems safe and is well tolerated. Minor facial asymmetry, a com-
mon side effect of the procedure, is accepted by the patients who are suffering from 
disabling bouts of pain; it is transient and resolves within weeks. In the the authors’ 
experience, out of the eight patients with recalcitrant trigeminal neuralgia, six 
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patients had either satisfactory or very satisfactory response and the other two failed 
to respond.

Blinded studies are needed in the area of secondary trigeminal neuralgia (e.g., in 
multiple sclerosis) where case reports suggest good response after BoNT therapy 
(see above). Admittedly, blinded studies in this area would be hard to do due to the 
small number of available patients.

Recently, there are reports from open label studies in small groups of patients 
claiming significant improvement of trigeminal neuralgia after BoNT-A injection 
into sphenopalatine ganglion [45, 46]. Although this technique is more cumbersome 
than subcutaneous facial injections of BoNT, blinded studies with sham injections 
into SPG are needed to confirm the efficacy of this mode of treatment in trigeminal 
neuralgia.

 Temporomandibular Disorder (TMD)

Temporomandibular joint disorders are a group of conditions related to pathological 
processes which affect the jaw and muscles of mastication [51]. Temporomandibular 
disorders may be myogenic or arthrogenic depending on the source of pathology. 

Fig. 10.4 Sites of 
onabotulinumtoxinA 
injections in case report 
with recalcitrant trigeminal 
neuralgia
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The former arises from myofascial involvement of masseter, lateral pterygoid, and 
temporal muscles, while the latter originates from pathology of temporomandibular 
joint. TMD is a common ailment, affecting 5–12% of the population [52]. Manfredini 
et al [53] reported the prevalence of TMD based on TMD’s underlying pathology: 
Disc disease 25%, myofascial masseter pain 12.9%, and inflammatory pain of tem-
poromandibular joint 8.9%. In a majority of patients, however, the underlying 
pathology is difficult to discern with certainty.

Pain is a major symptom of TMD. It can be localized to the temporomandibular 
joint with local tenderness on palpation, or it may be felt over the masseters as a 
myofascial pain syndrome. Some patients present with limitation of jaw opening 
often associated with disturbing jaw pain. In the case of a dislocated joint, the 
patient often experiences a clicking sound at the region of the joint upon jaw move-
ments. Associated headache is not uncommon and could take the form of tension or 
migraine headaches. Schiffman et al [54] indicated a sensitivity of 89% with speci-
ficity of 87% (P < 0.001) for the following two criteria in TMD headache: (1) tem-
ple area headache that changes with jaw movement and (2) provocation of headache 
by temporalis muscle palpation or jaw movement. Limitation of jaw opening can be 
confused with dystonia of jaw opening—a form of focal dystonia which also may 
cause pain. Additional forms of facial pain in TMDs also occur that at times take the 
form of sharp, fleeting pains, and can be confused with trigeminal neuralgia. The 
differential diagnosis includes other common conditions such as pain of sinusitis or 
root and muscle pain related to cervical osteoarthritis. The condition is often diffi-
cult to diagnose due to the overlap of symptomatology with aforementioned facial 
and neck pain disorders. Graff-Radford and Bassiur [55] suggest that clinicians 
should strongly consider the diagnosis of TMD if at least three of the following four 
features exist: (1) pain in the pre-auricular and temporal region brought on by func-
tions such as chewing; (2) pain on palpation over the TMJ; (3) joint noise such as 
clicking, popping, or crepitus; and (4) limited range of motion of the TMJ.

 Treatment

The first line of treatment for TMD includes noninvasive measures such as massage, 
warm compresses, and physical therapy. Physical therapy encompasses posture 
training exercises, joint mobilization, orthotic devices, and splint therapy. Other 
modes of treatment, such as electrotherapy, ultrasound, laser therapy, and acupunc-
ture, have also been employed, but their efficacy is in question [54]. Pharmacological 
agents such as nonsteroidal, anti-inflammatory drugs, muscle relaxants, tricyclic 
antidepressants, and antiepileptic analgesics (gabapentin, pregabalin) may provide 
partial relief. Opioid analgesics are used for recalcitrant pain but significant relief 
occurs only in half of the patients with noncancer-related pain [56]. Acute pain 
related to TMD may require intra-articular injection of lidocaine, hyaluronic acid, 
or corticosteroids [57]. Surgical intervention is considered the last resort and, 
depending on the pathology of TMD, consists of disc repositioning, repair of disc 
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perforation, disc recontouring, lysis of adhesions, and discectomy [58]. For TM 
joint arthritis, arthroplasty is sometimes performed [59]. Temporomandibular anky-
losis may require resection of the ankylosis block in combination with bilateral 
coronoidectomy[60].

 Botulinum Toxin Treatment of TMD

In 1997, Daelen et al. [61], as well as Moore and Wood [62] independently, reported 
that botulinum toxin A may prevent TM joint dislocation and relieve TMJ pain in 
patients with TMD due to masseter and lateral pterygoid spasticity. The former 
authors described a 56-year-old man with multiple sclerosis and frequent disloca-
tion of TM joint due to spasticity in whom administration of onaA into the masseter 
and lateral pterygoid muscles resulted in correction of dislocation and pain relief. 
The positive results lasted for four months and were reproducible with repeat injec-
tions. The patient reported by Moore and Wood [62] received 75 units of onaA into 
each lateral pterygoid muscle and had similar results lasting for 10 months.

Over the past 20 years, several open label retrospective studies have reported 
positive results of BoNT therapy in TMD supporting the results of earlier observa-
tions [63, 64, 65, 66, 67, 68, 69, 70, 71, 72]. Among the open label studies, the 
strongest support for the use of BoNTs in TMD comes from the observations of 
Song, Freund, and Blitzer in 200 patients treated in hospitals affiliated with 
Columbia University in New York City and Harvard Medical School in Boston [73]. 
In this population, they reported a success rate of 60% with onabotulinumtoxinA 
injection in temporomandibular disorder [73]. Their protocol required injection of 
both masseter and temporalis muscles. Each masseter was injected with a total of 50 
units at 5 points, whereas each temporalis muscle was injected in four points 
[Fig. 10.5].

Lateral pterygoid muscles [LP] are another target for treatment of temporoman-
dibular joint disorders. Lateral pterygoid muscle helps in protrusion of the jaw and 
is often involved in producing symptoms of TMD. Blitzer prefers intra-oral injec-
tion of LP guided by electromyography. The advocated dose of onabotulinumtox-
inA for intra-oral injection of lateral pterygoid in TMD is 7.5–10 units for each side 
[74]. MRI-guided LT injections may provide better precision [75].

Three published blinded studies have provided data on the efficacy of BoNT 
injections in TMD. In one study [76], 24 patients with TMD with symptoms refer-
able to the masseters and temporalis muscles were randomized to BoNT-A and 
saline groups. The investigators injected onabotulinumtoxinA (Botox) under elec-
tromyographic guidance into the masseter (3 sites, 10 units per site) and temporalis 
(two sites, 10 units per site) muscles. Patients were evaluated with a biobehavioral 
questionnaire that included assessment of pain (questions 5–7), disability (questions 
11–13) and psychosocial status (questions 20) at baseline, 14 and 28 days after 
injection. Compared with baseline, only question 20 (at 28 days after injection) 
noted a trend for psychological improvement in the toxin group (P = 0.06). The 
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placebo group showed several trends toward significance; the placebo results 
showed significance (P = 0.027) for improvement of disability at day 14 post 
injection.

Ernberg et al. [77] conducted a double-blind, crossover multicenter study on 21 
patients with TMD who met the Research Diagnostic Criteria for Temporomandibular 
Disorders (RDC/TMD) [78]. The group was heterogeneous, but most patients had 
myofascial pain in the masseter region. A total of 50 units of BoNT-A (onaA) were 
injected into the masseter muscles. Subjects were tested with a variety of scales for 
pain, quality of life, and psychosocial effects. Regarding pain, a 30% decrease in 
VAS was considered significant since this degree of pain reduction has been shown 
to correspond to a “much improved” state reported by patients in the patient global 
impression of change (PGIC); 50% reduction would correspond to “very much 
improved” [79]. Weekly change in VAS (30% or more) was considered as the pri-
mary outcome of the study. Both onaA and placebo improved pain by 30% or more, 
but the difference between the two groups was not statistically significant. Authors 
mentioned several shortcomings of the study which included the small number of 
patients and injections limited to the masseter muscles.

Patel et al [80] conducted a double-blind, placebo-controlled study with inco-
botulinumtoxinA (incoA) injections in 20 patients with TMD. The design of the 
study was crossover. The authors hypothesized that TMD of their patients was due 
to hyperfunction or spasms of masseter, temporalis, and lateral pterygoid muscles. 
IncoA was injected bilaterally into masseter (50 units/side), temporalis (25 units/

Fig. 10.5 Sites of 
temporal and masseter 
injections advocated by Dr. 
Blitzer et al. and his 
colleagues for treatment of 
TMD. (Published by Mor 
et al. in Toxins 2015. 
Reproduced for publication 
under creative commons 
attribution license)
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side), and lateral pterygoid (10 units/side) muscles. The total dose per patient was 
170 units. The primary outcome of the study was a significant decrease in pain scale 
(VAS, 1–10) in the toxin group compared to placebo. Pain measured by VAS and 
pressure-induced tenderness of the temporalis muscle were assessed at baseline and 
then every four weeks up to week 16 post injection. Four weeks after injection, the 
difference in reduction of pain score between incoA and placebo group was statisti-
cally significant. The mean VAS reduction (scale of 1–10) was 4.5 for incoA and 1.7 
for the placebo group (P = 0.009). The average pain score for weeks 2, 3, and 4 post 
injection remained also significantly lower for toxin group when compared to base-
line. For composite masticatory muscle pain to palpation score, at one month post 
injection, the muscle pain on palpation was significantly reduced in the onaA group 
compared to the saline group (P = 0.003).

Several communications have indicated the usefulness of BoNT injections in 
TMD in conjunction with surgical procedures and surgical intervention. In a study 
of 20 patients with TM pain and TM joint ankylosis, injection of BoNT-A into mas-
ticator muscles led to reduction of pain during post-surgical physiotherapy [81]. 
Altaweel et al [82] have found intra-oral injection of lateral pterygoid muscle help-
ful in reducing pain and discomfort associated with TM joint disc displacement 
requiring reduction surgery [82]. Yoshida [83], in a study of 32 patients with recur-
rent TM joint dislocation, also found injection of BoNT-A into lateral pterygoid 
muscle effective and safe specifically in the group with habitual dislocation (versus 
neurogenic dislocation). In another study [84] of 52 patients, injection of the mas-
seter and temporalis muscles with BoNT-A led to significant reduction of pain asso-
ciated with arthroplasty compared to the control group (P = 0.04). Other investigators 
have found that injection of botulinumtoxin-A into the masseter and temporalis 
muscles improves pain scores (measured by VAS) and maximum interincisal open-
ing (MIO) when used as an adjunct to arthrocentesis in patients with TMD [85].

In a retrospective review of 25 patients who received BoNT injections for treat-
ment of TMD, the authors found that those with localized pain were better respond-
ers than those with referred pain (69% vs. 16.7% P = 0.017) [86]. No serious side 
effects were mentioned in the above-discussed studies of BoNT injections in TMD 
[60–86]. Most authors commented specifically on the safety of this mode of therapy.

Recently, few studies have reported on mandibular bone loss after injection of 
BoNTs into the massater muscles for TMD [87–89]. Raphael et al [87] were the first 
group to report this issue. They compared the bone density of jaw tubercle in seven 
patients who had two or more injections of BoNT into masseter muscles for TMD 
with nine patients who did not have BoNT injections. All seven patients in the 
BoNT injected group demonstrated reduced bone density, whereas none in the con-
trol group had any such reduction. Balant-Melo et al [88] studied the bone density 
of condylar bone in mice after injection of BoNT into the masseter muscle. Two 
weeks after injection, the authors noted significant bone loss in the mandibular con-
dyle ipsilateral to the masseter injection, whereas the massater injection with saline 
on the contralateral side caused no bone loss. These authors, in a later communica-
tion [89], reviewed the literature on the issue of mandibular bone loss after BoNT 
injection into the masseter muscle and discussed in detail the involved metabolic 
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mechanisms. They suggested that, based on the animal data from the literature, the 
potential for mandibular bone loss needs to be mentioned to the patients before 
contemplating botulinum toxin injections into the masseter muscle for TMD 
treatment.

 Comment

The data from open label studies [61–75] strongly suggest that BoNT injections into 
masseter, temporalis, and lateral pterygoid muscles alleviate spontaneous and 
pressure- induced jaw pain and function in patients with TMD; furthermore, in the 
applied doses, these injections are devoid of serious side effects. Some studies have 
even found improvement of quality of life in patients with TMD after BoNT injec-
tions into masseter and temporalis muscles [90]. Surprisingly, the number of blinded 
and placebo-controlled studies in this common and disabling pain disorder is very 
limited (only 3) [76, 77, 80]. The results of these studies indicate modest improve-
ment of pain and function after BoNT injections. There are, however, issues with 
these studies that interfere with proper interpretation of the data. Two studies [76, 
77] have shown a strong placebo effect, a factor that clouds conclusions about the 
toxin effect assessment. In one study [77], injections were limited to the masseter 
muscle only. All three studies have been conducted in a small number of patients. In 
the study of Patel et al [80], the toxin group (incoA) demonstrated significant pain 
reduction at four weeks post injection compared to placebo, while at weeks 8,12, 
and 16, both toxin and placebo significantly reduced pain (albeit the response was 
stronger in the toxin group); the difference between the two groups after week 4 was 
not statistically significant. If the study group were larger, the response beyond four 
weeks might have reached significance in the toxin group.

Our experience at Yale over 12 years with a sizeable number of patients (approxi-
mately 100) agrees with the experience of Blitzer group (200 patients) from 
Columbia University [73] in which 50–60% of patients with recalcitrant oroman-
dibular disorder experience satisfactory pain relief and improvement of jaw func-
tion after botulinum toxin injections [Patient 10-2]. The injections need to include 
both masseter and temporalis muscles. Additional injection of lateral pterygoid is 
also desirable. The dose in the case of onabotulinumtoxinA for each masseter mus-
cle is 40–50 units, and 25–30 units for each temporalis muscle. In the case of ptery-
goid muscle, 7.5–10 units per side are advocated for intra-oral injection [73]. In 
most of our patients, we injected the lateral pterygoid extraorally, identifying the 
muscle by palpation (upon jaw opening) or EMG slightly anterior to the temporo-
mandibular joint and below the posterior rim of the zygomatic arch. For extraoral 
injection, we have used 20 units per pterygoid muscle. In our experience, also noted 
by others, the injections caused no serious side effects in TMD and were tolerated 
well by the patients.

There is clearly a need for multicenter, randomized, double-blind, placebo- 
controlled studies in order to establish the efficacy of BoNT injections in TMD. Such 
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studies, when conducted in large cohorts can look specifically into BoNT action in 
subgroups of TMD such as those with strictly myofascial pain, those with surgical 
indications (subluxation, arthrosis, ankylosis), and so forth. Such large, multicenter 
studies should employ the technique and doses which have already been reported to 
be effective in sizeable, carefully designed open label observations [73]. The issue 
of mandibular bone loss after masseter injection [87, 88, 89] also deserves attention 
and further exploration.

In recent years, several review articles, some of which included or attempted data 
meta-analysis, have been published on the subjects of BoNT therapy in TMD [90–
95]. A majority of these reviews acknowledge the encouraging data from the current 
literature regarding treatment of TMD symptoms with BoNTs, but also emphasize 
the need for multicenter, blinded, placebo-controlled studies in this area.

Other important causes of pain in trigeminal distribution such as bruxism and 
dental pain are discussed in Chap. 17 (Botulinum Toxin Treatment in Dentistry) of 
this book.

 Case Report (10-2)

A 29-year-old female visited the Yale Botulinum Toxin Treatment Clinic for evalu-
ation of jaw stiffness, tenderness over right masseter, temporomandibular joint, and 
right-sided headaches. She noted the onset of her symptoms about 8 years ago. The 
symptoms gradually increased in severity. The headaches, in particular, became dis-
abling occurring almost daily with marked exacerbations several times per week. 
During swallowing and chewing, she often heard a clicking sound bilaterally. 
Treatment with a variety of analgesic medications including tricyclic antidepres-
sants, nonsteroidal anti-inflammatory agents, and anti-epileptic drugs failed to 
relieve the pain. She did not smoke or drink alcohol and did not use illicit drugs.

The general medical examination was normal. Opening and closing of the jaw 
caused discomfort. The regions of right masseter and temporalis muscles were ten-
der to touch. Neurological examination including assessment of cognition, cranial 
nerves, motor and sensory systems, cerebellar testing, speech, gait, stance, and 
reflexes was normal. A detailed ear-nose and throat evaluation showed no abnormal-
ity. Imaging studies of the brain and TM joints were normal. OnaA was injected 
bilaterally into the masseter and temporalis muscles (Fig. 10.6). The dose per mas-
seter muscle was 40 units (divided into two 20-unit injections at two sites), while the 
dose per temporalis muscle was 20 units per side (two injections, each 10 units). A 
week after the injection, the patient reported marked reduction of jaw stiffness, mas-
seter pain, and headaches denoting 90% improvement of her symptoms. In global 
impression of change (1–7 scale), her impression was 7 (very much improved). The 
improvement lasted for three months. Repeat injections over a year of follow-up 
(every 4 months) had the same effect.
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Chapter 11
Botulinum Neurotoxins for Relief of Pain 
Associated with Spasticity

 Introduction

Spasticity is a clinical condition caused by damage to the central nervous system 
(brain or spinal cord) and characterized by a velocity-dependent increase in stretch 
reflex (muscle tone) in the absence of volitional activity [1]. Many affected patients 
also demonstrate pathological reflexes and signs (Babinki, Wartenberg) indicating 
CNS damage. Spasticity occurs in 38% of patients with stroke [2], half of patients 
with spinal cord injury [3], and one-third of patients with brain injury [4]. Rizzo 
et al. [5] found mild to severe spasticity (19% mild, 17% moderate, 13% severe) in 
49% of 513 patients surveyed from North American registry for multiple sclerosis. 
In one-third of the group, impairment of quality of life could be attributed to spastic-
ity. Lower limb spasticity has been reported in one-third of adults after stroke, half 
to two-thirds of patients with multiple sclerosis, and three-quarters of children with 
cerebral palsy [6].

Increased tone and stiffness of muscles in spasticity limits and slows limb move-
ments and, when present in the lower limbs, interrupts ambulation. Progressive 
spasticity causes muscle shortening and contractures with loss of muscle contraction- 
relaxation mechanism and further limitation of movements. Treatment is aimed at 
reducing muscle tone, preventing complications, and alleviating pain. The incidence 
of pain in spasticity has not been sufficiently investigated. In some patients, 
spasticity- related pain (SRP) is quite severe and may become more disabling than 
the spasticity itself.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99650-5_11&domain=pdf
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 Pathophysiology of Spasticity and Spasticity Related 
Pain (SRP)

The pathophysiology of spasticity has been reviewed in a comprehensive two-part 
article by Jean-Michael Gracies [7, 8]. In brief, damage to the central nervous sys-
tem leads to acute and chronic changes. The acute effects include paresis and short- 
term immobilization, whereas chronic effects include plastic rearrangements in the 
CNS as a result of either CNS injury and/or chronic disuse (Fig.  11.1). These 
changes influence the innervation of the muscles and the reflex arch leading to spas-
ticity, spastic dystonia, and spastic co-contractions. The end result is muscle short-
ening and contracture caused by chronic spasticity and muscle disuse.

The exact mechanism through which a state of muscle hyperactivity and spastic-
ity develops after CNS injury is still unclear. As emphasized by Gracies [7], exten-
sive sprouting and new synapse formation may play an important role in inducing 
overactive stretch reflex since the new connections are often hyperexcitable and 
may act differently from those lost secondary to the CNS damage [9]. There is some 
evidence for both decreased reciprocal Ia inhibition (which inhibits alpha motor 
neurons via a disynaptic interneuron) and decreased Ib, non-reciprocal inhibition 
(which via activity of Golgi tendons limits limb extension), suggesting contribu-
tions from these mechanisms to the increased stretch reflexes in spasticity [10]. 
Furthermore, muscle immobility (as seen in spastic paresis), increases the discharge 
of muscle spindles [11] which via the gamma system can lead to increased stretch 
reflexes and increased muscle tone. Finally, electrophysiological studies of patients 
with spastic hemiplegia indicate hyperexcitability of small group II afferents (origi-
nating from muscle spindle’s secondary endings) which in a normal state inhibit 
motor neurons via spinal interneurons [12]. The function of these type II afferents is 

Fig. 11.1 The site of 
onabotulinumtoxinA 
(Botox) injections in case 
11–1. (Drawing courtesy 
of Damoun Safarpour MD)
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modulated and inhibited by descending rubro- and vestibulo-spinal pathways that 
often get damaged in CNS injuries.

On the other hand, Renshaw cell inhibition (RCI) and direct alpha motor neuron 
hyperexitability do not seem to play a major role in spasticity. In fact, in human, 
RCI has been shown to increase after CNS damage and in the presence of spastic-
ity [13].

The pain associated with spasticity could be musculoskeletal directly related to 
spasticity and/or neuropathic as a result of the causative factor (e.g., spinal cord 
injury) [14]. Several mechanisms may cause musculoskeletal pain in spasticity. 
Some spasticity-related pain (SRP) occurs in the form of muscle spasms caused by 
increased muscle tone and enhanced reflex activity. Alternatively, the pain could 
arise from the affected joints that are limited in movement by the attached stiff, 
spastic muscles. The frequent pain from spastic muscles and painful joints can also 
set in motion spinal and supraspinal circuits which cause central sensitization lead-
ing to pain chronicity (Chap. 2). In small children, adductor spasticity could lead to 
hip subluxation and pain [15].

 Treatment of Spasticity

Treatment of spasticity includes pharmacological and nonpharmacological 
approaches. Often the two are used to complement each other.

 Nonpharmacological Treatment of Spasticity

As a noninvasive approach, physiotherapy is widely used for treatment of spasticity. 
It is generally believed that physiotherapy strengthens antagonist muscle groups and 
reduces muscle overactivity helping to prevent muscle shortening. The commonly 
used techniques used in physiotherapy include stretching, direct tendon pressure, 
heat and cold application, electrical stimulation, vibration, and casting. Although 
commonly used and believed to be helpful, high-quality studies evaluating the effi-
cacy of physiotherapy in large cohorts of patients with spasticity are not available.

 Pharmacological Therapy

Pharmacological agents, through different mechanisms, reduce the tone of muscles 
and improve spasticity. The commonly used drugs for treatment of spasticity include 
gabaergic agents, such as baclofen and benzodiazepines. Tizanidine, an alpha 
adrenergic drug, is also used widely [16–22]. Unfortunately, severe spasticity often 
requires larger doses of these medications that are beset by emergence of 

Pharmacological Therapy
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undesirable side effects (sedation, hypotension). Severe and advanced cases of spas-
ticity (especially in the lower limb) may require baclofen pump placement. Although 
treatment of spasticity may alleviate the associated pain, in most cases, pain relief 
requires addition of analgesic medications. The commonly used pharmacological 
agents used for associated pain include tricyclic antidepressants, nonsteroidal anti- 
inflammatory agents, and, in severe cases, opioid analgesics.

 Procedural Approaches and Surgical Interventions

Electropuncture, transcranial, and trans-spinal stimulations have produced positive 
results in small clinical trials. Recently, several small, randomized clinical trials 
have shown the efficacy of extracorporeal shock wave therapy (ESWT) in spasticity. 
The mechanism through which applying shock waves to the muscle reduces spastic-
ity still needs to be elucidated [23].

Selective dorsal rhizotomy is reserved for those patients with spasticity who do 
not respond to conventional pharmacological treatment. In children with cerebral 
palsy, selective dorsal rhizotomy can prevent hip dislocation by reducing severe 
spasticity [24–26].

 Botulinum Toxin Studies in Spasticity That Have Included 
Assessment of Pain

This section covers the randomized, double-blind, placebo-controlled studies that 
have specifically assessed pain in adults’ upper and lower limb spasticity and 
spasticity- related pain of children with or without cerebral palsy. The relevant litera-
ture was searched through Medline up to October 1st 2021. The results are sum-
marized in tables and commented on in the conclusion paragraph of each section.

 Upper Limb Spasticity-Related Pain in Adults

During the past 15 years, publication of research data from multicenter trials of 
BoNTs led to approval of ona, abo, and incobotulinumtoxinA (Botox, Dysport, 
Xeomin) by FDA for treatment of spasticity [27] [Table 11.1].

More recent studies provided data on duration of response to botulinum toxin 
therapy, sustainability of response with repeated injections, as well as effects of 
early versus late treatment in spasticity [28–30]. Real-life/real-world studies in a 
sizeable number of patients also supported the positive results of botulinum toxin 
therapy in spasticity concurring with the data from blinded studies [31]. 

11 Botulinum Neurotoxins for Relief of Pain Associated with Spasticity
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Meta-analysis of data provided by blinded studies also support the efficacy of dif-
ferent BoNTs in treatment of spasticity, as well as improvement of the patients’ 
quality of life [32, 33]. In general, BoNT therapy in spasticity is safe, and serious 
side effects for onabotulinumtoxinA and incobotulinumtoxinA—even at doses as 
high as high 800–1200 units per session—are rare [34, 35]. In a large study which 
assessed incidence of bleeding in 1138 patients on antithrombotic therapy who had 
received BoNT injections, the incidence of bleeding was not higher than those 
patients who did not receive antithrombotic therapy (0.9% vs. 1.4%) [36].

The incidence of pain associated with upper limb spasticity still remains to be 
elucidated. In one study, 38.1% of 42 patients with upper limb spasticity complained 
of associated pain. The pain is often musculoskeletal in type, but depending on the 
pathology, some patients may experience neuropathic pain [37].

Eleven double-blinded, placebo-controlled studies of upper limb spasticity 
included pain assessment in their investigational design and reported the effect of 
BoNT therapy on spasticity-associated pain [38–48] [Table 11.2]. As can be seen in 
Table 11.2, studies that included assessment of pain used different pain scales. Five 
of 11 studies assessed pain via visual analogue scale (VAS). Two studies assessed 
pain via a subscale of disability assessment scale (DAS). This is a 0 to 4 scale that 
has pain as one of its four subscales (mobility, posture, dressing, pain). One study 
used McGill pain questionnaire short form (MGPQSF). The other three studies 
assed pain either by 0–3 or 0–5 scale.

Table 11.1 Clinical indications approved by FDA for botulinum toxins marketed in the 
United States

Generic and trade 
names Abbreviation Manufacturer

Approved 
indication (FDA)

Year of FDA 
approval

OnabotulinumtoxinA;
Botox

OnaBoNT-A Allergan -Inc;
Dublin, Ireland

Upper limb 
spasticity;
Adult lower limb 
spasticity;
Pediatric upper 
limb spasticity

2011
2017
2019

IncobotulinumtoxinA;
Xeomin

incoBoNT-A Merz pharma
GmbH & co;
Frankfurt,
Germany

Adult upper limb 
spasticity;
Children upper 
limb spasticity

2015
2020

AbobotulinumtoxinA;
Dysport

aboBoNT-A Ipsen 
pharmaceutical;
UK

Adult upper limb 
spasticity;
Pediatric lower 
limb spasticity;

2015
2017

Adult lower limb 
spasticity

2019

Upper Limb Spasticity-Related Pain in Adults
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 Comment

All four studies that used VAS as pain efficacy assessment reported efficacy of abo-
botulinumtoxinA in alleviating spasticity-associated pain. Using the efficacy assess-
ment criteria of the American Academy of Neurology [49, 50], the level of evidence 
for efficacy for aboA in spasticity-related pain of upper limb (using VAS for pain 
assessment) is A (established efficacy) based on the availability of two or more class 
I studies. The delayed efficacy (at 12 months, probably after third injection) in the 
study of Shaw et al. [43], [Table 11.1] might be related to the small dose of aboA 

Table 11.2 Double blind, placebo-controlled studies of BoNT’s effects on upper limb spasticity 
that reported on BoNT’s effect on spasticity-associated pain

Author,
year #Pts

Study
class Toxin

Dose
units

Pain 
scale Result Comment

Bakheit et al., 
2001 [38]

59 I aboA 1000 0–3 No improvement Pain scale, 
not standard

Childers 
et al., 2004 
[39]

91 I onaA 90,
180,
360

0–5 No improvement Pain scale, 
not standard

Suputtitada 
et al., 2005
[40]

50 I aboA 375,
500,
1000

Pain 
scale

Significant improvement

Marco et al., 
2007
[41]

31 I aboA 500 VAS Pain improved (P = 0.001) 
at 1, 2, 3, 4 months 
post-injection

Yelnik
Et al., 2007
[42]

20 II aboA 500 VAS Pain improved (P = 0.025) 
at 4 weeks post-injection

Shaw et al., 
2011 [43]

353 I aboA 100,
200

VAS Pain relief at 12 months 
post-injection (P = 0.002), 
but not at 1 & 3 months

Rosales et al., 
2012 [44]

163 I aboA 500 VAS Pain reduction (P < 0.05) 
at 4 and 24 weeks, 
post-injection

Lam et al., 
2012 [45]

55 I aboA 1000 0–5 No improvement Pain scale, 
not standard

Marciniak 
et al., 2012
[46]

37 I onaA 140,
200

MPQSF No improvement

Elovic et al., 
2016 [47]

465 I incoA 400 DAS Significant improvement,
42% versus 28% placebo 
(P = 0.0007)

Abo et al., 
2020 [48]

131 I onaA 400, 
250

DAS In both toxin groups DAS 
slightly decreased 
compared to placebo

onaA onabotulinumtoxinA(Botox), aboA abobotulinumtoxinA (Dysport), rimaB rimabotulinum-
toxinB (Myobloc), VAS Visual analogue scale, MGPQSF McGill Pain questionnaire short form, 
DAS disability assessment scale (0–4 scale including four subscales, one being pain)
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used by the investigators (100 and 200 units vs. 500 and 1000 units used by others) 
and emergence of a better response after repeated injections. Such better late effect 
after repeat injections has been reported in other pain indications after BoNT treat-
ment, especially with onaA administration in chronic migraine [51]. The efficacy of 
aboA in relieving spasticity-related pain is supported by a large prospective, open 
label European study [52] of 408 patients in which 58.9% of the patients reported 
pain relief. Evaluation of the efficacy of the other forms of botulinum neurotoxin in 
spasticity-related pain deserves further investigation via placebo-controlled studies.

 Case 11–1

A 65-year-old gentleman had suffered an acute cerebral infarct and left hemiparesis 
three years earlier. The left-sided weakness gradually improved with physical ther-
apy and regular exercise. He visited Yale Botulinum Toxin Treatment Clinic for 
evaluation and management of spasm and pain in the left pectoralis major and left 
trapezius muscles. The pain was constant for the past six months, but also occurred 
in the form of intermittent spasms. The pain interfered with his sleep and daily 
activities.

On examination, the left shoulder was elevated, and the left trapezius muscle 
demonstrated increased tone. The left pectoralis major muscle was also spastic, and 
its increased tone at rest caused overadduction of the left arm. Under electromyo-
graphic guidance, 120 units of onabotulinumtoxinA were injected into the trapezius 
and pectoralis muscles—each muscle received 20 units at three sites for a total of 
60 units (Fig. 11.1). After one week, the patient reported cessation of spasms and 
marked improvement of daily discomfort. Repeat injections every three months 
remained effective post initiation of injection therapy during a close follow-up 
period of four years.

On the Patient Global Impression of Change scale (PGIC), a 1–7 scale (7 being 
very satisfactory), patient-rated his response to BoNT therapy as 7. There were no 
side effects after abobotulinumtoxinA injection. In particular, the injected dose 
caused no demonstrable weakness.

 Lower Limb Spasticity-Related Pain of Adults

Pain assessment after BoNT injection has been ignored in several large studies of 
adult cohorts with lower limb spasticity [53–55]. Several open label and observa-
tional reports described improvement of spasticity-associated pain after BoNT 
injection into the lower limb muscles [56–59]. We found only five double-blind, 
placebo-controlled studies [60–63] that specifically included pain assessment and 
results after BoNTs treatment of lower limb spasticity (Table 11.3).

Lower Limb Spasticity-Related Pain of Adults
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Hyman et al. [60] studied 74 patients with lower limb spasticity stratified into 
four groups: placebo group and three groups receiving aboA with doses of 500, 
1000, and 1500 units, respectively. The frequency of muscle spasms was assessed 
among secondary outcomes. The authors reported that after aboA injection, the fre-
quency of muscle spasms improved in all three groups that received different doses 
of aboA. The difference between the groups as to the magnitude of pain relief was 
not significant.

Another group of investigators [61] used the same study design assessing effi-
cacy of aboA in calf spasticity after stroke. The study encompassed a much larger 
group of patients (234 from 19 centers), stratified into four groups of placebo and 
aboA toxin (500, 1000, and 1500 units). Injections were made at four points into the 
gastrocnemius muscle. The authors used a 0–3 scale for severity of pain. No pain 
relief was seen in the placebo group. All three aboA groups reported significant pain 
relief which was more notable at 8  weeks with 1000  units (P  =  0.0019) and 
1500 units (P = 0.0066), but also at four weeks (P = 0.0044 and P = 0.0040, respec-
tively) and 12 weeks (P = 0.0128 and P = 0.0488, respectively). A lower level of 
pain relief was noted at eight weeks in the group receiving 500 units (P = 0.0222).

Table 11.3 Double-blind, placebo-controlled studies that included pain assessment and reported 
the results in patients with lower limb spasticity

Authors 
and date

Study 
class

# 
pts Toxin Dose Scale Result Comment

Hayman 
et al., 
2000
[60]

I 74 aboA 500,
1000,
1500

Frequency 
of spasms

Frequency improved 
in all groups. No 
difference between 
three doses

No statistical 
values provided

Pittock 
et al., 
2003 [61]

I 233 aboA 500,
1000

0–3 scale 1000 units group: 
Pain relief at 4,8 and, 
12 weeks 
(P < 0.005);
500 units group: Pain 
relief at 4 weeks 
P < 0.005)

Dose- dependent, 
longer response.

Gusev 
et al., 
2008
[62]

II 55 aboA 500–
750

VAS Significant pain 
reduction in BoNT 
group (P < 0.05)

Dunne 
et al., 
2012
[63]

I 85 onaA 100,
200

VAS and 
spasm 
frequency

Both VAS and spasm 
frequency improved 
(P = 0.02 and 0.01, 
respectively)

Wein 
et al.,
2017
[64]

I 468 onaA 300 VAS No pain relief during 
blinded phase

Pain improved 
during open label 
phase over three 
cycles

AboA abobotulinnumtoxinA (Dysport), OnaA onabotulinumtoxinA (Botox), VAS Visual ana-
logue scale
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Gusev et al. [62] studied the effect of aboA injections units into the adductor 
muscles of each leg in 55 patients with multiple sclerosis. The toxin dose varied 
from 500 to 750  units depending on the severity of spasticity and the patient’s 
weight. Patients in the toxin group demonstrated significant pain relief compared to 
the placebo group (P < 0.05).

Dunne et al. [63] investigated the efficacy of onabotulinumtoxinA in 85 patients 
(multicenter study) with painful plantar flexor/invertor spasticity after stroke. The 
frequency of painful spasms was assessed before and after treatment. Three study 
groups were designed to receive saline, 100 or 200  units of onabotulinumtox-
inA.  The onabotulinumtoxinA-injected subjects showed significant reduction of 
spasm frequency (22/54 vs. 4/29, P  =  0.01), pain reduction (8/54 versus 1/29, 
P = 0.02), and increased active dorsiflexion (8/54 versus 1/29 P = 0.03).

Wein et  al. [64] conducted a randomized, blinded study on 463 patients with 
lower limb spasticity. The blinded arm of the study lasted for 12 weeks and then was 
followed by an open label arm for 48 weeks covering three cycles of injections. Pain 
was assessed as a secondary outcome by visual analogue scale (VAS). Toxin (onaA) 
injections were performed into plantar flexors of the foot (gastrocnemius and 
soleus). The injection dose paradigm was flexible using 100–300 units (majority of 
patients received 300 units). The authors noted no significant pain relief at the pri-
mary evaluation point (6 weeks) of the blinded arm of the study. However, patients 
reported pain relief during all three cycles of the study’s open label arm over the 
following 48 weeks.

 Case 2

A 42-year-old man with 16 years history of remitting/relapsing multiple sclerosis 
complained of stiffness and pain in his left big toe. The toe became gradually dorsi-
flexed and would not fit easily in the shoe. Physiotherapy slightly helped, but the 
problem persisted and interfered with his quality of life. The patient was injected 
with 100 units of onaA at two points (50/point) into the left extensor hallucis longus 
under EMG guidance [Fig. 11.2]. Two weeks following onaA injection, he reported 
significant pain relief and loss of toe stiffness. He was followed with good results 
from quarterly injections in the Yale Botulinu Toxin Clinic for four years.

 Comment

Information from blinded studies on the effects of BoNT therapy on spasticity- 
related pain in the lower limbs of adults is limited. Using the efficacy criteria of the 
American Academy of Neurology [51, 52], a level B efficacy (probably effective) 
can be given to aboA based on availability of one class I study [61]. The same effi-
cacy rating applies to onaA (one class I study), Dunne et al. 2012 [63]). The study 
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of Hyman et al. [60] is hard to interpret due to the fact that both the placebo and 
toxin improved pain significantly. Such finding implies a large placebo effect and 
does not allow proper efficacy assessment. In the study of Wein et al. [64], although 
the patients blinded arm of the study did not show pain relief, during the open arm 
of the study, pain relief after onaA injection was noted over all three cycles.

 Effects of BoNT Treatment on Pain of Children with Cerebral 
Palsy and Spasticity

Cerebral palsy (CP) is characterized by a heterogeneous group of muscle and 
posture disorders often caused by anoxic and traumatic brain damage that had 
occurred during the first two years of life. The incidence of cerebral palsy is 
2/1000 live births worldwide [65]. Majority of the children affected by CP develop 
spasticity over time. Approximately 76% of young adults with cerebral palsy 
complain of chronic pain [66]. Spasticity and pain often co-exist in cerebral palsy. 
Untreated spasticity can lead to muscle contracture and fixed limb posture that can 
also enhance pain.

Fig. 11.2 The site of injections in patient 2. (Drawing courtesy of Damoun Safarpour, MD)
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Several open label and observational studies have reported reduction of pain fre-
quency and intensity after BoNT treatment in children with cerebral palsy [67–71].

In a study of 26 children with CP, spasticity, and hip pain [68], investigators 
injected either onaA (9 children) or aboA (17 childern) into adductor magnus, ham-
string, and ileopsoas muscles. The dose per session was up to 12 units/kg of body 
weight for onaA and up to 30 units/kg for aboA. The pain was measured by pediat-
ric pain profile. Injection of both neurotoxins resulted in marked reduction of pain 
at three months (P = 0.001).

Rivard et al. [69] asked the parents of 34 children with CP (mean age 9) and 
spasticity-related pain about the intensity and frequency of pain after BoNT-A 
injection into spastic muscle. The parents reported cessation of pain at week 4 in 
62% of the children.

A multicenter, prospective, observational study from France [70] reported on 
treatment of 286 children suffering from CP with botulinumtoxinA, followed for 
12 months. Administration of botulinumtoxinA improved range of motion, move-
ment capacity, gait, and spasticity-related pain.

In very young children, cerebral palsy with bilateral proximal lower limb spastic-
ity often causes hip dislocation resulting in significant pain, impaired ambulation, 
and disability. In a study of 98 children, Pascal-Leone from La Paz hospital in 
Mardid [71] found continuous worsening of lateral hip migration in 86% and full 
subluxation in 11.4%. Administration of BoNT into hip adductor and iliopsoas mus-
cles stopped the progression in 74% of the children via reduced spasticity and 
reverted the condition in another 14%. The author advocates early and aggressive 
treatment, every three to four months to prevent this complication.

Blinded studies are difficult to perform in small children. Only a few blinded 
studies of BoNT effect in cerebral palsy included pain assessment and reported the 
results (Table 11.4).

In the year 2000, Barnwood et al. reported on the results of a prospective, ran-
domized, double-blind study in 16 children with CP and spasticity who were under-
going adductor release procedure [72]. The children were diplegic or quadriplegic 
with a mean age of 4.7 years. The surgery was performed in order to prevent hip 
subluxation. The authors used onabotulinumtoxinA (onaA), Allergan Inc., prepared 
as 10 units/0.1 cc (100 unit vial diluted with 1 cc saline). Each adductor muscle was 
injected at two sites (2 units/kg per site) for a total dose of 8 units/kg, 5 to 10 days 
before surgery. The patients in the onaA group did considerably better in respect to 
postoperative care, reduction of analgesic requirement, and shortening the length of 
hospital stay. The mean pain score in the onaA group showed a reduction of 74% 
(P < 0.003), and patients’ analgesic requirement dropped approximately by 50% 
(P < 0.005). The onaA group also had significantly shorter length of hospital stay 
with 33% reduction in length of stay (P < 0.003).

Copeland et al. [73] studied 41 nonambulatory children with advanced spasticity 
and cerebral palsy. The study was prospective and double-blind. The mean age of 
the children was 7.1 years. Twenty-three children received BoNT-A and 18 received 
a sham procedure. The efficacy of injections was assessed during a 12-month fol-
low- up period by physicians using a Modified Ashworth Scale, joint range of 
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motion, Physician Rating Scale, Gillette Functional Assessment Questionnaire, and 
Gross Motor Function Measure-66, by patients/parents (Visual Analogue Scale) and 
the pediatric pain profile (PPP). OnabotulinumtoxinA was injected into spastic 
muscles using a maximum dose of 12 units/kg or a total dose of 400 units per ses-
sion. Following administration of onaA, in addition to improvement of the afore-
mentioned parameters, the children who received BoNT injections (and/or parents) 
reported significant reduction of pain compared to baseline at 4 and 16 weeks (P 
values <0.05 and < 0.01, respectively). In the sham procedure group, no significant 
response was observed.

Jacobson et al. [74] have studied the effect of 1500 units of abobotulinumtoxinA 
on pain of 16 patients with adults who suffered from cerebral palsy and spasticity. 
The study was double- blind and parallel design including eight patients in each 
group (toxin and placebo). The pain response to the toxin and placebo was assessed 
via VAS. At six weeks (primary outcome time- point), there was no significant dif-
ference between toxin and placebo groups (five responded to placebo, four to toxin). 
At 10  weeks, however, there was a trend of response (approximately two grade 
reduction in VAS) for the toxin group (Fig. 11.3).

In collaboration with our pediatric neurologist, Mark Difazio M.D., during the 
years 1994–2004, we treated and followed over 200 children with cerebral palsy 
with onabotulinumtoxinA at Walter Reed Army Medical Center, Washington 
DC. Some of the children were followed up to eight years. The maximum dose used 
per session was 12  units/kg. Injections (upper or lower limb) were effective in 
reducing spasticity, improving quality of life (sleep, hygiene, mood, irritability), 
and reducing pain. In general, parents were very satisfied with the results. No seri-
ous side effects were noted with the applied doses and after repeated injections. My 
continued experience with treatment of child spasticity with onabotulinumtoxinA at 

Table 11.4 Double-blind placebo-controlled studies of botulinum neurotoxin effects in cerebral 
palsy that included assessment of pain

Authors 
and year # pts Class Toxin

Dose
units

Pain
scale Results Comment

Barwood 
et al., 2000
[72]

16 II onaA 8u/kg 0–9 Reduction of mean pain 
score (74%) (P < 0.003);
50% reduction of mean 
analgesic requirement 
(P < 0.005)

Copeland 
et al. 2013
[73]

31 II onaA 400
12u/kg

VAS Significant pain 
reduction in the toxin 
group at 4 and 12 weeks 
(P values<0.05 
and < 0.01, respectively)

Jacobson 
et al., 2021
[74]

16
8 in 
each
Group

II aboA 1500
Adults 
with 
CP

VAS
<2 or 
more 
grades

Both toxin and placebo 
improved pain. At week 
10, toxin group showed 
a trend for significance 
(Fig. 11.3)

Small number 
of patients, 
study stopped 
mid-way
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Yale Botulinum Toxin Clinic (years 2004–2015) agrees with my practice in the 
Washington D.C area. The parent satisfaction at Yale was similar to that of Walter 
Reed Medical Center in Washington.

 Comment

Conduction of double-blind studies for assessing the efficacy of BoNTs on 
spasticity- related pain in children with cerebral palsy is difficult due to procedural 
and ethical issues. Moreover, assessing the effect of toxin on pain is difficult, espe-
cially in small children. Of the three studies cited in Table 11.4, the result of one 
study [74] is hard to interpret due to a high placebo effect that makes efficacy assess-
ment invalid. Based on the other two blinded studies [72, 73], both class II, the level 
of efficacy for onabotulinumtoxinA in spasticity-associated pain in CP can be con-
sidered B (probably effective) based on two class II studies [49, 50].

Determination of a safe dose and safe ceiling (dose/day) has been the focus of 
research in pediatric application of toxin therapy for the past two decades. 
Investigators of the United States usually do not exceed 16–20 units/kg (in case of 
onaA) in the studies of cerebral palsy. European guideline of 2009 recommended 
the use of higher doses in children [75]. Depending on the child’s weight, up to 
400–600 units of onaA (20–30 units/Kg) and 1000 units (20–30 units/ Kg of aboA) 
were recommended [76]. The recent reviews (based on mostly lower doses used in 
the United States) including meta-analysis of the published data in pediatric litera-
ture indicate that BoNT therapy in cerebral palsy is safe and side effects, in general, 

Fig. 11.3 Ten weeks after initiation of botulinumtoxin treatment, the toxin group demonstrates 
approximately two grade pain reduction in VAS. (Jacobson et al. 2021 [74]. From Frontiers of 
Neurology. Courtesy of PMC publisher)
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are mild and tolerable [77–80]. Recently, Almina et al. [81] reviewed the literature 
on the analgesic role of BoNTs in pain associated with cerebral palsy and advocated 
the need for high-quality studies in this area.

Can early injection of botulinum toxin into the spastic muscles of children with 
cerebral palsy prevent the development of contracture that enhances the existing 
pain? Cosgrove and Graham [82] have shown that in mice with hereditary spastic 
paraplegia, early injection of onabotulinummtoxinA into the spastic muscles allows 
the muscles to grow within 2% of mature muscles. In the noninjected mice, the 
mature muscles were 16% smaller, a difference that was highly significant. Recently, 
Lindsay et al. [83] studied the effect of injecting onaA into the muscles of 91 adults 
soon after stroke in a double-blinded, placebo-controlled study. Contracture forma-
tion was slower in the treatment group. BoNTA reduced the need for concomitant 
contracture treatment and did not interfere with the recovery of arm function.

 The Mechanism of Action of BoNTs in Spasticity-Related 
Pain (SRP)

The mode of action of BoNTs in SRP most probably involves both muscular and 
neural mechanisms. On the muscular side, BoNTs block the release of acetylcholine 
from presynaptic vesicles causing muscle relaxation that, in turn, can reduce the 
frequency of painful spasms. Furthermore, relaxation of muscles leads to better 
joint motility and prevents secondary pain and discomfort related to awkward joint–
muscle interactions. In children, focused relaxation of hip adductors can prevent 
subluxation and related discomfort. On the neural side, some of the pain in advanced 
spasticity and contracture may originate from peripheral nerve fibers in the affected 
contracted tissue. Numerous animal studies have shown that BoNTs inhibit the 
release of pain mediators (glutamate, substance P, and calcitonin gene peptide) from 
peripheral nerve endings and dorsal root ganglia (Chap. 2).

Also, it is now increasingly recognized that peripheral injection of BoNTs (intra-
muscular or subcutaneous) has a direct central effect via retrograde transport and 
transcytosis (Mazzocchio and Caleo, 2014). In support of the central effect of the 
toxin, Bach-Rojecky et al. (2010) have shown bilateral improvement of leg hyperal-
gesia after unilateral injection of onabotulinumtoxinA into the affected area on one 
side. Furthermore, following injection of the toxin into the rat’s eye, truncated 
SNAP-25 was detected in the midbrain tectum terminals despite the Wallerian 
degeneration of the axon that transports the toxin (Restani et al., 2012).

Such central effects can invariably impact the function of spinal circuits, inter-
neurons, and spinal sensory neurons, all of which play an important role in spastic-
ity and spasticity-related pain.
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 Conclusion

Blinded and placebo-controlled studies of adult spasticity have illustrated the effi-
cacy of abobotulinum toxinA in management of upper limb spasticity-related pain. 
In lower limb spasticity-related pain, however, data is still limited though it strongly 
suggests efficacy. Studies in children with cerebral palsy suggest efficacy of differ-
ent types of BoNTs in reducing spasticity-related pain. BoNT injection into spastic 
hip adductor muscles of children with CP may be helpful in preventing the painful 
and serious complication of hip subluxation.
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Chapter 12
Treatment of Dystonic Pain 
with Botulinum Neurotoxins

 Introduction

Dystonia is a movement disorder characterized by sustained twisting, turning, and 
abnormal postures. The recent classification defines two diagnostic axes, clinical 
and etiological [1]. Classification in the clinical axis is based on the age at onset, 
temporal pattern of dystonia, body distribution (focal, hemidystonia, segmental, 
multifocal, and generalized), and coexistence of other movement disorders, other 
neurological, or systemic manifestations. The etiological axis encompasses idio-
pathic, inherited, and acquired dystonia. Focal dystonias can be idiopathic, inher-
ited, or acquired, and in any of these settings, can be painful.

In this chapter, four common and often painful focal dystonias will be discussed: 
cervical dystonia, oromandibular dystonia, focal dystonia in neurodegenerative dis-
orders (Parkinson’s disease and atypical Parkinson disorders), and post-traumatic/
postsurgical limb dystonia.

 Cervical Dystonia

Cervical dystonia (CD) is the most common form of idiopathic focal dystonia with 
an incidence of 1.07 to 1.2 per 100,000 person/years [2, 3] comparable with that of 
amyotrophic lateral sclerosis and Guillain–Barre syndrome (1.8 and 1.7/10,000, 
respectively) [3]; Nutt et al. [4] have reported a prevalence rate of 8.9/100,000 for 
CD in Minnesota. It is a late-onset dystonia which typically affects head and shoul-
der muscles. Dystonic head jerks (usually in the direction of limited head move-
ments) and limitations of neck movement are the hallmarks of the disorder. Patients 
commonly complain about neck and shoulder pain which, for many, is the most 
disturbing symptom. Based on the pattern and posture of the head deviation, 
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cervical dystonia is classified as torticollis (head rotation), laterocollis (head tilt), 
retrocollis (head bent back), and anterocollis (head bent forward). Patients may 
have more than one type of cervical dystonias. The most common combination is 
torticollis and laterocollis.

In 1991, two retrospective studies from Baylor Medical College in Houston [5] 
and Columbia University in New York [6] defined characteristics of CD in a size-
able number of patients (in 300 and 266 patients, respectively). The basic data 
regarding CD was fairly similar between the two institutions regarding mean age at 
onset (41.9 vs. 41 years), female preponderance (1.9:1 vs. 1.5:1), and occurrence of 
pain (67% vs. 75%). In the Baylor series, pain was the presenting symptom in 17% 
of the patients.

Progress in genetic testing has identified several genes in the familial forms of 
cervical dystonia starting with DYT6, a form of cervico-cranial dystonia that begins 
at a young age and has a tendency to generalization. More recently, whole exome 
sequencing has identified several genetic abnormalities in families with adult-onset 
cervical dystonia [7]. GNAL gene which encodes for G protein (important in dopa-
mine signaling) is another gene recently discovered in some patients with cervical 
dystonia [8]. A new GNAL gene mutation has been recently identified in a family 
with “Jerking type” of cervical dystonia [9].

Charles et al. [10] have published the results of a large multicenter, prospective 
study on assessment of clinical features and pain in CD (CD Probe study). The 
study was conducted at 88 centers in the United States and included 1037 partici-
pants. It compared the demographic and clinical profiles of CD patients with no/
mild pain and those with moderate/severe pain. The study assessed the impact of 
pain and the motor component of CD on quality of life and compared the initial 
onabotulinumtoxin treatment paradigm between groups. The most common types 
of CD among the study’s patients were torticollis (47.6%) and laterocollis (38.8%) 
with retrocollis and anterocollis considerably less common than the first two (5.3% 
and 5.7%, respectively).

The investigators assessed pain in this large cohort of patients with cervical dys-
tonia through several questionnaires:

 1. Pain numeric rating scale (PNRS) with a range of 0–10. Based on this question-
naire, level of pain was defined as mild (<4), moderate (4–6), and severe (7–10).

 2. Cervical dystonia impact profile-58 (CDIP-58).
 3. Pain subset (0–20) of the Toronto Western Spasmodic Torticollis Rating Scale 

(TWSTRS).

A number of other parameters were also assessed through these scales including: 
severity of torticollis, motor disability, head and neck symptoms, pain and discom-
fort, upper limb activities, walking, sleep, annoyance, mood, psychosocial function-
ing, work productivity, and type of CD (anterocollis, laterocollis, retrocollis, or 
torticollis).

The results showed that 88.9% of the patients reported pain related to CD at 
baseline and 70.7% rated their CD-related pain as moderate or severe at baseline 
(PNRS score 4–10). Comparing the group with moderate to severe pain (4–10 on 
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the scale of 0–10) with the no or mild pain (0–3) group, patients with moderate to 
severe pain were significantly younger (P < 0.0001). Gender, race, and ethnicity 
were not different between the two groups. A higher percentage of patients among 
moderate to severe pain group was clinically disabled (14.7% vs. 4.9%) (P < 0.0001) 
and those in the moderate to severe pain group were twice more likely to have 
stopped work because of CD (P < 0.019). Moderate/severe pain was a significant 
predictor that employment status would be affected by CD (P = 0.0001). When the 
impact of pain on different subsets of CDIP-58 questionnaire was studied, pain had 
a larger impact than motor findings on mood, annoyance, sleep, head and neck, and 
upper limb activities, while pain and motor component had an equal impact on 
walking and psychosocial functioning.

Pain in CD is often described as a diffuse and sharp shooting pain. The pain 
sometimes takes a burning quality and, occasionally, radiates to the side of head 
deviation extending to the ipsilateral arm [11]. It has been shown that up to 30% of 
the patients with CD feel neck pain first before the development of dystonic posture 
and abnormal movements [12]. Approximately 10–20% of the patients with CD 
experience chronic headaches [13].

The Coll-Cap classification of CD classifies CD into Caput type (involved mus-
cles are around the atlanto-occipital joint), and Collis type (involved muscles are 
around the cervical spine). Marciniec et al. [14] have found that pain in CD is 3.78 
more common in patients who have the pure Caput type.

There may be a geographical factor influencing the report of pain intensity in 
association with the motor symptoms of CD. Patients in the United States, in gen-
eral, report higher pain intensity assessed by the Toronto Spasmodic Torticollis 
Rating Scale (TWSTERS) than their European counterparts (mean score of 8.4 and 
6, respectively) [15].

In search of mechanisms of pain in CD, some authors have reported conduction 
defects in C and A alpha pain fiber transmission indicating dysfunction of the 
ascending pain pathways (APP) [16]. However, more recent studies have provided 
evidence for normal APP in CD and abnormal conduction in the descending pain 
pathways (DPP) [17, 18] by testing the integrity of the DPP with the conditioned 
pain modulation response. The authors believe that this form of descending pathway 
dysfunction facilitates and maintains chronic pain.

Chan et  al. [6] maintain the view that pain in CD is highly correlated with 
patients’ postural and clinical features. In their carefully studied cohort, pain in CD 
correlated with severity of head turning (P < 0.01), constant head turning (P < 0.05), 
and presence of spasms (P < 0.01). Perhaps a high density of pain receptors in the 
neck muscles also plays a role in development of pain in cervical dystonia. The 
issue of pain in cervical dystonia and its treatment has been discussed in detail in 
several excellent reviews [19–21].
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 Treatment

Anticholinergic and gabaergic drugs (benzodiazepines and baclofen) are both effec-
tive in reducing the symptoms of cervical dystonia including pain. In the former 
category, trihexyphenidyl (6–30 mg/day) and benztropine (1–3 mg/ day) are the two 
most commonly used drugs. Baclofen (30–60 mg/day) and diazepam (10–30 mg/
day) also improve symptoms of CD. Clonazepam (1–2.5 three times daily) is also 
helpful especially when CD is associated with cervical myoclonus. All aforemen-
tioned drugs need to be started at low dose and gradually built up over several 
weeks. Unfortunately, in some patients, satisfactory response requires using high 
doses of these drugs (>30 mg of trihexyphenidyl and > 60 mg of baclofen). Elderly 
patients have poor tolerance for anticholinergic medications and baclofen, espe-
cially in higher doses. Opioids are better avoided in treatment of pain in CD [19], as 
their use may lead to chronic substance abuse. Up to 11% of patients with a diagno-
sis of CD meet the criteria of substance abuse and opioids are among the leading 
causes [22]. Severity of neck pain, male gender, and mood disorders correlated with 
the use of opioids in CD.

In recent years, bilateral stimulation of globus pallidus has been employed for 
treatment of recalcitrant cases of cervical dystonia. Bilateral, chronic pallidal stimu-
lation can improve the range of head movements and quality of life in patients with 
CD [23, 24]. In a recent report of five patients followed by chronic pallidal stimula-
tion for 10–12 years, pallidal stimulation improved 53% of the total TWSTERS 
score and 54.1% of the severity score in CD but did not improve patient’s neck pain 
significantly [25].

 Effects of BoNTs on Pain Associated with Cervical Dystonia

Introduction of BoNTs for treatment of cervical dystonia (CD) has revolutionalized 
the management of this disorder. All types of BoNTs (ona, abo, inco, and rima, 
types A and B) have been proven effective and are now approved by the FDA for 
treatment of CD.

In most published studies, the rate of efficacy of BoNT injections in CD is over 
80%, and the safety profile of BoNT in CD is unmatched by any other therapeutic 
agent used for treatment of this disorder. Treatment improves all major symptoms 
of CD and prevents development of contractures and radiculopathy [26]. BoNT 
therapy of CD may be more effective when it is combined with physiotherapy [27]. 
In a recent systematic review and meta-analysis [28], which assessed 18 studies and 
over 1900 patients, the mean duration of onaA effect was 93.2 and 95.2 days for 
fixed and random effect models, respectively. Doses of ≥180 units of onaA for treat-
ment of cervical dystonia produced longer-lasting effects (107–109  days vs. 
86–88 days for doses of <180 units).
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One of the most important early observations in treatment of CD with botulinum 
neurotoxins (in this case, onaA) was the recognition that neck pain relief in CD 
often occurred before improvement of posture and limitation of head movement 
[29]. This important early observation suggested an analgesic effect for botulinum 
toxins in human subjects, independent from its other effects which were confirmed 
in the subsequent years.

Among the double-blinded studies (reviewed by this author), which have reported 
on the efficacy of BoNTs in cervical dystonia, 17 included assessment of pain. In 
the pioneering study of Tsui et al. [30], 14 of 16 patients with CD reported signifi-
cant reduction of neck pain after administration of onabotulinumtoxinA into neck 
and shoulder muscles (P = 0.002). In a larger study of 55 patients, Greene et al. [31] 
also reported significant pain relief of their subjects six weeks after administration 
of onaA for CD. In another study of 23 patients, 19 of whom complained of pain, 
Lorentz et al. [32] reported pain relief in 12 of 19 patients who were injected by 
onaA, but only in 1 of 19 subjects was injected with saline (P = 0.002). Lew et al. 
[33] conducted an efficacy and safety study on 122 patients with CD evaluating the 
effects of 2500, 5000, and 10,000 units of rimaB against placebo (saline). Pain was 
assessed through the pain subset of TWSTRS and the visual analog scale (VAS). At 
four weeks, all three doses had produced significant pain relief compared to the 
placebo (P < 0.05). This relief was more pronounced for the largest dose used in the 
study (P < 0.004). Poewe et al. [34], in a study of 31 patients with neck pain and CD, 
also found a clear difference in pain improvement in favor of aboA (compared to 
placebo) at four weeks. The difference between the three dose groups of toxin (250, 
500, and 1000 units), however, was not significant.

In 1999, two studies assessed the efficacy of rimabotulinumtoxin B (rimaB) in 
cervical dystonia and associated pain. In one study [35], the investigators compared 
the efficacy of 5000 and 10,000 units of rimaB with placebo in 109 patients using 
visual analog scale (VAS). At four weeks, significant reduction of pain was noted in 
both toxin groups compared to placebo- 5000 unit group (P = 0.001), 10,000 unit 
group (P = 0.0002). Overall, the TWSTRS scores improved more in the 10,000 unit 
group. In the same year, Brin et al. [36] published the results of another investiga-
tion on the efficacy of rimaB versus placebo in 77 patients with CD. Administration 
of 10,000 units of rimaB improved neck pain significantly at four weeks (P < 0.001). 
Wissel et al. [37] studied 68 patients with CD (with a minimum Tsui score of 9) 
comparing the effect of aboA (500  units) with placebo (saline). Patients were 
assessed at weeks 4, 8, and 12 with Tsui scale rating the severity of CD and pain. At 
week 4, 49 patients in the aboA group were pain-free versus 33 patients in the saline 
group (P = 0.02). In the following open phase of the study, the aboA group demon-
strated significant pain relief (P = 0.011). Troung et al. [38] (2005) investigated the 
efficacy and safety of abobotulinumtoxinA (aboA, 500 units) in 80 patients with 
CD. Participants were followed up for 4 to 20 weeks, until they needed further treat-
ment. The efficacy was assessed with TWSTRS at baseline and weeks 2, 4, 8, 12, 
16, and 20 after treatment. Pain was evaluated via pain subset of TWSTRS or VAS 
scale of 0–100 mm. At four weeks, the reduction in VAS score was 13.4 for aboA 
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group and 1.9 for the placebo group (P  =  0.02). This significant degree of pain 
reduction was also noted at week 8.

Between years 2010 and 2013, four multicenter studies in a sizeable number of 
patients with CD—associated pain and botulinumtoxin therapy—have been pub-
lished [39–42]. Troung et al. [39] reported on the results of a multicenter study of 
116 patients (55 aboA, 61 placebo) with CD after administration of 500 units of 
abobotulinumtoxinA (aboA) into neck and shoulder muscles. Four weeks after 
administration of aboA, the VAS score was reduced to 3.7 for the onaA group and 
1.4 for the placebo group, respectively. Comella et al. [40] reported on the efficacy 
of two doses of incobotulinumtoxinA (incoA), 120 and 240 units, on 233 patients 
with cervical dystonia. Both doses were equally effective in improving all subsets 
of the TWSTRS scale including pain. The pain subset of TWSTRS (0–20) was 
markedly improved (P < 0.0001) at 4, 8, and 12 weeks. In another study [41], the 
efficacy of onabotulinumtoxinA (mean dose of 241  units) versus placebo was 
assessed in 170 patients with cervical dystonia (88 onaA, 82 placebo) using dysto-
nia severity scale and physician global assessment scale at baseline and 6 weeks 
after injection. Evaluation of pain subset showed significant improvement (P < 0.05) 
at 2, 4, and 6 weeks post-treatment in the toxin group but not in the placebo group. 
In a multicenter double-blind, placebo-controlled study, Fernandez et al. [42] stud-
ied the effect of two doses (120 and 240  units) of incobotulinumtoxinA in 233 
patients with CD. Pain was assessed through TWSTR’s pain subset. At four weeks 
post injection, patients in both the 120 and 240 units groups demonstrated signifi-
cant reduction of neck pain (P < 0.0001). There was no significant difference in pain 
response between the two prescribed doses of the neurotoxin. In contrast, Kaji et al. 
[43], using the TWSTRS pain subset, found doses of 2500 and 5000  units of 
rimabotulinumtoxinA (rimaA) ineffective in alleviating the pain of cervical dysto-
nia at four weeks following toxin administration. A 10,000 unit dose, however, 
improved the pain significantly (P  <  0.05). Mordin et  al. [44] in a blinded and 
placebo- controlled study of 94 patients (47 toxin, 47 placebo) with cervical dysto-
nia found that after treatment with onabotulinumtoxinA 66% and 72% of the 
patients reported pain relief (mild pain or no pain) at 4 and 12 weeks post treatment, 
respectively. The employed dose for treatment of CD was 500 units.

Poewe et al. [45] included pain assessment in a double-blind, placebo-controlled 
study of a large cohort of 369 patients, gathered from 61 centers. The efficacy of 
conventional abobotulinumtoxinA and ready-to-use abobotulinumtoxinA (prepared 
in liquid form) was compared with placebo. At 4 weeks, both abobulinumtoxinA 
and ready-to-use abotulinumtoxinA reduced patients’ neck pain significantly com-
pared to treatment with placebo (P < 0.0001).

The efficacy of BoNT treatment in alleviating the pain associated with cervical 
dystonia has been demonstrated in several prospective studies investigating large 
cohorts prospectively. The largest of such studies is the CD probe study. In this real- 
world, multicenter, prospective observational study, 1046 patients with no previous 
history of BoNT therapy were injected with onabotulinumtoxinA over 16 weeks 
with three cycles of injections. Beside significant improvements in TWSTRS scale 
and patient and physicians satisfaction with treatment, degrees of pain improvement 
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reported, after BoNT therapy, were also impressive. Significant pain relief was 
reported four to six weeks after each of the three cycles of treatment (6.1%, 72.4%, 
and 76.4%, respectively). The mean time of onset of pain relief was 7.1, 7.4, and 
7.6  days post injection, respectively. All pain scales used showed significant 
improvement from baseline to the final visit (P < 0.0001) [46].

 Comparator Studies

 Same Toxin, Different Doses

Laubis-Herrmann et al. [47] studied the effect of high dose (500 units) and low dose 
(130 units) aboA injections upon pain relief in CD. Pain change was assessed by 
pain subset of TWSTRS at six weeks post injection. Subjects who received high 
dose reported pain relief (P < 0.03), while those on low dose only showed a trend 
toward improvement (P < 0.06). However, in most other measures of TWSTRS, the 
response did not differ between the two groups.

 Different Toxins

Ranoux et al. [48] compared the efficacy of onaA and two different doses of aboA 
(3:1 ratio to onaA and 4:1 ratio to onaA) in a blinded study of 54 patients with 
CD. Patients’ posture and motor function were assessed through Tsui scale (0–25), 
whereas pain was evaluated through the pain subset of TWSTRS. All three toxin 
preparations relieved pain. However, both aboA preparations were more effective 
than onaA in respect to pain relief (P < 0.04 and P < 0.02 for 3:1 and 4:1 rations, 
respectively). There was also a difference between the toxins in respect to side 
effects. OnaA produced considerably less dysphagia than either of the two prepara-
tions of aboA (3% vs. 15% and 17%, respectively).

Another comparator study [49] compared the efficacy of onaA with rimaB using 
TWSTRS in 139 CD patients (previously treated with onaA). Efficacy against 
symptoms of CD was evaluated at four weeks (pain was assessed via the pain subset 
of TWSTRS). Administration of both toxins relieved the neck pain significantly 
(P < 0.001). The drop in the pain score was 3.2 for onaA and 4 for rimaB, respec-
tively (not a significant difference).

Pappert et al. [50], in a non-inferiority study, compared efficacy, safety, and dura-
tion of onaA (150 units) and rimaB (10,000 units) in 111 toxin-naïve patients with 
cervical dystonia (CD) subjects. Fifty-six of 111 subjects received placebo. Pain 
was assessed through the pain subset of TWSTRS along with other assessments at 
baseline and at four weeks following treatment. Both toxins were found to be 
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equally effective in improving symptoms of CD (P = 0.001) and pain. One patient 
in the rimaB group developed moderate dysphagia which improved spontaneously.

Another study [51] comparing 300 units of onabotulinumtoxinA with 300 units 
of Prosigne (Chinese toxin from Lanzhou Institute) found both equally effective in 
relieving pain at 4 and 16 weeks (using form SF36, pain subset). The study had 12 
patients in each group (toxin and placebo). The authors suggested equal units for 
onaA and prosigne. Babarosa et al. [52] had also compared the efficacy of abobotu-
linumtoxinA (aboA) with Prosigne in a blinded study of 34 patients [52] (14  in 
aboA and 20 in Prosigne group). A dose ratio of 3 (aboA) to 1 (Prosigne) was used. 
Patients’ responses were evaluated with TWSTRS scale which includes a pain sub-
scale. Both toxins significantly improved both the movement and pain subscales of 
TWSTRS. There was no significant difference between the two as to the magnitude 
of pain relief.

Barn et al. [53] compared the efficacy of abobotulinumtoxinA with trihexyphe-
nidyl (THP] in 66 patients with cervical dystonia. In the aboA group, subjects 
received two injections of the neurotoxin at week 0 and week 8 (mean dose 292 units 
and 262 units for weeks 0 and 8, respectively). The dose in the trihexyphenidyl 
group was up to 24 mg/day. Pain assessment (pain subset of TWSTRS) was per-
formed at week 12 (4 weeks after the second injection). Although more patients in 
the aboA group demonstrated pain relief compared to the trihexyphenidyl group, 
the difference was not statistically significant.

 Comment

Double-blind, placebo-controlled studies of BoNTs in CD indicate the efficacy of 
all four FDA-approved BoNTs in relieving CD-associated pain. Several studies 
with rimaB [33, 35, 43] and one study with onaA [47] have suggested that employ-
ment of larger dose of these toxins improves their efficacy. More studies are needed 
to verify these important observations. The clinicians, however, need to weigh the 
risk of complications versus the achievement of better response when considering 
the use of larger doses of BoNTs. Moreover, some comparative studies have found 
one toxin superior to the other for pain relief in CD; for example, aboA was reported 
to be superior to onaA in the study of Ranoux et al. [48]. This needs to be confirmed 
in blinded, comparative studies that investigate the analgesic effect of BoNTs in 
larger cohorts of CD and CD-associated pain. The same applies to the report of 
higher incidence of side effects with aboA compared to onaA in treatment of CD 
(48). The comparative study of trihexyphenidyl (THP) with abobotulinumtoxinA in 
CD suggested that aboA is more efficient than THP in improving the main CD 
symptoms, but there was no difference between the two in the case of pain relief 
[53]. This result may be due to the employment of a relatively low dose of aboA 
(less than 500 units) in this study; treatment with a larger dose of aboA may render 
a better analgesic effect.
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 Case 12.1

A 75-year-old man with history of progressive cervical dystonia and severe neck 
pain for over 10 years was referred to Yale Botulinum Toxin Treatment Clinic after 
failing to respond to conventional dystonia medications and analgesic drugs. On 
examination, the patient demonstrated advanced cervical dystonia with forced rota-
tion of head and neck to the right side and intermittent left to right head jerks. There 
was marked hypertrophy of the left sternocleidomastoid (SCM) (Fig.  12.1) and 
right splenius capitis muscles. He rated severity of neck pain as 8 to 9 out of 10 
(VAS). The patient was injected with a total of 400 units of onaA into the following 
muscles: left sternocleidomastoid: 80 units, left Trapezius: 60 units, left Splenius 
Capitis: 80 units. After a week, the head position improved and head jerks stopped. 
He noted significant relief from neck pain (remaining pain was rated 2 out of 10). 
The author followed him in the Yale Botulinum Toxin Clinic for 7  years during 
which the patient continued receiving onaA injections every 3 to 4 months main-
taining a high degree of satisfaction.

 Botulinum Toxin Treatment of Painful Dystonia 
in Neurodegenerative Disorders

Neurodegenerative disorders such as Parkinson’s disease (PD) and atypical 
Parkinson disorders (corticobasal degeneration, multiple system atrophy, progres-
sive supranuclear palsy) are often associated with focal dystonia. Dystonia can be 
intermittent and take the form of dystonic spasms (involuntary toe flexion or foot 
inversion in PD) or manifest as persistent and progressive —the pattern most often 

Fig. 12.1 (patient 12-1) 
Cervical dystonia with 
severe neck pain and 
marked hypertrophy of left 
SCM muscle
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seen in corticobasal degeneration, but also sometimes in PD. Both forms can be 
painful and disabling. Focal dystonia in PD may be the result of PD itself or can be 
levodopa induced. Focal dystonia often develops during the course of PD but may 
precede classical PD symptoms by months or years [54]. The foot is most com-
monly involved.

In a study of 40 patients with pain in PD, Tinzzani et al. [55] identified 19 cases 
of dystonic pain. Of these 19, 17 patients manifested dystonic foot pain and two had 
painful cervical dystonia. Dystonic pain was significantly associated with a more 
advanced stage of PD and with motor complications of Parkinson’s disease 
(P = 0.001).

Burmann et al. [56] described three types of pain in Parkinson’s disease. Dystonic 
or dystonia-associated pain probably falls in the categories of nociceptive and/or 
central pain.

Several authors have reported successful treatment of painful hand and foot dys-
tonia in PD with botulinum toxins in open label observations [57–61].

In a recent double-blind, placebo-controlled clinical trial, Rieu et al. [62] studied 
the effect of incobotulinumtoxinA on foot dystonia and associated pain with foot 
dystonia in PD.  The toxin group consisted of 29 and the placebo group of 16 
patients. In the toxin group, 15 patients received incoA (100 units) into the flexor 
digitorum brevis and 14 patients had the toxin injection (also 100 units) into flexor 
digitorum longus. The response of pain (using VAS) and foot dystonia to incoA and 
the response after placebo injection were evaluated at 6, 12, and 18 weeks. The 
authors noted a significant reduction of dystonia-associated pain in the group that 
received incoA into the flexor digitorum brevis at 6 and 18 post injection weeks.

In contrast to the above study, Bruno et al. [63] in a blinded study of 12 patients 
found no pain reduction. Five patients received botulinumtoxinA (not specified, 
probably onaA) and seven patients received placebo. The authors found no signifi-
cant reduction of pain using VAS at 4 and 12 weeks after toxin therapy. However, 
dystonic pain showed greater reduction in the numerical pain rating scale (NRS) 
after four weeks compared to placebo (2.66 points compared to vs 0.75 points for 
placebo). In their earlier published open label study, 81% of the patients with PD 
reported pain relief [64].

Meuller et al. [65] reported on the treatment of 10 patients with focal upper limb 
dystonia in atypical Parkinson disorders. In two patients with corticobasal degenera-
tion (CBD), administration of abobotulinumtoxinA into upper limb muscles (proxi-
mal and distal) improved dystonia and alleviated pain (method of pain assessment was 
not mentioned). In another study [60], administration of onaA into hand and forearm 
muscles improved dystonia and dystonic pain in three patients with CBD.

In my experience, EMG-guided botulinum toxin treatment is effective for treat-
ment of pain associated with dystonic toe flexion or extension and foot inversion in 
patients with Parkinson’s disease. The results are less gratifying in dystonic pain of 
atypical Parkinson disorders (APD) such as corticobasal degeneration, progressive 
supranuclear palsy, and multiple system atrophy, but I did have some patients with 
APD who found BoNT therapy worthwhile for their dystonic pain had opted to 
continue BoNT injections for years.
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The following case reports demonstrate EMG-guided, BoNT treatment in two of 
my patients. One patient had painful toe flexion dystonia due to Parkinson’s disease 
(case 12-2) and the other presented with painful foot inversion dystonia due to cor-
ticobasal degeneration (case 12-3).

 Case 12-2

A 70-year--old female was referred to the Yale Movement Disorder Clinic for man-
agement of her symptoms of Parkinson’s disease. She had carried the diagnosis of 
Parkinson’s disease for two years. Her main complaints included diffuse stiffness of 
the upper and lower extremities, slowness of movements, postural instability, and 
intermittent painful toe flexion “spasms” which occurred several times daily. The 
timing of the painful foot dystonia showed no relationship to either timing or dosage 
of her medications. Her medications included carbidopa/levodopa 25/100, three 
times daily and primapexole, 0.5 mg, three times per day. Further increase of medi-
cations caused unacceptable dyskinesias.

On neurological examination, the main findings were confined to the motor sys-
tem. She demonstrated bilateral moderate rigidity and hypokinesia (left more than 
right) and mild left-hand tremor. She had a slow and wide-based gait with slow 
turns. There were bilateral choreo-dystonic dyskinesias—more on the left side. 
During the 45-minute duration of her visit, she experienced a painful episode of 
involuntary flexion of all toes lasting several minutes. She measured the pain associ-
ated with this event at the level of 7–8 out of 10 in VAS scale.

Injection of onabotulinumtoxinA, 100 units into the flexor digitorum brevis (two 
sites) and 30 units into flexor hallucis (one site) (Fig. 12.2), under EMG guidance, 
resulted in marked reduction (less than one episode per month) of the dystonic foot 

Fig. 12.2 (Patient-2) Painful toe flexion dystonia. One injection (30 units of onaA) into flexor 
hallucis longus and two injections into flexor digitorum brevis (40 units each of onaA). (Drawing 
courtesy of Tahere Safarpour, MD)
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pain. The patient rated her response in the patient global impression of change 
(PGIC) as “much improved” and continued with BoNT treatment every three 
months. I followed her up for three years during which she reported satisfaction 
with a quarterly injection of onabotulinumtoxinA and experienced no side effects. 
Deep brain stimulation of the right subthalamic nucleus, 18 months after initiation 
of BoNT treatment, stopped the left-sided levodopa-induced dyskinesias and 
improved her left-sided hypokinesia and rigidity, but did not influence the episodic 
toe flexion dystonias.

 Case -12-3

A 72-year-old woman complained of involuntary movements of her left leg which 
had begun insidiously a year earlier. The movements had gradually increased in 
intensity and the involved limb also developed increasing “stiffness.” A magnetic 
resonance imaging of the head showed microvascular changes compatible with age, 
but no other abnormality. A Dopamine Transporter imaging (DAT) showed 
decreased level of dopamine bilaterally in the putamen. She was treated by a local 
neurologist with carbidopa/levodopa 100 mg four times daily. Since treatment failed 
to improve her symptoms, the patient asked for a second opinion and visited the 
Yale Movement Disorder Clinic approximately one year after the onset of her 
symptoms.

The patient had enjoyed good health throughout her life. She had a fall a few 
weeks before the onset of left leg movements during which she had landed on her 
left thigh. There was no family history of any neurological disorders. Her general 
medical examination was normal. Neurological examination showed involuntary, 
continuous, semi-rhythmic, and rhythmic movements of the left lower leg which 
were more prominent during action and when the limb was held against gravity. She 
also had nonvelocity-dependent, diffusely increased muscle tone in her left lower 
limb. There was no weakness and no pathological reflexes. A retrial of levodopa 
250 mg, four times daily failed to improve the symptoms. Cervical, thoracic, and 
lumbar MRIs were normal. A paraneoplastic panel showed no abnormality, and 
cerebrospinal fluid examination was normal.

Over the next two years, the patient’s symptoms gradually worsened. Muscle 
rigidity affected the upper extremity as well, and she developed a mild resting 
tremor in the left upper limb. The left lower limb became very rigid with progressive 
painful inversion dystonia of the left foot. She often did not know the position of her 
left limbs (upper or lower). The movements at times were irregular and, at times, 
semi-rhythmic, and the left foot assumed a dystonic inversion. She could no longer 
walk without assistance. Aggressive physical therapy offered modest help. EMG- 
guided injection of onabotulinumtoxinA improved dystonia and rigidity of the left 
side and relieved the foot pain. The following muscles were injected in the left leg: 
tibialis posterior (100 units), soleus (80 units, two sites), gastrocnemius (80 units, 
two sites), and hamstring (120  units, two sites). The patient’s rating of global 
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impression of change (PGIC) in response to onaA treatment for pain was “much 
improved” and she continued with treatment every 3–4 months (2 years follow-up). 
She now carries the diagnosis of probable corticobasal degeneration based on the 
unilateral progressive nature of the disease, significant limb dystonia, limb apraxia, 
alien limb syndrome, and myoclonus.

 Comment

Recent data suggest that, regardless of the underlying mechanism, pain in parkin-
sonism can be alleviated by botulinum toxin injections [66]. Proof of efficacy of 
BoNT therapy in dystonia-associated pain in Parkinson’s disease and atypical 
Parkinson disorders awaits data from randomized blinded studies in large cohorts.

 Post-traumatic Dystonia

Post-traumatic, focal limb dystonia is often painful. Most cases result from a physi-
cal injury to the limb (often hand or foot) or from postsurgical trauma (e.g., carpal 
tunnel syndrome). The prevalence of post-traumatic foot or hand dystonia is 
unknown. A retrospective review of 36 patients with foot dystonia, evaluated at 
Mayo Clinic between years 1996 and 2006, included 10 patients in whom the foot 
dystonia was post-traumatic. In some of these patients, the treatment with botuli-
num toxin improved dystonia and reduced pain [67].

Pedemonte et al. [68] reported their experience with onabotulinumtoxinA in 30 
patients with post-traumatic oromandibular dystonia. The patients’ main complaint 
was pain in the mandibular region. Many also suffered from bruxism. Five sites (3 
into the masseter and 2 into the temporal muscles) were injected with onaA. Each 
injection site received 10 units for a total of 50 units per side. Pain was evaluated 
and scored from 0 to 3. The mean baseline pain score of the patients was 3. One 
month after toxin injection, the pain level dropped to 1; at two months post injec-
tion, patients reported no pain (0); pain returned after three months. Improvement of 
pain and oral mandibular dystonia was sustained with repeated injections over 
36 months.

I have seen several patients with post-traumatic dystonia (mostly affecting the 
upper limb) with severe pain in the affected muscles. Injections with onabotulinum-
toxinA under EMG guidance were helpful and in most patients relieved pain and 
satisfied the patient. Patient satisfaction was rated with the patient global impression 
of change (PGIC); the satisfaction rates of “improved” or “much improved” were 
considered significant. The patient described below was seen by me at Yale 
University’s Botulinum Toxin Treatment Clinic and followed for several years with 
repeated injections.

Post-traumatic Dystonia
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 Case 12-4

A 36-years-old female suffered from a right forearm injury after falling from a lad-
der. During the acute phase, the arm and hand were edematous and had multiple 
bruises. She was left with mild diffuse weakness of that hand and intermittent par-
esthesias in median and ulnar distribution. A few months after the trauma, she began 
to experience episodes of involuntary rapid finger flexion in the right hand associ-
ated with right wrist flexion, as well as concurrent sharp pains in the right wrist and 
forearm. The episodes occurred two to three times per day, lasted for several min-
utes (up to 15 minutes) and, afterwards, left a deep diffuse pain in the forearm which 
lasted for hours. She described the intensity of her pain as excruciating.

Injection of onabotulinumtoxinA under EMG guidance into the forearm muscles 
resulted in marked reduction in frequency and intensity of pain; the pain episodes 
were reduced from 2 to 3 per day to 1 per month and pain intensity from 10 in VAS 
scale dropped to 3 during the episode. The following muscles were injected with 
onaA every 3 months over 4 years of follow- up: flexor carpi ulnaris (60 units), 
flexor carpi radialis (40  units), flexor digitorum superficialis (total of 20  units 
injected into two points), flexor digitorum profondus (total 20 units injected into 
two points), lumbrical muscles (20 units, four points, Fig. 12.3). Repeated injec-
tions every three months continued to be helpful. After a year of treatment, the total 
dose of the toxin could be reduced to half with the same positive results.

Although many expert injectors of BoNTs do not include injection of lumbrical 
muscles when treating a clinched fist, this author, over the years, has found that 
injection of lumbricals is extremely helpful in relaxing the hand muscles and reduc-
ing the finger flexion. I injected through the palmer side of the hand at midplane of 
the hand into the belly of lumbricals (as shown by blue dots in Fig. 12.3). The dose 
for onaA, depending on the severity of dystonia or spasticity, varies between 2.5 and 
5 units per each lumbrical. The palm of the hand is first numbed by Emla cream. 
Lumbrical injections are carried out using a 27.5 or 30 guage needle.

 Comment

Open label studies and clinical observations suggest the efficacy of EMG-guided 
injections of onabotulinumtoxinA (Botox) in relieving pain of patients affected by 
post-traumatic foot and hand, as well as oromandibular dystonia. There is a need for 
high-quality (randomized, blinded, placebo-controlled) studies to verify these posi-
tive observations.

12 Treatment of Dystonic Pain with Botulinum Neurotoxins



249

References

 1. Albanese A, Bhatia K, Bressman SB, Delong MR, Fahn S, Fung VS, Hallett M, Jankovic J, 
Jinnah HA, Klein C, Lang AE, Mink JW, Teller JK. Phenomenology and classification of dys-
tonia: a consensus update. Mov Disord. 2013;28:863–73.

 2. Steeves TD, Day L, Dykeman J, Jette N, Pringsheim T. The prevalence of primary dystonia: a 
systematic review and meta-analysis. Mov Disord. 2012;27:1789–96.

 3. Defazio G, Abbruzzese G, Livrea P, Berardelli A. Epidemiology of primary dystonia. Lancet 
Neurol. 2004 3(11):673–678. https://doi.org/10.1016/S1474- 4422(04)00907- X. PMID: 
15488460.

 4. Nutt JG, Muenter MD, Aronson A, Kurland LT, Melton LJ. Epidemiology of focal and gener-
alized dystonia in Rochester, 1968567-603. Minnesota Mov Disord. 1988;3:188–94.

 5. Jankovic J, Leder S, Warner D, Schwartz K. Cervical dystonia: clinical findings and associated 
movement disorders. Neurology. 1991;41:1088–91.

 6. Chan J, Brin MF, Fahn S. Idiopathic cervical dystonia: clinical characteristics. Mov Disord. 
1991;6:119–26.

 7. Skogseid IM. Dystonia-new advances in classification, genetics, pathophysiology and treat-
ment. Acta Neurol Scand Suppl. 2014;198:13–9.

Fig. 12.3 (case 4) Site of 
injection into lumbrical 
muscles. Lumbrical 
muscles bend the fingers at 
metacarpophlyngeal joints. 
Each muscle is located 
medial to the tendon of 
finger flexors and can be 
injected at mid palm. 
(Drawing from Tahere 
Mousavi, MD)

References

https://doi.org/10.1016/S1474-4422(04)00907-X


250

 8. Fuchs T, Saunders-Pullman R, Masuho I, Luciano MS, Raymond D, Factor S, Lang AE, Liang 
TW, Trosch RM, White S, Ainehsazan E, Hervé D, Sharma N, Ehrlich ME, Martemyanov KA, 
Bressman SB, Ozelius LJ. Mutations in GNAL cause primary torsion dystonia. Nat Genet. 
2013;45:88–92.

 9. Carecchio M, Panteghini C, Reale C, Barzaghi C, Monti V, Romito L, Sasanelli F, Garavaglia 
B. Novel GNAL mutation with intra-familial clinical heterogeneity: Expanding the phenotype. 
Park Relat Disord. 2016;23:66–71. https://doi.org/10.1016/j.parkreldis.2015.12.012. Epub 
2015 Dec 18. PMID: 26725140.

 10. Charles PD, Adler CH, Stacy M, Comella C, Jankovic J, Manack Adams A, Schwartz M, 
Brin MF. Cervical dystonia and pain: characteristics and treatment patterns from CD PROBE 
(Cervical Dystonia Patient Registry for Observation of onabotulinumtoxinA Efficacy). J 
Neurol. 2014;22. [Epub ahead of print]

 11. Kutvonen O, Dastidar P, Nurmikko T. Pain in spasmodic torticollis. Pain. 1997;69(3):279–86. 
https://doi.org/10.1016/S0304- 3959(96)03296- 4. PMID: 9085302

 12. Heinen F, Scheidt CE, Nickel T, Rayki O, Wissel J, Poewe W, Benecke R, Arnold G, Oertel 
W, Dengler R, Deuschl G. Spasmodic torticollis - a multicentre study on behavioural aspects 
II: signs, symptoms and course. Behav Neurol. 1996;9(2):81–8. https://doi.org/10.3233/
BEN- 1996- 9204. PMID: 24487491

 13. Barbanti P, Fabbrini G, Pauletti C, Defazio G, Cruccu G, Berardelli A.  Headache in cra-
nial and cervical dystonia. Neurology 2005;64(7):1308–1309. https://doi.org/10.1212/01.
WNL.0000156909.13677.FF. PMID: 15824376.

 14. Marciniec M, Szczepańska-Szerej A, Popek-Marciniec S, Rejdak K. Pain incidence in cervical 
dystonia is determined by the disease phenotype. J Clin Neurosci. 2020;79:133–136. https://
doi.org/10.1016/j.jocn.2020.07.069. Epub 2020 Aug 5. PMID: 33070882.

 15. Trosch R, Misra VP, Om S, Maisonobe P. Poster 498 geographic differences in the charac-
teristics of cervical dystonia patients. PM R. 2016;8(9S):S322. https://doi.org/10.1016/j.
pmrj.2016.07.415. Epub 2016 Sep 24. PMID: 27673242.

 16. Paracka L, Wegner F, Blahak C, Abdallat M, Saryyeva A, Dressler D, Karst M, Krauss 
JK. Sensory alterations in patients with isolated idiopathic dystonia: an exploratory quantitative 
sensory testing analysis. Front Neurol. 2017; 8:553. https://doi.org/10.3389/fneur.2017.00553. 
PMID: 29089923; PMCID: PMC5650962.

 17. Tinazzi M, Valeriani M, Squintani G, Corrà F, Recchia S, Defazio G, Berardelli A. Nociceptive 
pathway function is normal in cervical dystonia: a study using laser-evoked potentials. J 
Neurol. 2012;259(10):2060–2066. https://doi.org/10.1007/s00415- 012- 6454- 1. Epub 2012 
Feb 18. PMID: 22349875.

 18. Tinazzi M, Squintani GM, Bhatia KP, Segatti A, Donato F, Valeriani M, Erro R. Pain in cer-
vical dystonia: evidence of abnormal inhibitory control. Parkinsonism Relat Disord. 2019; 
65:252–255. https://doi.org/10.1016/j.parkreldis.2019.06.009. Epub 2019 Jun 15. PMID: 
31227336.

 19. Rosales RL, Cuffe L, Regnault B, Trosch RM. Pain in cervical dystonia: mechanisms, assess-
ment and treatment. Expert Rev Neurother. 2021 29:1–10. https://doi.org/10.1080/1473717
5.2021.1984230. Epub ahead of print. PMID: 34569398.

 20. Matteo C, Daniele B, Isabella B, Annalisa M, Fabrizia D, Viola B, Arianna T, Gina F, Massimo 
P, Antonella C, Giovanni F, Giovanni D, Alfredo B. Motor and non-motor subtypes of cervi-
cal dystonia. Parkinsonism Relat Disord. 2021;88:108–113. https://doi.org/10.1016/j.parkrel-
dis.2021.06.008. Epub 2021 Jun 18. PMID: 34174552.

 21. Monaghan R, Cogley C, Burke T, McCormack D, O’Riordan S, Ndukwe I, Hutchinson M, 
Pender N, O’Keeffe F. Non-motor features of cervical dystonia: cognition, social cognition, 
psychological distress and quality of life. Clin Park Relat Disord. 2020 4;100084. https://doi.
org/10.1016/j.prdoa.2020.100084. PMID: 34316662; PMCID: PMC8299967.

 22. Mahajan A, Jankovic J, Marsh L, Patel A, Jinnah HA, Comella C, Barbano R, Perlmutter 
J, Patel N; Members of the Dystonia Coalition. Cervical dystonia and substance abuse. J 
Neurol. 2018;265(4):970–975. https://doi.org/10.1007/s00415- 018- 8840- 9. Epub 2018 Mar 
22. PMID: 29569175.

12 Treatment of Dystonic Pain with Botulinum Neurotoxins

https://doi.org/10.1016/j.parkreldis.2015.12.012
https://doi.org/10.1016/S0304-3959(96)03296-4
https://doi.org/10.3233/BEN-1996-9204
https://doi.org/10.3233/BEN-1996-9204
https://doi.org/10.1212/01.WNL.0000156909.13677.FF
https://doi.org/10.1212/01.WNL.0000156909.13677.FF
https://doi.org/10.1016/j.jocn.2020.07.069
https://doi.org/10.1016/j.jocn.2020.07.069
https://doi.org/10.1016/j.pmrj.2016.07.415
https://doi.org/10.1016/j.pmrj.2016.07.415
https://doi.org/10.3389/fneur.2017.00553
https://doi.org/10.1007/s00415-012-6454-1
https://doi.org/10.1016/j.parkreldis.2019.06.009
https://doi.org/10.1080/14737175.2021.1984230
https://doi.org/10.1080/14737175.2021.1984230
https://doi.org/10.1016/j.parkreldis.2021.06.008
https://doi.org/10.1016/j.parkreldis.2021.06.008
https://doi.org/10.1016/j.prdoa.2020.100084
https://doi.org/10.1016/j.prdoa.2020.100084
https://doi.org/10.1007/s00415-018-8840-9


251

 23. Walsh RA, Sidiropoulos C, Lozano AM, Hodaie M, Poon YY, Fallis M, Moro E. Bilateral 
pallidal stimulation in cervical dystonia: blinded evidence of benefit beyond 5 years. Brain. 
2013;136:761–9.

 24. Dinkelbach L, Mueller J, Poewe W, Delazer M, Elben S, Wolters A, Karner E, Wittstock M, 
Benecke R, Schnitzler A, Volkmann J, Südmeyer M. Cognitive outcome of pallidal deep brain 
stimulation for primary cervical dystonia: One year follow up results of a prospective multi-
center trial. Parkinsonism Relat Disord. 2015; 8:976–980. https://doi.org/10.1016/j.parkrel-
dis.2015.06.002. Epub 2015 Jun 4. PMID: 26074391.

 25. Kaelin-Lang A, You H, Burgunder JM, Lönnfors-Weitze T, Loher TJ, Taub E, Isaias IU, Krauss 
JK, Michael Schüpbach WM.  Bilateral pallidal stimulation improves cervical dystonia for 
more than a decade. Parkinsonism Relat Disord. 2020;81:78–81. https://doi.org/10.1016/j.
parkreldis.2020.10.028. Epub 2020 Oct 15. PMID: 33075700.

 26. Jankovic J. Treatment of cervical dystonia with botulinum toxin. Mov Disord. 2004;19(Suppl 
8):S109–15.

 27. Tassorelli C, Mancini F, Balloni L, Pacchetti C, Sandrini G, Nappi G, Martignoni E. Botulinum 
toxin and neuromotor rehabilitation: an integrated approach to idiopathic cervical dystonia. 
Mov Disord. 2006;21:2240–3.

 28. Marsh WA, Monroe DM, Brin MF, Gallagher CJ.  Systematic review and meta-analysis of 
the duration of clinical effect of onabotulinumtoxinA in cervical dystonia. BMC Neurol. 
2014;14:91.

 29. Jankovic J, Schwartz K.  Botulinum toxin injections for cervical dystonia. Neurology. 
1990;40:277–80.

 30. Tsui JK, Eisen A, Stoessl AJ, Calne S, Calne DB. Double-blind study of botulinum toxin in 
spasmodic torticollis. Lancet. 1986;2:245–7.

 31. Greene P, Kang U, Fahn S, Brin M, Moskowitz C, Flaster E. Double-blind, placebo-controlled 
trial of botulinum toxin injections for the treatment of spasmodic torticollis. Neurology. 
1990;40:1213–8.

 32. Lorentz IT, Subramaniam SS, Yiannikas C. Treatment of idiopathic spasmodic torticollis with 
botulinum toxin A: a double-blind study on twenty-three patients. Mov Disord. 1991;6:145–50.

 33. Lew MF, Adornato BT, Duane DD, Dykstra DD, Factor SA, Massey JM, Brin MF, Jankovic J, 
Rodnitzky RL, Singer C, Swenson MR, Tarsy D, Murray JJ, Koller M, Wallace JD. Botulinum 
toxin type B: a double-blind, placebo-controlled, safety and efficacy study in cervical dystonia. 
Neurology. 1997;49:701–7.

 34. Poewe W, Deuschl G, Nebe A, Feifel E, Wissel J, Benecke R, Kessler KR, Ceballos-Baumann 
AO, Ohly A, Oertel W, Künig G. What is the optimal dose of botulinum toxin A in the treat-
ment of cervical dystonia? Results of a double blind, placebo controlled, dose ranging study 
using Dysport. German Dystonia Study Group. J Neurol Neurosurg Psychiatry. 1998;64:13–7.

 35. Brashear A, Lew MF, Dykstra DD, Comella CL, Factor SA, Rodnitzky RL, Trosch R, Singer 
C, Brin MF, Murray JJ, Wallace JD, Willmer-Hulme A, Koller M.  Safety and efficacy of 
NeuroBloc (botulinum toxin type B) in type A-responsive cervical dystonia. Neurology. 
1999;53:1439–46.

 36. Brin MF, Lew MF, Adler CH, Comella CL, Factor SA, Jankovic J, O’Brien C, Murray JJ, 
Wallace JD, Willmer-Hulme A, Koller M. Safety and efficacy of NeuroBloc (botulinum toxin 
type B) in type A-resistant cervical dystonia. Neurology. 1999;53:1431–8.

 37. Wissel J, Kanovsky P, Ruzicka E, Bares M, Hortova H, Streitova H, Jech R, Roth J, Brenneis 
C, Müller J, Schnider P, Auff E, Richardson A, Poewe W. Efficacy and safety of a standardized 
500 unit dose of Dysport (clostridium botulinum toxin type A haemaglutinin complex) in a 
heterogeneous cervical dystonia population: results of a prospective, multicenter, randomized, 
double-blind, placebo-controlled, parallel group study. J Neurol. 2001;248:1073–8.

 38. Truong D, Duane DD, Jankovic J, Singer C, Seeberger LC, Comella CL, Lew MF, Rodnitzky 
RL, Danisi FO, Sutton JP, Charles PD, Hauser RA, Sheean GL. Efficacy and safety of botuli-
num type A toxin (Dysport) in cervical dystonia: results of the first US randomized, double- 
blind, placebo-controlled study. Mov Disord. 2005;20:783–91.

References

https://doi.org/10.1016/j.parkreldis.2015.06.002
https://doi.org/10.1016/j.parkreldis.2015.06.002
https://doi.org/10.1016/j.parkreldis.2020.10.028
https://doi.org/10.1016/j.parkreldis.2020.10.028


252

 39. Truong D, Brodsky M, Lew M, Brashear A, Jankovic J, Molho E, Orlova O, Timerbaeva 
S. Global Dysport Cervical Dystonia Study Group. Long-term efficacy and safety of botuli-
num toxin type A (Dysport) in cervical dystonia. Parkinsonism Relat Disord. 2010;16:316–23.

 40. Comella CL, Jankovic J, Truong DD, Hanschmann A, Grafe S, U.S.  XEOMIN Cervical 
Dystonia Study Group. Efficacy and safety of incobotulinumtoxinA (NT 201, XEOMIN®, 
botulinum neurotoxin type A, without accessory proteins) in patients with cervical dystonia. J 
Neurol Sci. 2011;308:103–9.

 41. Charles D, Brashear A, Hauser RA, Li HI, Boo LM, Brin MF. CD 140 Study Group. Efficacy, 
tolerability, and immunogenicity of onabotulinumtoxina in a randomized, double-blind, 
placebo- controlled trial for cervical dystonia. Clin Neuropharmacol. 2012;35:208–14.

 42. Fernandez HH, Pappert EJ, Comella CL, Evidente VG, Truong DD, Verma A, Jankovic 
J. Efficacy and safety of incobotulinumtoxinA in subjects previously treated with botulinum 
toxin versus toxin-naïve subjects with cervical dystonia. Tremor Other Hyperkinet Mov (NY). 
2013; 3. pii: tre-03-140-2921-1. Print 2013.

 43. Kaji R, Shimizu H, Takase T, Osawa M, Yanagisawa N. [A double-blind comparative study to 
evaluate the efficacy and safety of NerBloc® (rimabotulinumtoxinB) administered in a single 
dose to patients with cervical dystonia]. Brain Nerve 2013; 65:203–211.

 44. Mordin M, Masaquel C, Abbott C, Copley-Merriman C. Factors affecting the health-related 
quality of life of patients with cervical dystonia and impact of treatment with abobotulinum-
toxinA (Dysport): results from a randomised, double-blind, placebo-controlled study. BMJ 
Open. 2014 Oct 16;4(10):e005150. https://doi.org/10.1136/bmjopen- 2014- 005150. PMID: 
25324317; PMCID: PMC4201999.

 45. Poewe W, Burbaud P, Castelnovo G, Jost WH, Ceballos-Baumann AO, Banach M, Potulska- 
Chromik A, Ferreira JJ, Bihari K, Ehler E, Bares M, Dzyak LA, Belova AN, Pham E, Liu 
WJ, Picaut P. Efficacy and safety of abobotulinumtoxinA liquid formulation in cervical dys-
tonia: A randomized-controlled trial. Mov Disord. 2016 Nov;31(11):1649–1657. https://doi.
org/10.1002/mds.26760. Epub 2016 Sep 21. PMID: 27653448.

 46. Charles PD, Manack Adams A, Davis T, Bradley K, Schwartz M, Brin MF, Patel AT. Neck pain 
and cervical dystonia: treatment outcomes from CD PROBE (cervical dystonia patient regis-
try for observation of onabotulinumtoxinA efficacy). Pain Pract. 2016 Nov;16(8):1073–1082. 
https://doi.org/10.1111/papr.12408. Epub 2016 Feb 23. PMID: 26910788.

 47. Laubis-Herrmann U, Fries K, Topka H.  Low-dose botulinum toxin-a treatment of cervical 
dystonia – a double-blind, randomized pilot study. Eur Neurol. 2002;47(4):214–21. https://doi.
org/10.1159/000057902. PMID: 12037435

 48. Ranoux D, Gury C, Fondarai J, Mas JL, Zuber M. Respective potencies of Botox and Dysport: a 
double blind, randomised, crossover study in cervical dystonia. J Neurol Neurosurg Psychiatry. 
2002 Apr;72(4):459–462. https://doi.org/10.1136/jnnp.72.4.459. PMID: 11909903; PMCID: 
PMC1737843.

 49. Comella CL, Jankovic J, Shannon KM, Tsui J, Swenson M, Leurgans S, Fan W. Dystonia 
Study Group. Comparison of botulinum toxin serotypes A and B for the treatment of cervical 
dystonia. Neurology. 2005;65:1423–9.

 50. Pappert EJ, Germanson T, Myobloc/Neurobloc European Cervical Dystonia Study Group. 
Botulinum toxin type B vs. type A in toxin-naïve patients with cervical dystonia: Randomized, 
double-blind, noninferiority trial. Mov Disord. 2008;15(23):510–7.

 51. Quagliato EM, Carelli EF, Viana MA. A prospective, randomized, double-blind study compar-
ing the efficacy and safety of type a botulinum toxins botox and prosigne in the treatment of 
cervical dystonia. Clin Neuropharmacol. 2010;33:22–6.

 52. Barbosa PM, Rodrigues GR, de Oliveira DS, de Souza CP, Tumas V. Comparison between 
Dysport and Prosigne in the treatment of cervical dystonia. Clin Neuropharmacol. 2015 Nov- 
Dec;38(6):221–6. https://doi.org/10.1097/WNF.0000000000000107. PMID: 26536017.

 53. Brans JW, Linderboom R, Snoek JW, Zwarts MJ, van Weerden TW, Brunt ER, van Hilten JJ, 
van der Kamp W, Prins MH, Speelman JD. Botulinum toxin versus trihexyphenidyl in cervical 
dystonia: a prospective, randomized, double-blind trial. Neurology. 1996;46:1066–72.

12 Treatment of Dystonic Pain with Botulinum Neurotoxins

https://doi.org/10.1136/bmjopen-2014-005150
https://doi.org/10.1002/mds.26760
https://doi.org/10.1002/mds.26760
https://doi.org/10.1111/papr.12408
https://doi.org/10.1159/000057902
https://doi.org/10.1159/000057902
https://doi.org/10.1136/jnnp.72.4.459
https://doi.org/10.1097/WNF.0000000000000107


253

 54. LeWitt PA, Burns RS, Newman RP. Dystonia in untreated parkinsonism. Clin Neuropharmacol. 
1986;9:293–7.

 55. Tinazzi M, Del Vesco C, Fincati E, Ottaviani S, Smania N, Moretto G, Fiaschi A, Martino 
D, Defazio G.  Pain and motor complications in Parkinson’s disease. J Neurol Neurosurg 
Psychiatr. 2006;77:822–5.

 56. Buhmann C, Kassubek J, Jost WH. Management of pain in Parkinson’s disease. J Parkinsons 
Dis. 2020;10(s1):S37–S48. https://doi.org/10.3233/JPD- 202069. PMID: 32568113; PMCID: 
PMC7592654.

 57. Pacchetti C, Albani G, Martignoni E, Godi L, Alfonsi E, Nappi G. ‘Off’ painful dystonia in 
Parkinson’s disease treated with botulinum toxin. Mov Disord. 1995;10:333–6.

 58. Duarte J, Sempere AP, Coria F, Claveria LE, Frech FA, Mataix AL, Martinez E. Isolated idio-
pathic adult-onset foot dystonia and treatment with botulinum toxin. J Neurol. 1995;242:114–5.

 59. Jankovic J, Tintner R. Dystonia and Parkinsonism. Parkinsonism Relat Disord. 2001;8:109–21.
 60. Cordivari C, Misra VP, Catania S, Lees AJ. Treatment of dystonic clenched fist with botulinum 

toxin. Mov Disord. 2001;16:907–13.
 61. Sheffield JK, Jankovic J. Botulinum toxin in the treatment of tremors, dystonias, sialorrhea and 

other symptoms associated with Parkinson’s disease. Expert Rev Neurother. 2007;7:637–47.
 62. Rieu I, Degos B, Castelnovo G, Vial C, Durand E, Pereira B, Simonetta-Moreau M, Sangla 

S, Fluchère F, Guehl D, Burbaud P, Geny C, Gayraud D, Ory-Magne F, Bouhour F, Llinares 
E, Derost P, Marques A, Durif F. Incobotulinum toxin A in Parkinson’s disease with foot dys-
tonia: a double blind randomized trial. Parkinsonism Relat Disord. 2018 Jan;46:9–15. https://
doi.org/10.1016/j.parkreldis.2017.10.009. Epub 2017 Oct 19. PMID: 29102441.

 63. Bruno V, Freitas ME, Mancini D, Lui JP, Miyasaki J, Fox SH. Botulinum toxin type A for 
pain in advanced Parkinson’s disease. Can J Neurol Sci. 2018 Jan;45(1):23–29. https://doi.
org/10.1017/cjn.2017.245. PMID: 29334040.

 64. Bruno VA, Fox SH, Mancini D, Miyasaki JM. Botulinum toxin use in refractory pain and 
other symptoms in Parkinsonism. Can J Neurol Sci. 2016 Sep;43(5):697–702. https://doi.
org/10.1017/cjn.2016.279. Epub 2016 Aug 12. PMID: 27514242.

 65. Müller J, Wenning GK, Wissel J, Seppi K, Poewe W. Botulinum toxin treatment in atypical 
parkinsonian disorders associated with disabling focal dystonia. J Neurol. 2002;249:300–4.

 66. Cardoso F. Botulinum toxin in parkinsonism: the when, how, and which for botulinum toxin 
injections. Toxicon. 2018 Jun 1;147:107–110. https://doi.org/10.1016/j.toxicon.2017.08.018. 
Epub 2017 Aug 23. PMID: 28837826.

 67. McKeon A, Matsumoto JY, Bower JH, Ahlskog JE. The spectrum of disorders presenting as 
adult-onset focal lower extremity dystonia. Parkinsonism Relat Disord. 2008;14:613–9.

 68. Pedemonte C, Pérez Gutiérrez H, González E, Vargas I, Lazo D. Use of onabotulinumtoxinA 
in post-traumatic oromandibular dystonia. J Oral Maxillofac Surg. 2015 Jan;73(1):152–157. 
https://doi.org/10.1016/j.joms.2014.07.027. Epub 2014 Jul 30. PMID: 25315313.

References

https://doi.org/10.3233/JPD-202069
https://doi.org/10.1016/j.parkreldis.2017.10.009
https://doi.org/10.1016/j.parkreldis.2017.10.009
https://doi.org/10.1017/cjn.2017.245
https://doi.org/10.1017/cjn.2017.245
https://doi.org/10.1017/cjn.2016.279
https://doi.org/10.1017/cjn.2016.279
https://doi.org/10.1016/j.toxicon.2017.08.018
https://doi.org/10.1016/j.joms.2014.07.027


255© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
B. Jabbari, Botulinum Toxin Treatment of Pain Disorders, 
https://doi.org/10.1007/978-3-030-99650-5_13

Chapter 13
Botulinum Toxin Treatment of Piriformis 
Syndrome

 Introduction

In 1928, Yeomin published an article in Lancet mentioning piriformis muscle as a 
cause of sciatic and low back pain for the first time [1]. The term “piriformis syn-
drome” was coined by Robinson in 1947 [2]. Piriformis syndrome (PS) is defined 
as a clinical condition characterized by pain in the buttocks, often worsened by 
prolonged sitting. It is believed that PS is caused by entrapment of sciatic nerve or 
its roots near the ischial tuberosity by either a hypertrophied or an anomalous piri-
formis muscle. Due to the difficulty in finding an exact pathology in many patients, 
lack of clear neuroimaging abnormalities and electrophysiological data, some spe-
cialists have challenged the existence of this syndrome [3, 4]. It is currently believed, 
however, that the syndrome exists and is the cause of buttock pain and sciatica in a 
sizeable number of patients.

The true incidence of piriformis syndrome is not known. Investigators have esti-
mated that 0.3–6% of all cases of sciatica and low back pain represent PS [5–7]. 
Based on these estimates, PS would affect over approximately, 2.4 million people in 
the United States annually posing a significant health issue and a challenge to clini-
cians. Females are more commonly affected. The onset of symptoms is usually at 
middle age.

The cause of piriformis syndrome, in many cases, remains unknown. 
Hypertrophied piriformis muscle or anomalous piriformis muscle pressing against 
sciatic nerves or sciatic roots, early division of sciatic nerve, as well as trauma to the 
pelvis and gluteal area are considered plausible etiologies. Less common causes 
include disease of the sacroiliac joint, intragluteal injections, myositis, hematoma, 
abscess, and regional neoplasm.

Pain is the major symptom of PS, and it is often present during prolonged sitting 
or squatting [8]. The pain is felt mainly in the buttock and may radiate down the 
thigh. Less commonly, it is felt in the lower back region. On examination, pressure 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99650-5_13&domain=pdf
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over the area of sciatic notch may induce pain. In a review of 50 previously pub-
lished papers on piriformis syndrome, Hopyian et  al. [6] found buttock pain 
(50–95%), pain aggravated by sitting (39–97%), and external tenderness near the 
greater sciatic notch (59–92%) as the most common presenting symptoms of the 
piriformis syndrome. The piriformis sign is described as a tonic external rotation of 
the leg and was observed in 38.5% of the patients in one study [9]. A small number 
of patients may demonstrate mild muscle weakness related to sciatic nerve dysfunc-
tion. Diminished knee and ankle jerks occur infrequently. Certain maneuvers that 
generate buttock pain are considered supportive of the diagnosis of piriformis syn-
drome (Table 13.1). More details of clinical signs and symptoms of piriformis syn-
drome have been published in several recent reviews [6–8, 10–12].

In 2002, Fishman et al. [13] proposed the following criteria for diagnosis of PS:

 1. Positive Lasegue sign is flexion of the thigh when the leg is extended at 45°.
 2. Buttock pain during FAIR maneuver.
 3. Tenderness to touch at the sciatic notch or prolonged peroneal H reflex when 

elicited during the FAIR maneuver.

Absence of neuropathy or myopathy in electrodiagnostic studies also supports 
the diagnosis of PS. Campbell and Landau [14] challenged some components of this 
criteria, noting that the Lasegue sign is nonspecific and the peroneal H reflex is not 
that reliable.

 Anatomy

Piriformis, a triangular-shaped muscle, originates from the anterior border of the 
second, third, and fourth sacral bone segments and the superior margin of the greater 
sciatic notch. It attaches to the superior margin of the greater trochanter after pass-
ing inferolaterally through the greater sciatic foramen. The muscle is located deep 
in the thigh and is under the large bulk of gluteus maximus muscle. The superior and 
inferior gemulus muscles lie inferior to the piriformis muscle (Fig. 13.1). The ven-
tral rami of S1 and S2 nerve roots join and form the piriformis nerve which inner-
vates the piriformis muscle. Piriformis muscle externally rotates an extended leg 
and adducts a flexed leg [15]. The sciatic nerve is in close proximity to the pirifor-
mis muscle. Ventral rami of L4 to S3 nerve roots join and form the sciatic nerve at 

Table 13.1 Clinical maneuvers used for diagnosis of piriformis syndrome

Beaty maneuver: Patient lying in lateral decubitus position, actively abducts the extended thigh
Pace maneuver: Patient sits on a table and adducts the thigh against the examiner’s hand
Feiberg maneuver: Patient in supine position with leg extended, the examiner passively rotates 
the whole leg internally
Fair maneuver: Patient in supine position, the examiner passively flexes, adducts, and rotates 
the thigh internally
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the inferior edge of the piriformis muscle (Fig.  13.1). This proximity makes the 
nerve vulnerable to pressure from an enlarged or overactive muscle. Natsis et al. 
[16] examined the relation of piriformis muscle to the sciatic nerve in 147 cadavers. 
Six variations of the anatomical relation of sciatic nerve to the piriformis muscle 
have been described (Fig. 13.2). The most common variant noted in about 90% of 

Fig. 13.1 Anatomy of piriformis muscle from Miller et al. [5]. (Reprinted with permission from 
John Wiley and sons)

Fig. 13.2 Anatomical variations of sciatic nerve in relation to the piriformis muscle according to 
Natsis et  al., in Surgical Radiological Anatomy 2014 [16]. (Drawing courtesy of Tahere 
Moussavi, M.D.)

Anatomy
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cases is that the entire nerve trunk passes under the inferior border of the piriformis 
muscle (Fig.  13.2, variant 1). Other variants are seen in approximately 10% of 
the cases.

Currently, the precise contribution of the uncommon variants to the development 
of piriformis syndrome has not been established. Some authors have suggested that 
when the nerve trunk or one of its branches (i.e., the peroneal) go through the mus-
cle (variants 2 and 4, Fig. 13.2), the nerve becomes more susceptible to piriformis 
contraction. Future studies with focus on clinico-anatomical correlation and with 
more refined neuroimaging techniques could verify or refute these claims.

 Pathophysiology of the Piriformis Syndrome

There are currently two schools of thought regarding the mechanism of pain devel-
opment which is the main symptom of the piriformis syndrome. One group consid-
ers the piriformis syndrome as a form of entrapment disorder in which pressure 
from the tense and contracted piriformis muscle against the sciatic nerve or its 
branch, peroneal nerve (which in some individuals goes through the muscle), causes 
pain and discomfort in the buttock. Others postulate that PS is caused by an anom-
aly intrinsic to the piriformis muscle. The nature of this anomaly could be a large 
piriformis muscle or a tense and hyperactive one (dystonic) or both. The two pro-
posed mechanisms (entrapment versus intrinsic muscle disorder) are not mutually 
exclusive and may co-exist. Recent modern neuroimaging techniques have helped 
to discern different pathologies in patients affected by PS. In one study [17], authors 
found abnormalities in CT or MRI in 63.8% of 116 patients affected by 
PS.  Enlargement of piriformis muscle was found in 45.9% of the patients with 
40.5% showing abnormal signal intensity/density in the muscle. In 25.7% of the 
patients, there were abnormalities of the sciatic nerve consistent with sciatic neuri-
tis. Among other pathologies, a space-occupying lesion was presented as the most 
common pathology.

 Treatment of the Piriformis Syndrome (PS)

The current medical and surgical treatments of piriformis syndrome have been 
described recently in an updated comprehensive review [18].

Nonpharmacological approaches include physical therapy, acupuncture, and dry 
needling. Physical therapy is focused on stretching exercises of the piriformis mus-
cles. One part of the stretching program includes FAIR maneuver (Table  13.1) 
which, at the beginning, may be uncomfortable due to the associated induced pain. 
Gulledge et al. [19] measured the length of piriformis muscle by CT scan at three 
positions, supine and two supine positions with added stretch in adduction and 
external rotation. The stretches increased the length of the piriformis muscle by 
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12%. Heat and ultrasound therapy may enhance the effects of the stretching exer-
cises [10]. Acupuncture has helped some patients with PS; triple acupuncture pro-
duced better results than the conventional one [20]. In one randomized study, dry 
needling of piriformis muscle under ultrasound (16 patients) improved patients’ 
pain (measured by VAS) after one week compared to 16 controls (P = 0.007) [21]. 
Nonsteroidal anti-inflammatory drugs, muscle relaxants, and analgesics commonly 
used for neuropathic pain such as gabapentin and pregabalin may offer help in some 
patients.

When nonpharmacological approaches and pharmacological treatments fail in 
PS and chronic pain interferes with daily tasks, injection of anesthetic agents or 
corticosteroids into the piriformis muscle may relieve pain. Unfortunately, high- 
quality studies are not available to define the efficacy of such injections in patients 
with piriformis syndrome. In a large retrospective study, however, Fishman et al. 
reported their 10-year experience in over 500 patients with PS who had received 
these injections [13]. In most patients, injections were done via anatomical land-
marks and without EMG guidance. Each patient received 1.5 ml of 2% lidocaine 
mixed with 0.5 ml (20 mg) of triamcinolone. The injecting needle was 3.5 in long 
(gauge 23–25). Patients were followed every few months up to 48 months; signifi-
cant improvement of pain was noted in 71% of the patients. The duration of pain 
relief after steroid injections is unclear and deserves further investigation. Currently, 
surgical treatment of piriformis syndrome is rarely performed and is limited to those 
cases in which magnetic resonance imaging defines a distinct pathology (tumor, 
abscess, vascular anomaly).

 Botulinum Toxin Treatment of Piriformis Syndrome

The first case series suggesting the efficacy of botulinum toxin in relieving pain of 
piriformis syndrome was published by Fanucci et al. in 2001 [22]. In an open label 
observation, 30 patients received 200 units of onabotulinumtoxinA (onaA Botox) 
into the piriformis muscle under computed tomography (CT) guidance. A response 
was considered significant if pre-injection pain induced by forceful flexion/internal 
rotation of the involved leg resolved after injection. Twenty-six of 30 patients expe-
rienced pain relief when assessed 5–7 days after treatment with onaA. The four 
patients who did not get any relief from pain received a second injection which then, 
according to the authors, relieved the pain.

 Double-Blind, Placebo-Controlled Studies of BoNTs 
in Piriformis Syndrome

Three double-blind, placebo-controlled studies have evaluated the efficacy of botu-
linumtoxinA in pain relief among patients with piriformis syndrome [23–25].

Double-Blind, Placebo-Controlled Studies of BoNTs in Piriformis Syndrome
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Fishman et al. [23], using the criteria cited above for diagnosis of PS, blindly 
studied three groups of subjects with intramuscular injections under electromyo-
graphic guidance. Group 1 consisted of 26 patients who received 200 units of ona-
botulinumtoxinA (onaA). In group II, 37 subjects received triamcinolone 20 mg 
mixed with 2% lidocaine 2% (T/L). In group III, 24 subjects received normal saline. 
Patients were examined every 2 weeks after injection for a total of 12 weeks. A 
significant response was considered as a 50% reduction in pain intensity (using 
VAS), compared to baseline at one or both of the last two evaluations. A significant 
response was noted in 65% of onaA group, 32% of T/L group, and 6% of the pla-
cebo group (P = 0.001 and P = 0.005, respectively). No side effects were noted.

Childers et al. [24] conducted a prospective, placebo-controlled, double-blind, 
cross-over study with onaA and saline in nine patients with piriformis syndrome. 
After an initial injection of 100 units of onaA into the piriformis muscle under fluo-
roscopic guidance, pain was assessed over an eight-week period with visual analog 
scale (VAS). This was followed by a second injection after a four-week washout 
period. Patients served as their own controls. The authors noted significant decrease 
in pain, measured by VAS, from day 4 to day 32 postonabotulinum-A injection 
(P < 0.05); there was also significant improvement of daily routine activities from 
day 5 to day 59 after onaA injection. No subject reported any side effect.

More recently, Fishman et  al., in a double-blind placebo-controlled study, 
assessed the efficacy of incobotulinumtoxinA (Xeomin, incoA) in 56 patients with 
PS [25]. The patients in the toxin group received 300 units of incoA diluted in 3 ml 
of normal saline, whereas the patients in the placebo group received the same vol-
ume of saline. The total toxin dose was divided by four; 75 units were injected into 
the piriformis muscle at four sites. Inclusion criteria, in addition to pain complaint, 
consisted of presence of delay (3 standard deviation) of posterior tibial or fibular 
H-reflexes on flexion, adduction, and internal rotation (FAIR) testing, and normal 
paraspinal electromyographic findings. Outcome measures included visual analog 
scale (VAS) for pain, H-reflex delay on the FAIR test, and adverse side effects.

The primary outcome measure of the study (mean VAS score) decreased signifi-
cantly in the toxin group compared to placebo at 2, 4, 6, 8,10, and 12 weeks after the 
toxin injection (P < 0.0001). FAIR test scores decreased significantly more in the 
toxin group compared with placebo at 2, 4, 6, and 8  weeks after injection (PT: 
P = 0.038, 0.003, 0.003, and 0.046, respectively). Adverse effects were minimal. 
Several open label studies have also suggested the efficacy of BoNTs in PS [11, 26, 
28] (Table 13.2).

 Technical Points

With the patient lying on the healthy side and the affected leg on the top with both 
the knee and the hip joints flexed, the point of entry of the injecting needle should 
be located at one centimeter below the middle of the line which connects the greater 
trochanter to the posterior rim of the iliac crest [27] (Fig.  13.3). A hollow, 
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75–100 mm, dual purpose needle is used for both the EMG recording and injection. 
The needle is inserted deep into the muscle traversing through the gluteus maximus 
toward the underlying piriformis muscle. The piriformis muscle is activated by lat-
eral rotation of the leg. After identification of the piriformis muscle by EMG, using 
the aforementioned approach, BoNT-A is injected into the muscle through the hol-
low core of the needle.

I use 100  units of onaA diluted in 1  cc of preservative-free saline and inject 
(under EMG guidance) half of the solution into the core of piriformis muscle and 
the other half an inch more superficially. The needle should be long, at least 5 in, in 
order to reach the piriformis muscle. In my experience, 50% of the patients with 
recalcitrant piriformis syndrome respond well to botulinum toxin injection. 
However, my experience with botulinum toxin therapy in this pain disorder is lim-
ited only to a dozen patients.

 Comparator Studies

In addition to the above-cited study of Fishman et al. [23] which had a comparator 
arm, two other comparator studies have compared the effects of BoNT injection 
with steroid injections.

Porta et al. [29] compared the effect of onabotulinumetoxineA (100 units) with 
methylprednisolone (80 mg) in 40 subjects with myofascial pain syndrome, 23 of 

Fig. 13.3 Technique of piriformis muscle injection. (Reproduced from Michel et al. 2013 [11]. 
Annals of Physical Rehabilitation Medicine. With permission from publisher (Elsevier 
Masson SAS))
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whom carried the diagnosis of piriformis syndrome. Changes in the visual analog 
scale (VAS) were used as the primary outcome measure. On day 30, post injection, 
onaA reduced pain more than triamcinolone (P = 0.06). On day 60, post injection, 
onaA was significantly more effective than triamcinolone (VAS 2.3 versus 4.9, 
P < 0.0001). It is hard to determine the specific effect of onaA on pain of the patients 
with PS in this study since the results of the study were presented for the entire 
group, including 17 subjects without PS.

In an open label comparator study, Yoon et al. [30] compared the effect of abob-
otulinum toxinA (150 mg) with dexamethasone (5 mg mixed with 1% Novocaine) 
injections into the piriformis muscle in 29 patients with PS. Twenty patients received 
aboA and 9 received dexamethasone. The level of pain was assessed with VAS; 
changes in routine daily activity were evaluated by SF36 at baseline, 4, 8, and 
12 weeks.

At 4, 8, and 12 weeks after injection, the mean VAS pain score was significantly 
lower in the subjects who received abobotulinumtoxinA compared to baseline 
(P < 0001). At 4 weeks, several subsets of SF36, general health, social function, 
physical function, and vitality also improved significantly in the aboA group 
(P < 0.05). On the other hand, the dexamethasone group showed no improvement 
and, in fact, the nine patients in this group had to be taken out of the study at 
4 weeks due to continued pain, requiring other methods of pain management.

 The Mechanism of Botulinum Toxin Action 
in Piriformis Syndrome

The analgesic effect of Botulinum toxins in pirifromis syndrome is most likely 
through neuromuscular and neural mechanisms. The neuromuscular mechanism is 
via well-known effect of BoNTs at neuromuscular junction which by deactivating 
the SNARE proteins blocks the release of acetylcholine from presynaptic vesicles. 
The resultant muscle relaxation can reduce the pressure from piriformis muscle 
upon the nearby sciatic nerve alleviating piriformis tension, pain, and spasms. 
Furthermore, intramuscular injection of botulinum toxins invariably results in 
reversible muscle atrophy. A decrease in the bulk of piriformis muscle can again 
reduce the pressure against the sciatic nerve or its branches in a tight compartment. 
Recent CT and MRI studies have shown presence of hypertrophied piriformis mus-
cle in a sizeable number of patients with piriformis syndrome. In one study on PS, 
CT demonstrated an enlarged piriformis muscle in 45.9% of the patients [17].

In recent years, a growing body of literature indicates that the analgesic effects 
of BoNTs after intramuscular injection are mostly related to their direct effect upon 
the peripheral nerve terminals and peripheral neurons. In the case of BoNT-A, the 
injected toxin is capable of reducing the peripheral action of major pain transmit-
ters, namely, calcitonin gene-related peptide (CGRP), substance P (SP), and gluta-
mate [31, 32]. It has been shown that cleaved SNAP 25 (protein target of BoNTA) 

The Mechanism of Botulinum Toxin Action in Piriformis Syndrome
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travels from periphery to dorsal root ganglion (DRG) and there is ample evidence 
that it blocks the release of pain transmitters from DRG neurons [33, 34]. Similar 
observations have been reported in DRG and trigeminal cell cultures [35, 36]. 
Additionally, several investigators have shown evidence for central action of type A 
and type B toxins after intramuscular or subcutaneous injection in both animals and 
in human subjects [37–39].

In recalcitrant piriformis syndrome, like any chronic pain condition, the mainte-
nance of pain is the result of peripheral and central sensitization of the sensory 
neurons [40]. After peripheral injection, botulinum toxins A and B can specifically 
reduce the release of substance P and cFos activation in spinal neurons [33, 41]. 
Finally, when central sensitization develops, the wide range action neurons of the 
spinal cord start perceiving non-nociceptive peripheral stimuli as nociceptive lead-
ing to enhancement of pain perception [42]. One of the major non-nociceptive 
inputs to the central nervous system comes from the intrafusal muscle fibers (mus-
cle spindles) that constantly report the length of the muscle to the spinal neurons. It 
has been shown that intramuscular injection of botulinumtoxinA leads to marked 
suppression of intrafusal muscle fiber discharges [43, 44].

 Conclusion

The data from blinded and open label studies demonstrate that BoNT injections into 
piriformis muscle are safe and able to alleviate pain in recalcitrant piriformis syn-
drome. Using the efficacy criteria set forth by the guideline and development sub-
committee of the America Academy of Neurology [45, 46], based on the current 
literature, the level of efficacy is B (probably effective) due to availability of three 
class II studies [23–25]; an A efficacy level needs two class I studies. Comparator 
studies have shown that injection of BoNT-As (onaA and aboA) into the piriformis 
muscle induces better and longer pain relief than steroid injections.

In recent years, the technique of injection has improved by better identification 
of the piriformis muscle through the use of ultrasound and more refined CT and 
MRI techniques [47]. The toxin’s effective minimum dose for treatment of PS is a 
matter of debate, and an optimal dose of the botulinum neurotoxin for relieving the 
pain in PS remains to be established. In the case of BoNTA’s dose, in agreement 
with other investigators [24, 27, 28], we used 100 units of onaA, whereas Fishman 
et al. [23, 25] have used higher doses (200 units of onaA and 300 units of incoA). 
One group of investigators, in an open label study [30], claimed success with low 
toxin dose that is 150 units of aboA (roughly comparable to 50–70 units of onaA). 
Establishment of efficacy and defining the minimum effective dose of BoNTs in PS 
requires conducting a randomized, double-blind, multicenter clinical trial on a large 
cohort of patients with piriformis syndrome.
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Chapter 14
Botulinum Toxin Therapy for Prevention 
of Postsurgical Pain

 Introduction

Following a number of surgical procedures, the muscles affected by surgery may 
contract and cause local muscle spasms and pain. In 20–40% of the affected patients, 
pain can be severe and responds poorly to analgesic medications [1]. A growing 
body of literature strongly suggests that injection of BoNT into the involved mus-
cles before the intended surgical procedure can reduce and sometimes prevent post-
surgical pain. Alleviation and prevention of postsurgical pain is obviously of 
significant importance to the patient.

 Postmastectomy Breast Reconstruction

After mastectomy, many patients develop anxiety and depression arising from the 
perception of distorted body image and loss of femininity [2, 3]. In Denmark, 
approximately 20% of women choose to have breast reconstruction after breast can-
cer surgery, and this number is increasing [4]. Several studies have shown that breast 
reconstruction after mastectomy can restore patients’ healthy body image and 
improve mental health and quality of life [5, 6].

Implant-based breast reconstruction is now the most common breast reconstruc-
tive technique performed after mastectomy [7]. It is a staged procedure during 
which, first, the surgeon imbeds an expander deep into the pectoral muscle followed 
by insertion of breast implants. The procedure may take weeks or even months. 
Unfortunately, during the expansion phase, many patients suffer from spasms of 
pectoralis muscle leading to severe pain. In some patients, spasms of pectoralis 
muscle may be quite severe and debilitating [8, 9] and lead to premature removal of 
the expander [10]. Muscle hypoxia during the expanding procedure can be a 
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causative factor as well. The hypoxic muscle fibers may undergo degeneration and 
fibrosis [11]. Recalcitrant and continuous pain after reconstructive surgery may 
require special procedures such as bilateral pectoral neurectomies [12, 13].

Breast reconstruction is the most common reconstruction surgery performed 
among cancers mounting to over 100,000 procedures each ear [14]. Commonly 
used nonopioid drugs used for prevention and alleviating pain associated with 
reconstruction/expansion surgery include acetaminophen and celecoxib. Many sur-
geons prescribe opioid analgesics pre-emptively in anticipation of postoperative 
pain [15]. Among opioid medications, oxycodone (5 mg tablets) is most commonly 
used. Opioid dependency, however, is a major issue and can develop in as high as 
7% among cancer patients [16]. The type of breast reconstruction may also influ-
ence postoperative pain. In one study, prepectoral breast reconstruction was associ-
ated with less postoperative pain and opioid intake compared to postpectoral 
reconstruction surgery [17]. Local infusion of anesthetic bupivacaine into mastec-
tomy skin flaps and serratus fascia [18] or continuous infusion of bupivacaine under 
the implant have been also used for reducing pain following postmastectomy recon-
structive surgery. Pacik et al. [19], using the latter approach, reported that 78% of 
the 644 consecutively studied patients experienced decreased pain in the morning 
after surgery before implant mobility exercises. More recently, the intrapectoral 
block of the lateral and medial pectoral nerves has been introduced to avoid the use 
of opioids for pain relief after breast reconstructive surgery. The procedure can be 
performed by an anesthesiologist under ultrasound guidance. A single dose of 
5–10  ml of 0.5% bupivacaine hydrochloride diluted 1:1 with saline is infused 
between the pectoralis major and minor muscles in one spot at the time of surgery 
(Fig. 14.1). Scheflan et al., using this technique, succeeded in avoiding the use of 
opioids in 350 patients who underwent reconstructive breast surgery [20].

Fig. 14.1 Technique of injection into pectoralis muscles. From Gabriel and Maxwell. Use of botu-
linum toxinA in postmastectomy breast reconstruction. (Reprinted from Botulinum toxinA treat-
ment in surgery, dentistry, and veterinary medicine. Jabbari B(ed). 2020. PP. 187–193. With 
permission from Springer Nature)

14 Botulinum Toxin Therapy for Prevention of Postsurgical Pain



271

 Botulinum Toxin Treatment of Pain After Breast 
Reconstructive Surgery

Intramuscular or subcutaneous injection of Botulinum neurotoxins (BoNT) can 
reduce pain via several mechanisms by reducing the release of pain transmitters 
(glutamate, calcitonin gene-related peptide, substance P) at the peripheral terminal 
and central synapses [21–34]. In human, their efficacy in reducing pain has been 
shown in several pain syndromes [35–44].

In 2014, Winocuor et al. [45] reviewed and reported the literature regarding the 
use of botulinum toxins for prevention or treatment of postmastectomy pain. They 
cited a total of eight studies in which injection of the neurotoxin was used for pain 
prevention. Most studies were considered weak with a rating of <5 in New Castle 
Ottawa Scale (NCOS, 0–8). Only the study of Layeeque et al. [46] was given a rat-
ing of 7 (on NCOS scale) for having a good design despite being a nonblinded 
study. The utilized dose of the toxin was comparable between different studies, and 
the investigators found injection of BoNTs intraoperatively helpful in preventing 
postmastectomy pain.

Layeeque et al. [46] conducted a prospective, randomized study in 48 patients 
who were undergoing mastectomy, followed by placement of expander. Twenty-two 
patients received onabotulinumtoxinA (onaA) and 26 did not. The groups were 
comparable in terms of age, tumor size, and expander size. In the onaA group, 
100 units of toxin were diluted with 40–60 cc of saline and injected at four sites into 
the pectoralis muscle before surgery (Fig. 14.1). Pain was evaluated through visual 
analog scale (VAS) (0–10). The group that received onaA experienced less pain 
shortly after surgery and during expansion procedures (P < 0.0001 and P < 0.009). 
A number of other parameters also improved including shorter hospital stay and the 
dose of morphine required during hospital stay for pain control. No side effects 
were reported.

Between 2015 and 2021, three double-blind, placebo -controlled studies have 
been published on the subject of BoNT therapy for postbreast reconstruction sur-
gery pain.

In 2015, Lo and Aycock [47] published the results of a blinded and placebo- 
controlled study on 23 women who had bilateral mastectomy and reconstructive 
surgery with expanders. All patients had bilateral subcutaneous bupivacaine pumps 
for pain control. Patients were injected intraoperatively with 100 units of onabotu-
linumtoxinA diluted in 10 ml of normal saline into the pectoralis muscles of one 
side and with normal saline into the pectoralis of the other side. The toxin or saline 
was delivered into the muscle in a fanlike fashion. The pain change between two 
sides was compared using a 0–10 numerical Visual Analogue Scale (VAS) at post-
operative day 1, and then weekly for 12 weeks. Both toxin and saline reduced pain 
significantly at days 1, 7, and 14 post-operatively. The difference between the two, 
however, was not statistically significant.

In the same year, Gabriel et al. [48] reported on 30 patients following mastecto-
mies with immediate expander/ADM reconstruction. The patients were divided into 
two groups. One group of 15 patients received 40  units of onabotulinumtoxinA 
(Botox-allergan) into each pectoralis major muscle intraoperatively through four 
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serial injections (Fig. 14.1). The placebo group of 15 patients received four serial 
injections of normal saline. The two groups were studied blindly. There was no 
significant difference between the two groups regarding age, expander size, lateral-
ity, and complications. The level of pain was measured by the visual analogue scale 
(VAS) with scores ranging from 0 to 10. The primary outcome was the change from 
the baseline of pain score. The secondary outcome was the amount of narcotics used 
during postoperative days, 1–3 and 3–45. The mean VAS score of the toxin group 
demonstrated significant pain reduction compared to placebo from day 7 to day 45 
(P < 0.0001). There was also a significant decrease in narcotic use in the toxin group 
noted between days 7–45 (P < 0.0001).

In 2020, Lemaine et al. [49] reported the results of a third double-blind, placebo- 
controlled study on this subject. The authors studied 131 patients with breast recon-
structive surgery and tissue expander placement of whom 52% received toxin 
injection and 48% received placebo. In the toxin group, 100 units of onabotulinum-
toxinA (Botox) were injected during surgery retrogradely into the pectoralis major 
muscle using a single injection. The pain intensity was measured by VAS and the 
patients’ well-being by the BREAST-Q scale. The authors found no significant dif-
ference between the toxin and placebo group in regard to changes of VAS and 
BREAST-Q. For both groups, the change in the VAS score was identical.

 Comment

Pain after breast reconstructive surgery with expander implant is a challenging issue 
for the breast surgeons. Although, a well-designed, open label prospective study 
with control group demonstrated statistically significant pain relief after BoNT 
injection into pectoralis muscle, the double-blind, placebo-controlled studies have 
been contradictory. Only one of the three studies [48] reported significant pain relief 
after BoNT injection. A close scrutiny of the reported data, however, reveals signifi-
cant differences in the design of the three studies. The two studies that reported 
negative results [47, 49] had high placebo effects; in fact, in one study, pain improve-
ment in the placebo group was identical to that of the toxin group. Such high pla-
cebo effects practically invalidated the reported negative efficacy results.

If one takes the positive result of the one study that had no significant placebo 
effect [48], at present, the level of efficacy of onabotulinumtoxinA in relief of 
postreconstruction breast surgery would be B (probably effective, based on the effi-
cacy guidelines of AAN) [50, 51]. Larger, controlled studies are needed to define 
the role of pectoralis muscle injection with BoNTs in reduction of pain that devel-
ops after insertion of expanders following reconstructive breast surgery.
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 Posthemorrhoidectomy Pain

Hemorrhoid is one of the most common forms of human ailments with a prevalence 
of 4–36% [52]. Men and women are equally affected. The prevalence increases with 
age from the beginning of adulthood until the seventh decade and declines thereaf-
ter. More individuals are affected in the higher socioeconomic groups and among 
Caucasians and Jews [53]. Hemorrhoidectomy ranks among the most common pro-
cedures in the United States and Europe with an annual rate of 60 and 46 per 100,000 
individuals reported in the United States and France, respectively [54, 55].

Postsurgical pain after hemorrhoidectomy is common and can be severe and 
exhausting [56]. The pain can occur at rest or during defecation and is generally 
attributed to spasms of the internal anal sphincter.

 Treatment of Posthemorrhoidectomy Pain

A diet that softens the stools, and intermittent sitz baths offer some relief. 
Pharmacological therapy includes the use of acetaminophen, nonsteroidal, anti- 
inflammatory analgesic drugs, muscle relaxants, and opioids. Blinded and placebo- 
controlled studies have shown partial efficacy for certain forms of topical ointments. 
Glyceryl trinitryte (GTN) ointment (0.2%) is now commonly used for treatment of 
posthemorrhoidectomy pain based on controlled investigations [57–59]. In one 
study [60], a combination of Gyceryl trinitrate ointment with lignocaine (lighno-
caine 2% and GTN 0.2%) has been found more effective than either treatment alone. 
Calcium channel blocker (CCB) ointments also have shown efficacy against post- 
hemorrhoidectomy pain in two-blinded, placebo-controlled studies [61, 62]. In both 
studies (one using diltiazem and the other nifidipine), the pain was considerably less 
at 7  days postsurgery in patients taking CCB compared to the placebo group 
(P < 0.05). A recent review with meta-analysis of the data from four randomized 
clinical trials (total of 57 patients) revealed that metronidazole can reduce posthem-
orrhoidectomy pain [63]. Four of three studies, however, had some degree of bias. 
Metronidazole, through its antimicrobial and antioxidant effects, promotes wound 
healing [64, 65].

In the case of persistent pain, other measures which have shown some efficacy in 
blinded studies may be employed. These consist of local anesthetic infiltration [66], 
anesthetic regional blockage [67], transdermal fentanyl [68], and diathermy exci-
sion [69]. More details on various approaches to manage posthemorrhoidectomy 
pain can be found in comprehensive reviews of this subject [70–72].

Treatment of Posthemorrhoidectomy Pain
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 Botulinum Toxin Treatment of Posthemorrhoidectomy Pain

The vast literature on the analgesic effect of BoNT injections [22–44] encouraged 
the colo-rectal specialist to investigate the efficacy of BoNT injections in relieving 
posthemorrhoidectomy pain. To date, four randomized, double-blind, placebo- 
controlled studies have been reported on this subject. There is also one randomized 
controlled study, and one prospective comparator study.

 Blinded, Placebo Controlled Studies

Davies et al. [73] conducted a double-blind, placebo-controlled study on 50 con-
secutive patients who were undergoing Milligan-Morgan hemorrhoidectomy. 
OnabotulinumtoxinA or saline was injected intraoperatively at two points (0.2 cc 
per site) into the posterior midline of the internal anal sphincter via a 27-gauge 
needle. In the case of onaA, the preparation consisted of 50 units in 1 cc of saline, 
hence 0.4 cc of the solution contained 20 units of the toxin. At the end of the proce-
dure, both groups were injected with 20 ml of bupivacaine (0.25%) into the perianal 
skin. Patients were also prescribed a seven-day supply of cocodomal 30/500 
(codeine phosphate 30  mg, paracetamol 500  mg, 4 times per day orally) and 
instructed to use it as required. Pain was assessed by visual analog scale/VAS (0–10) 
at baseline and then daily via a questionnaire for the 7 days following the procedure. 
The mean pain score at postoperative days 6 and 7 was significantly lower in the 
patients who had onaA injections (P < 0.05). No side effects were reported.

In another blinded and placebo-controlled study of 30 patients, the effect of 
BoNT-A versus saline was investigated during peri- and posthemorrhoidectomy 
symptoms including pain [74]. Patients had grades III and IV hemorrhoids. In the 
toxin group, the solution was prepared by adding 2 cc saline to the onaA vial of 
100 units (50 units/cc). Then 0.4 cc (20 units) was injected into the anterior midline 
of the anal sphincter at two points. The control group received the same volume of 
saline. Patients were assessed at baseline and then daily for 30 days.

The postoperative pain measured by VAS was significantly lower in the onaA 
group compared to the placebo during the first 7 days (P = 0.001). Subsequently, 
patients in the placebo group used a larger number of analgesic tablets compared to 
the onaA (22.3 ± 5.1 vs. 14.8 ± 6.2; P < 0.05). In the placebo group, the manometric 
anorectal resting pressure (MRP) was significantly raised (P < 0.05) on the fifth 
postoperative day, whereas it was significantly reduced (P  <  0.01) in the onaA 
group. The length of wound healing was 23.8 ± 4.1 days in the onaA group com-
pared to 31.3 ± 5.5 days in the placebo group (P < 0.05). The same investigators 
[75] found very similar positive findings in another double-blind study which 
assessed efficacy of intrasphincteral injection of onaA in relieving the pain of inop-
erable, thrombosed hemorrhoids. The type of toxin, dose, and technique of injection 
were identical to their postsurgical study.
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In contrast to the three abovementioned studies on posthemorrhoidectomy pain, 
a fourth placebo-controlled study of 32 patients with grades III and IV hemorrhoids 
found no improvement of postoperative pain and no change in RMP after injection 
of BoNT-A into the intersphincteric space [76]. The BoNT-A group, however, dem-
onstrated significantly lower squeeze resting pressure (P < 0.05) compared to the 
placebo. The authors used 150 units of abobotulinumtoxinA diluted in 0.5 cc of 
saline in this study. Pain and MRP were assessed over 14 days (13 and 13 patients 
in each group).

 Randomized, Controlled Study

Recently, the effect of intersphincteric BoNT-A injection on posthemorrhoidectomy 
pain was investigated in a randomized controlled study of 88 patients (44 toxin and 
44 control) [77]. In the toxin group, patients were injected (immediately after resec-
tion, before closing the wound) with 0.5 ml of a solution containing 30 units of 
onabotulinumtoxinA (Botox-Allergan). During the postoperative period, all patients 
(in both groups) received two oral antibiotics (metronidazole 400 mg, three times a 
day and norfloxacin 400 mg, twice a day) and diclofenac 25 mg oral three times a 
day for 1 week. The primary outcome was changes in pain, assessed by VAS. VAS 
score both at 12 h and 24 h after surgery was significantly lower in the toxin group 
compared to the control group (at 12 h: 4.435 ± 2.149 vs 6.232 ± 2.307, P < 0.001; 
at 24 h: 2.205 ± 2.079 vs 3.744 ± 2.361, P = 0.003). The toxin group had also a 
shorter time in defecation without pain compared to the control group (p = 0.007). 
There was no difference in immediate and delay complications between the 
two groups.

 Prospective, Randomized Comparator Studies

Patti et al. [78] evaluated the efficacy of onabotulinumtoxinA versus topical Glyceryl 
Trinitrate (GT) ointment in 30 patients with grades III and IV hemorrhoids undergo-
ing hemorrhoidectomy. In the toxin group, each patient received a total of 20 units 
(two injections, each 10 units) into anterior midline of anal sphincter. The dilution 
was 50 units/cc of saline, hence, 20 units /0.4 cc. The other group used topical GT 
(300 mg) three times daily for 30 days. The postsurgical pain (assessed by VAS), the 
duration of wound healing, and anorectal manometry were evaluated before and 
after hemorrhoidectomy. The onaA group demonstrated significant pain relief at 
rest, but not during defecation (P = 0.01, observed up to 7 days). Patients in the GT 
group used a larger number of analgesic tablets compared with the onaA group 
(20.4 T 6.1 vs. 16.8 GT 5.3; P < 0.05). The maximum resting pressure (MRP) was 
also decreased in the toxin group at both days 5 and 40 (P < 0.0001) postoperatively. 
The wound healing duration was shorter in the onaA group, but the difference did 
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not reach statistical significance. The authors concluded that a single injection of 
BoNT-A improved pain and reduced anorectal pressure significantly compared to 
1 month of GT treatment.

 Comment

The literature on the efficacy of onabotulinumtoxinA in reducing posthemorrhoid-
ectomy pain contains four double-blind, placebo-controlled, class II studies three of 
which [73–75] demonstrated the preventive value of BoNT injections in reducing 
postoperative pain. Furthermore, one Class II comparator study also reports the 
efficacy of onaA against this form of pain when compared with topical Glyceryl 
Trinitrate (GT) [78]. The positive effect of onabotulinumtoxinA in this area is also 
supported by a randomized, controlled study [77]. The one negative report on the 
efficacy of abobotulinumtoxinA for preventing posthemorrhoidectomy pain [76] is 
at odds with these positive observations. The injected dose of aboA (150 units) in 
this study cannot explain the failure of the toxin (aboA) since in clinical trials a 
2.5–3 unit/1unit (aboA/onaA) is often used. One explanation for the negative result 
of this particular study may be the difference between the employed techniques. A 
more plausible explanation is that results of this study show a large placebo effect 
as the mean of maximum pain score improved notably for both toxin and placebo 
around days 10–12. When the number of studied patients is small and both drug and 
placebo show similar degree of improvements of a measured outcome, the results 
do not necessarily negate the efficacy of the drug. If we take into account the blinded 
studies that did not show a large placebo effect [73–75], the level of efficacy of 
onabotulinumtoxinA in relieving posthemorrhoidectomy pain would be B (proba-
bly effective) based on availability of two or more class II studies (according to the 
efficacy criteria set forth by the Guideline and Assessment Subcommittee of the 
American Academy of Neurology [50, 51]. More blinded studies are necessary to 
discern the efficacy of BoNT injections for this important form of postsurgical pain.

 Prevention and Reduction of Posthernia Repair Pain

Incisional hernia repair (IHR) is often associated with severe postoperative pain 
which could affect quality of life, the length of hospital stay, and ultimately return 
to full activity at work. In one study, the average VAS pain score for the first 14 days 
after hernia repair was 6.1, and in some patients, the severe postoperative pain lasted 
well beyond 14 days [79].

Botulinum toxin injections are now used by some surgeons during abdominal 
wall reconstruction surgery to gain fascial domain and improve rates of fascial clo-
sure [80–88]. The preliminary studies have shown that BoNT injections can relieve 
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postsurgical pain and reduce consumption of opioids after hernia and abdominal 
repair surgery.

Zendejas et al. [89] hypothesized that injection of botulinum neurotoxins into the 
abdominal muscles before surgery can improve hernia repair and reduce postsurgi-
cal care through muscle relaxation. The authors compared postoperative pain, opi-
oid requirement, procedure complications with controls in 88 patients (22 toxin, 66 
controls) who underwent incisional hernia repair. Pain was assessed by the visual 
analog scale (VAS) (0–10). Patients and controls were matched for age, body mass 
index, and the type of repair. OnabotulinumtoxinA (onaA) was injected into the 
transverse abdominalis and internal and external oblique muscles under ultrasonic 
guidance during conscious sedation. The total dose of the toxin was 300  units 
diluted in 150 cc of normal saline.

Patients who were injected with onaA reported less pain on hospital day (HD) 2 
(5.2 ± 1.5 vs. 6.8 ± 2 for control group) and HD4 (3.6 ± 1.2 vs. 5.2 ± 1.9): all 
p < 0.007. Also, the group that received onaA injection required significantly less 
opioid analgesia (mean ± SD morphine equivalents) when compared to controls on 
hospital day (HD) 2 and 5, HD2 48 ± 27 versus 87 ± 41; HD5, 17 ± 16 versus 
48 ± 45. There was no difference in postoperative complications affecting the surgi-
cal site (9% vs. 14%), opioid-related adverse events (5% vs 5%), hospital stay (4 ± 3 
vs 3 ± 2 days), or hernia recurrence at 18 months mean follow-up (9% vs 9%).

Blaha et al. [90] studied the effect of botulinumtoxinA (Botox) on the amount of 
opioid use for pain relief after hernia surgery. The authors compared the amount of 
opioid use after hernia surgery in 22 patients in the toxin group with 19 patients in 
the nontoxin group. The total dose of injected onaA was 200 units distributed into 
the following muscles: left and right rectus abdominalis, as well as left and right 
oblique and transverse abdominalis muscles. Among different factors studied, step-
wise linear regression analysis identified use of onaA injection as the only predictor 
of morphine milligram equivalents (MME) usage (P = 0.48).

 Reduction of Severe Pain After Adductor Release Surgery

Adductor release surgery is an established procedure which can prevent hip disloca-
tion in children with adductor spasticity and cerebral palsy (CP) [91]. The proce-
dure is effective, but in many children, postoperative spasm of adductor muscles 
develops after surgery causing severe pain.

Barnwood et al. [92] conducted a prospective, randomized, double-blind study in 
16 children with CP and spasticity who were undergoing adductor release surgery. 
The children were diplegic or quadriplegic with a mean age of 4.7 years. The sur-
gery was performed in order to prevent hip subluxation. The authors used onabotu-
linumtoxinA (onaA), Allergan Inc., prepared as 10  units/0.1  cc of saline. Each 
adductor muscle was injected at two sites (2 units/kg per site) for a total dose of 
8 units/kg, 5–10 days before surgery (Fig. 14.2). The injector identified the injection 
site by palpating the pubic tubercle and adductor longus tendon, while hips were 
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held in abduction and flexion. Injections were performed at two sites into the adduc-
tor muscle of the thigh approximately, 2 cm and 4 cm from the pubic tubercle and 
1 cm posterior to the adductor longus tendon.

The surgery comprised lengthening of adductor longus and gracilis, as well as 
lengthening of adductor brevis partially or completely until 30–40 ° of hip abduc-
tion in flexion was obtained to a combined abduction range of 60–80 °. In order to 
obtain a symmetrical range of abduction, hips with asymmetric abduction range 
were managed by asymmetric surgery.

The mean pain score in the onaA group showed a reduction of 74% (P < 0.003) 
and patients analgesic requirement dropped by approximately 50% (P < 0.005). The 
onaA group also had significantly shorter length of hospital stay with 33% reduc-
tion in length of stay (P < 0.003). The patients in the onaA group did considerably 
better in respect to postoperative care, reduction of analgesic requirement, and 
shortening the length of hospital stay.

Botulinum Toxin Injection of Sphincter of Oddi for Postcholecystectomy Pain.
After cholecystectomy, increased pressure in the biliary duct leads to postchole-

cystectomy biliary pain in a sizeable number of patients. Increased pressure in the 
duct also carries 3–31% danger of pancreatitis [93, 94]. Persistent pain associated 
with increased pressure in the biliary duct after cholecystectomy is often treated 
with Oddi sphincterectomy [95].

One prospective, open label study and one retrospective chart audit study have 
reported significant improvement of postcholecystectomy pain after administration 
of onabotulinumtoxinA into the Oddi sphincter. Furthermore, both studies claim a 
predictive value for botulinum toxin therapy since patients who responded well to 
BoNT therapy were more likely to respond well to endoscopic sphinctrectomy.

Fig. 14.2 Site of adductor 
injection to prevent pain 
after adductor release 
surgery according to 
Barnwood et al., 2000 [92]. 
(Drawing courtesy of 
Tahere Moussavi, MD)
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Wehrmann et al. [96] (1998) enrolled 22 patients with a history of cholecystec-
tomy and postcholecystectomy pain and monometrically confirmed sphincter of 
Oddi dysfunction (SOD) in a 3-year prospective study. All patients received injec-
tions of onabotulinumtoxinA into the ampulla of Vater, a total of 100 units at one 
site. After onaA treatment, manometrric pressure returned to normal in all patients. 
Twelve of 22 patients (55%) became pain free. Pain returned in 6 months, however. 
Subsequent endoscopic sphincterectomy relieved pain in 11 of 12 patients (91%) 
who had responded to onaA, but in only 2 of 10 patients (20%) who had not 
responded to onaA (P < 0.01). The authors concluded that not only onabotulinum-
toxinA relieves postcholectomy pain in a sizeable number of patients, it also can 
predict who will later respond to endoscopic sphincterectomy. One patient in this 
study developed mild pancreatitis.

The conclusion of the aforementioned study is supported by a retrospective chart 
audit of 64 patients with postcholestectomy pain (4 episodes or more per month) 
who received onaA injection (100 units) into the sphincter of Oddi for pain relief 
[97]. Of the 64 patients, 46 (72%) had experienced at least four pain-free weeks 
after onaA treatment and 44 of 46 (96%) had experienced pain relief following 
endoscopic sphincterectomy. Every patient with increased manometric pressure 
who also had at least 4 weeks of pain relief following onaA injection of sphincter of 
Oddi experienced pain relief following endoscopic sphincterotomy. No patient had 
any side effect after BoNT injection. The investigators came to the same conclusion 
that injection of onaA into the sphincter of Oddi improves postcholecystectomy 
pain and has predictive value as to the outcome of subsequent endoscopic 
sphincterectomy.

Murray [98] reported on the analgesic effect of BoNT injection into sphincter of 
Oddi in the absence of biliary calculus. In the absence of biliary calculus, biliary 
pain can be the result of gall bladder dyskinesia or biliary sphincter of Oddi hyper-
tension [93]. Murray retrospectively reviewed the result of 100 units of onabotu-
linumtoxinA (Botox) injection into sphincter of Oddi of 25 patients who had biliary 
pain in the absence of biliary stone [99]. Eleven patients, after onaA injection, had 
temporary pain relief; 10 accepted to have endoscopic sphincterotomy (ES). All 10 
had total pain relief after the procedure. Of the 14 patients who did not respond to 
onaA injection, 10 patients accepted to also have ES; eight of these patients experi-
enced total pain relief. The author concluded that botulinum toxin relaxation of 
sphincter of Oddi helps to direct the surgeon to choose the appropriate management 
of biliary pain in absence of biliary stone.

A recent review and meta-analysis of 10 publications (416 patients) on the role 
of intrasphincteric (Oddi) injections of botulinum toxin in biliary pain demonstrated 
complete pain relief in 49% and partial pain relief in 64% of the patients [99]. In 
most patients, the pain relief was temporary and needed to be followed by endo-
scopic sphincterectomy. The authors concluded that botulinum toxin injection could 
be a potential option in the overall management strategy of patients with Type III 
sphincter of Oddi dysfunction,
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 Conclusion

The area of postsurgical pain and its management is a challenging issue for clini-
cians and surgeons. Preventive use of BoNT therapy is a novel approach which, if 
proven efficacious in additional studies, could lead to postsurgical pain relief in a 
large number of patients. Refinement of the injection technique and determination 
of the optimum dosage may help achieve better results and optimize botulinum 
toxin effect in this important area of pain medicine.
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Chapter 15
Botulinum Toxins (BoNTs) for Treatment 
of Pain in Orthopedic Disorders

 Introduction

Osteoarthritis is the most common cause of chronic joint pain and the most common 
cause of disability in the United States [1]. In the United States, currently, 27 mil-
lion people are affected by chronic osteoarthritis, a number that is suspected to 
increase to 67 million by the year 2030 [2, 3].

In vitro and in vivo animal studies have shown that botulinum neurotoxins reduce 
the action of pain transmitters via their action peripherally (nerve terminal and 
peripheral neurons) and centrally (via retrograde transfer and transcytosis) [4–17]. 
Furthermore, double-blind, placebo-controlled studies have proven or highly sug-
gest their efficacy in several common human pain disorders such as chronic 
migraine, trigeminal neuralgia, post-herpetic and post- traumatic neuralgias, and 
neuropathic pain arising from peripheral or central trauma [18–28]. In general, 
BoNT therapy in pain disorders is considered safe when used in appropriate 
doses [29].

Over the past 20 years, several publications have pointed to the usefulness of 
botulinum neurotoxin (BoNT) therapy in orthopedic conditions associated with 
chronic pain. In this chapter, we will discuss four such disorders in which blinded, 
placebo-controlled studies as well as open-label investigations have reported the 
beneficial and analgesic effect of botulinum neurotoxins. The discussed orthopedic 
categories covered in this chapter consist of chronic lateral epicondylitis, refractory 
pain after total knee arthroplasty (TKA), chronic joint pain related to arthritis, and 
anterior knee pain with vastus lateralis imbalance.
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 Chronic Lateral Epicondylitis (CLE)

Lateral epicondylitis (LE) is a clinical condition characterized by pain in the elbow 
related to overuse of the joint. It is especially prevalent among tennis players (tennis 
elbow) and in individuals lifting heavy weights and using frequent elbow flexion 
and extension. Lateral epicondylitis is a common disorder with an incidence of 
15.1/10,000 [30] and a prevalence of 4–7/1000 patients per year [31, 32]. In clinical 
practice, a substantial number of patients with acute LE recover within 12 months 
[33]. The small percentage that evolves into the chronic LE often resists responding 
to pharmacotherapy.

Currently, it is believed that degeneration of the extensor tendons is responsible 
for the clinical symptoms [34], but the role of inflammation is still considered 
despite the paucity of pathological evidence. Ultrasound studies of the affected joint 
have supported the concept of tendinopathy and tendon degeneration [35].

On examination, maximal tenderness is felt over the lateral epicondyle. 
Sometimes palpation of the entire tendon or the connecting muscle (extensor carpi 
ulnaris) may exhibit tightness. Pain can be produced by resisting wrist extension 
during elbow extension and forearm pronation. Resisting extension of the middle 
finger while the elbow is extended is usually painful due to increased stress upon the 
affected tendon.

Treatment of CLE includes avoiding exposure of the affected elbow to heavy 
load, bracing, physical therapy, pharmacotherapy, and surgery. Pharmacotherapy 
includes usage of analgesic medications such as cyclooxygenase inhibitors, non- 
steroidal anti-inflammatory drugs, GABAergic analgesics (gabapentin and pregaba-
lin), and, in recalcitrant cases, opioid analgesics. Acupuncture, extracorporeal shock 
therapy, and autologous-rich plasma have been tried in clinical trials, but proof of 
their efficacy requires studies with a larger number of patients and higher quality 
[36–38]. In some patients, local injection of normal saline improves pain in CLE 
[39]. Local injection of steroid is often effective, but an efficacy beyond 8 weeks is 
not proven [40]. Surgery is reserved for recalcitrant pain in CLE. Currently, many 
surgeons prefer arthroscopic intervention to open surgery [41].

 Botulinum Neurotoxin Studies in CLE

The effect of BoNT injections on symptoms of chronic lateral epicondylitis has 
been reported in five placebo-controlled, double-blind and three double-blind, com-
parative studies (Tables 15.1 and 5.2).

15 Botulinum Toxins (BoNTs) for Treatment of Pain in Orthopedic Disorders

https://doi.org/10.1007/978-3-030-99650-5_5#Tab5


289

 Placebo-Controlled Studies

Wong et al. [42] evaluated the efficacy of abobotulinumtoxinA (aboA) in 60 sub-
jects (49 women) with CLE in a double-blind, placebo-controlled study. The pri-
mary outcome was reduction of pain in VAS (0–100  mm) at weeks 4 and 12. 
Handgrip strength was defined as a secondary outcome. The toxin group received 
60 units of aboA diluted in 1 cc of normal saline. The injections (saline or toxin) 
were administered “deeply into the subcutaneous tissue and muscle, 1 cm from the 
lateral epicondyle, and were aimed toward the tender spot.”

Table 15.1 Double-blind, placebo-controlled studies investigating the efficacy of BoNT injections 
in chronic lateral epicondylitis (CLE)

Authors 
and date Class

# 
Pts

Study 
type Toxin

Dose, 
units PO SO Results

Wong 
et al. 
[42]

II 60 DB, 
PC

aboA 60 VAS assessed 
at 12 weeks 
post-injection

Handgrip Significant VAS 
improvement 
(P < 0.001)

Hayton 
et al. 
[43]

III 40 DB, 
PC

aboA 50 VAS assessed 
at 12 weeks 
post-injection

Hand grip, 
SF12

No improvement

Placzek 
et al. 
[44]

II 130 DB, 
PC

aboA 60 VAS assessed 
at,2,6,12, and
16 weeks 
post-injection

PPS VAS and PPS 
improved at all 
weeks (P values 
for both <0.05)

Spandar 
et al. 
[45]

II 48 DB, 
PC

aboA 60 VAS assessed 
at 4,8,16 weeks 
post-injection

MP, MGS VAS and MP 
improved 
significantly at 4 
and 8 weeks (P 
values = 0.01 and 
0.04, 
respectively).

Creuzé 
et al. 
[46]

II 37 DB, 
PC

onaA 40 Percentage of 
patients who 
reported >50% 
reduction of 
pain at 
12 weeks 
post-injection

Pain intensity 
(VAS); pain 
frequency, 
MGS, quality 
of life, side 
effects 
assessed at 
30 and 
90 days 
post-injection

At 3 months, 15 
patients in toxin 
group and 7 in 
saline group 
reported >50% 
pain reduction 
(P = 0.005). All 
SOs also 
improved 
significantly in the 
toxin group 
(P < 0.05)

In Table 1, study class is defined according to definition of the Assessment Subcommittee of AAN 
[47, 48]. DBPC, double-blind, placebo-controlled, DBPC double-blind, placebo-controlled, aboA 
abobotulinumtoxinA, onaA onabotulinumtoxinA, PO primary outcome, SO secondary outcome, 
PPS patient and physician satisfaction scale (0–4), MP maximum pinch, MGS maximum grip 
strength, SF12, health-related quality of life questionnaire
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The mean VAS scores for the botulinum group at baseline and at 4 weeks were 
65.5 mm and 25.3 mm, respectively. For the placebo group, the VAS scores were 
66.2 mm and 50.5 mm at the same time points, denoting a significant pain relief in 
favor of the toxin (P < 0.001). At week 12, mean VAS scores were 23.5 mm for the 
botulinum group and 43.5 mm for the placebo group, again supporting an analgesic 
effect for aboA (P = 0.006). The grip strength decreased in both groups slightly, but 
the difference between the two groups was not statistically significant. At 4 weeks, 
four patients on aboA experienced transient paralysis of finger extension.

In another blinded and controlled study, Hayton et al. [43] compared the effect of 
abobotulinum toxin A (50 units) with saline in 40 patients with CLE who had failed 
to respond to steroid therapy. The injections were intramuscular and performed 
5 cm distal to the maximum point of tenderness at the lateral epicondyle, in line 
with the middle of the wrist. Investigators assessed pain with visual analog scale, 
the quality of life with short form SF12 and handgrip with Jamar dynamometer 

Table 15.2 Studies comparing the effect of botulinum toxin and steroid in lateral epicondylitis

Authors 
and 
date Class

# 
Pts

Study 
type Toxin

Dose, 
units PO SO Results

Line 
et al.  
[49]

II 16 DB, 
PC

onaA
Triamcinolone

50;
40

VAS 
assessed at 
4,8,12 weeks 
after 
injection

Grip 
strength;
WHOQoL- 
Brief 
(quality of 
life)

VAS score 
diminished 
after both 
treatments, but 
at 4 weeks, 
triamcinolone 
group had 
lower VAS 
score (0.04). 
No difference 
after week 4

Gou 
et al.  
[50]

II 26 DB, 
PC

OonaA into 
LE
OnaA into 
tender point
Triamcinolone

20;
20;
40

VAS at 
4 weeks after 
injection

PRTEE
MGS
Functional 
status

Triamcinolone 
was superior to 
onaA injection 
into muscle 
tender points at 
week 4 
post- 
injection—
VAS 
(P = 0.006), 
MGS 
(P = 0.03), 
PRTEE 
(P = 0.02)

OnaA onabotulinumtoxinA (Botox), DBPC double-blind, placebo-controlled, PRTEE Patient- 
Rated Tennis Elbow Evaluation, MGS maximum grip strength, WHOQoL-Brief World Health 
Organization Quality of Life-Brief Questionnaire, LE lateral epicondyle, PO primary outcome, SO 
secondary outcome
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before injection and 3 months after injection. They found no difference between the 
toxin and the placebo with the aforementioned assessments at 3 months.

Placzek et  al. [44] conducted a multicenter, double-blind, placebo-controlled 
RTC in 130 patients with CLE. The toxin group (70 patients) received 60 units of 
abobotulinumtoxinA diluted in 0.6  cc of saline (0.9%). The control group (62 
patients) received the same volume of saline. The solution (toxin or saline) was 
injected 3–4 centimeters distal to the tender epicondyle and at two locations reflect-
ing different depths after partial withdrawal of the needle following injection of ½ 
of the solution. The level of pain was assessed by VAS at baseline (before injection) 
and at 2, 6, 12, and 18 weeks. Patients’ and physician’s satisfaction was measured 
on a score of 0 (substantially worse) to 4 (substantially better) at the same time 
points. The strength of finger extension was also measured by a vigometer in all 
patients. Injection of aboA resulted in significant improvement of pain at all time 
points after injection (2, 6, 12, and 18 weeks) (P < 0.05) (Table 15.1).

Espandar et  al. [45] conducted a randomized, placebo-controlled study of 48 
patients with chronic refractory lateral epicondylitis. The patients in the toxin group 
(24 patients) received 60 units of abobotulinumtoxinA, and the control group (24 
patients) received the same volume of normal saline. The site of injection was cho-
sen based on prior studies on cadavers (Liu et al. 1997)—33% of the arm length 
below the lateral epicondyle. In most individuals, the posterior interosseous nerve 
innervates the extensor carpi ulnaris and extensor digitorum at this point. The pri-
mary outcome was intensity of pain at rest measured by VAS (0–100 mm) at 4, 8, 
and 16 weeks after injection. Secondary outcomes included intensity of pain during 
maximum pinch, maximum handgrip, and grip strength. The aboA group showed 
significant reduction of pain at rest compared to the placebo group at 4  weeks 
(14.1 mm), at 8 weeks (11.5 mm), and at 16 weeks (12.6 mm) (P = 0.01). Among 
the secondary outcomes, the intensity of pain during the maximum pinch was also 
decreased significantly in the aboA group compared to controls (P = 0.004). All 
patients in the toxin group developed some weakness of finer extensors which 
resolved by week 8. In one patient, weakness of third and fourth fingers which had 
developed at week 4 resolved by week 16 [46].

Creuze et al. [47] assessed the efficacy of onabotulinumtoxinA in a single-center, 
randomized, double-blind, placebo-controlled study of 57 patients. All patients had 
failed to respond to 6 months or more of other treatment(s) for their lateral epicon-
dylitis. Twenty-nine patients received 40 units of onaA injection, and 28 patient 
received normal saline injections. Injections were guided by nerve stimulation into 
the extensor carpi ulnaris brevis muscle. The primary outcome of the study was the 
percentage of patients who demonstrated >50% reduction of pain in VAS score in 
3  months. The secondary outcomes included pain frequency, maximum grip 
strength, side effects, and quality of life, assessed at 30 and 90 days, post-injection, 
as well as the number of patients per group requesting additional treatment by other 
therapeutic approaches at day 90.

In the toxin group, 15 patients (51%), and in the placebo group, 7 patients (25%), 
reported >50% reduction in initial pain intensity at day 90 (P = 0.005). Pain inten-
sity (measured by VAS) and the effect on the quality of life were both significantly 
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improved in the BoNT-A treated group compared to the placebo at day 90 (p < 0.05). 
In the toxin group, 17.2% of patients developed transient weakness of extension of 
the third finger, with “no associated functional impairment.”

 Comparator Studies

Lin et al. [49] compared the effect of 50 units of onabotulinumtoxinA (onaA) with 
steroid injection (40 mg of triamcinolone acetonide) in a small double-blind study 
of 16 patients with acute and subacute lateral epicondylitis. OnabotulinumtoxinA 
(Botox) and triamcinolone were injected into the extensor carpi radialis brevis near 
the common origin of wrist and finger extensors of the affected elbow. The injected 
dose of onaA was 50 units, and that of triamcinolone was 40 mg. The level of pain, 
handgrip, and quality of life were assessed with VAS, dynamometer, and the World 
Health Organization’s Quality of Life Brief (WHOQoL-Brief) questionnaire at 
baseline, 4, 8, and 12 weeks post-injection. VAS was the primary outcome measure. 
Both onabotulinumtoxinA and triamcinolone improved pain at 4, 8, and 12 weeks. 
At 4 weeks, the analgesic effect of triamcinolone was greater than onaA (P = 0.02). 
In the toxin group, the only side effect was mild weakness of wrist and middle finger 
extension that did not interfere with daily activities and cleared over 12 weeks.

Guo et al. [50] compared the effect of two injection sites of onabotulinumtoxinA 
with steroid (triamcinolone) in lateral epicondylitis. Patients were randomly 
assigned to three groups. One group (eight patients) received onaA injection into the 
lateral epicondyle (20 units). The second group (seven patients) received the same 
dose of the toxin into the most tender site of the extensor muscle. The third group 
(11 patients) was injected with 40 units of triamcinolone into the lateral epicondyle. 
The injector and rater were both blinded to the order and type of injection. The pri-
mary outcome was a change in the level of assessed pain by visual analog scale 
(VAS). Secondary outcomes included Patient-Rated Tennis Elbow Evaluation 
(PRTEE), dynamometer, maximum grip strength (MGS), and functional status. 
Patients were rated at baseline and at 4,8,12, and 16 weeks after injections.

There was no difference in regard to primary or secondary outcomes between 
triamcinolone and toxin group when injections performed into the lateral epicon-
dyle region. Triamcinolone was, however, superior to the onaA injected into the 
muscle’s tender points at week 4 following injection—VAS (P  =  0.006), MHG 
(P = 0.03), PTEE (P = 0.02). However, there was no difference between the two 
groups beyond week 4.

Keizer et  al. [51], in a randomized open-label study, compared the effect of 
BoNT-A injection with surgery (Hohmann extensor release) in 40 patients with 
chronic lateral epicondylitis (tennis elbow). Twenty patients were injected with 
BoNT-A, and 20 patients had surgery. Patients were evaluated at 3, 6, 12, and 
24 months after toxin injections or surgery. At 12 months after treatment, 13 (65%) 
patients in the toxin group and 15 (75%) patients in the operated group demon-
strated good to excellent results. At 24 months, 15 patients in the botulinum toxin 
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group (75%) and 17 patients (85%) in the operated group had good to excellent 
results. Since the difference between the two approaches was not statistically sig-
nificant and botulinum toxin injection was less invasive, the authors recommended 
contemplating BoNT therapy before surgical intervention.

In a randomized, open-label clinical trial, Lim et al. [52] compared the effect of 
two different doses of Korean botulinumtoxinA (Meditox) in chronic lateral epicon-
dylitis. Sixty patient participated in the study; half received 10 units and half 50 units 
of the toxin into extensor carpi radialis. They found both doses to be effective in 
relieving the symptoms, but the higher dose produced better results. The main side 
effect was the weakness of third finger extension.

 Comment

Several open-label studies strongly suggest that marketed botulinumtoxinAs (abo, 
ona, and inco) are effective in reducing the pain of lateral epicondylitis [52–55]. The 
newer studies have benefited from the utilization of ultrasound to more precisely 
determine the optimal sites in the muscle for injection [52]. Among the randomized 
double-blind, placebo-controlled studies, four of five have shown significant reduc-
tion of pain after botulinum toxin injection into the wrist extensor (usually brevis) 
compared to the placebo injection [42, 44–46]. The study of Hyton et al. [43] did 
not show a difference between toxin (onA) and placebo injection in regard to pain 
relief in CLE, however. The reason could be partly due to the small number of 
patients in this study or the time of evaluation of the primary outcome since in many 
patients the effect of toxin starts to wane or is waned already at 3  months. 
Furthermore, almost an identical change was reported for toxin and placebo injec-
tions from baseline values after injections. This suggests the presence of a placebo 
effect that would make any conclusion drawn on the efficacy debatable. Considering 
the other four studies with positive results and using the efficacy criteria defined by 
the American Academy of Neurology [47, 48], the level of efficacy for botulinum 
toxin treatment of pain in chronic lateral epicondylitis would be B (probably effec-
tive) based on two or more class II published studies (Table 15.1).

The toxin versus steroid comparator studies (Table  15.2) claim superiority of 
triamcinolone injection over botulinum toxin in relieving the pain of lateral epicon-
dylitis at 4 weeks post-injection. There are also some issues with these studies that 
require cautious interpretation of the data. For instance, in the study of Lin et al. 
[49], the number of subjects was too small (16). Furthermore, the baseline data 
showed a low pain level (mean 44 mm) for the toxin group and a higher level (mean 
57.5  mm) for the triamcinolone group which might have influenced the results. 
Although the recent reviews of the efficacy of botulinum toxin in lateral epicondy-
litis have acknowledged the utility of toxin therapy in CLE, they strongly recom-
mend conducting blinded studies with larger number of patients (preferably 
multicenter), in order to better define the role of botulinum toxin therapy in chronic 
lateral epicondylitis [56–58].
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Weakness of the wrist and finger extensors that develops in a sizeable number of 
patients following BoNT injections into extensor carpi radialis remains a challeng-
ing issue for the toxin therapist in CLE. Song et al. [56], in a review of the literature, 
identified seven studies utilizing six different methods of injections. The largest 
reduction in pain was seen with injection at 1/3 of the length of the forearm from the 
lateral epicondyle. Gruner et al. [59] suggest that best results can be achieved by 
injecting at three sites, two separate sites into extensor carpi radialis and one site 
into the extensor tendon next to the lateral epicondyle. The best technique that 
causes the least weakness of finger and wrist muscles is yet to be identified when 
using BoNT injection for pain relief in CLE.

Intra-articular Use of Botulinum Neurotoxins for Treatment of Arthritic Pain

 Introduction

Osteoarthritis is a huge health problem. A Global Burden of Disease Study reports 
that the incidence of osteoarthritis increased 102% in 2017 compared to 1990 [60]. 
In 2013, Cheng et al. [61] reviewed the literature on the efficacy of intra-articular 
(IA) injection of different agents for management of arthritic knee pain. Steroids 
and hyaluronate both showed efficacy; the latter provided possibly a longer duration 
of pain relief. Triamcinolone hexacetonide induced better results than triamcinolone 
acetonide and was recommended for this indication. Tropisetron and tanezumab 
were also found effective and were assigned a 2B+ efficacy level.

More recently several other treatment approaches have been introduced and are 
being investigated including application of autologous plasma-rich protein, combi-
nation of hyaluronic acid and clonidine (200 mg and 20 mg, respectively), intra- 
articular injection of intrapatellar stromal fat cell products, and specific peptides 
(for instance BPC-157) [62–65]. The application of these novel approaches requires 
further studies.

 Botulinum Toxin Treatment

In this section, notable open-label clinical trials and double-blind, placebo- 
controlled studies investigating the efficacy of BoNTs in  local osteoarthritis are 
described.

In 2006, Mahowald et al. [66] presented their one-year clinical experience with 
onaA injection for the treatment of arthritis and arthritic pain in 11 patients (nine 
shoulders, three knees, and three ankles). All studied patients had a history of failed 
prior treatments including intra-articular administration of steroids and/or visco-
supplement agents. Patients were injected with onabotulinumtoxinA (onaA, Botox) 
into shoulder (50–100 units) as well as into the knee and ankle joints (25–50 units). 
The change in pain was calculated as raw change or percentage change. Upper 
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extremity function was assessed by degrees of active flexion and active abduction. 
Lower extremity function was measured by the “time to do sit to stand” for ten 
times. Patients were followed for 1 year with several assessments. Following intra- 
articular injection of onaA, the mean maximum reduction of joint pain (knee and 
ankle) was 55% (p = 0.02). The observed pain reduction was even greater in the 
shoulder joint reaching 72% (p < 0.001). Furthermore, significant improvements 
(P < 0.05) in lower extremity function (36%) and shoulder function (67% in flexion, 
42% in abduction) were noted at follow-up assessments at 4 and10 weeks post toxin 
injection.

In 2011, Castiglione et al. [67] published the result of a prospective, open-label 
study on five patients who had post-hemiplegic shoulder pain (Fig.  15.1). They 
injected OnaA (100 units), aboA (500 units), and incoA (100 units) into the gleno-
humeral painful joints in two, one, and two patients, respectively. The level of pain 
at rest and during passive arm abduction was assessed by VAS at 2 and 8 weeks 
post-injection. All subjects at both time points reported significant improvement of 
shoulder pain at rest and at arm abduction (P = 0.001 and P < 0.001, respectively). 
No difference in the level of pain relief was observed at 2 and 8 weeks.

McAlindon et al. [68] conducted a phase 2, multicenter, double-blind, random-
ized, placebo-controlled, parallel-designed study on 158 patients with knee osteoar-
thritis. The patients’ level of nociceptive pain was assessed through a painDETECT 
questionnaire (PD-Q). All intra-articular injections (toxin or saline) were performed 
under ultrasound guidance after aspiration of synovial fluid effusion (if present). 
The patients were stratified into three groups: onabotulinumtoxinA (200 units), ona-
botulinumtoxinA (400  units), and saline group. The duration of follow-up was 
24 weeks. At 8 weeks post-injection, all three groups demonstrated decreased pain 
as measured by PD-Q. The level of reduction was 1.6, 2.1, and 2.1 points for 400u, 
200u, and saline groups, respectively. This level of reduction was maintained for all 
three groups over the entire length of the study. The findings for the three groups 

Fig. 15.1 Method of glenohumeral injection of BoNTs for hemiplegic refractory shoulder pain. 
From Gastiglione et al. (2011). Printed with permission from Archives of Physical Medicine and 
Rehabilitation
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were similar for all secondary outcome measures including WOMAC physical 
function scores and the Patient Global Impression of Change (PGIC). The authors 
acknowledged a large placebo effect in their study. Also, the authors acknowledged 
that their pain scale, PD-Q, had never been validated for assessment of pain in knee 
arthritis.

In another double-blind, randomized, placebo-controlled, 12-week study, 
Arendt-Nielsen et al. (69) assessed the efficacy of BoNT therapy in painful osteoar-
thritis (OA) of the knee. A total of 121 patients with painful OA were randomly 
injected with either onabotulinumtoxinA (200 U, 2 ml) or the same volume of pla-
cebo (2 ml, 0.9% saline) and followed for 12 weeks. Injections were performed 
under ultrasound guidance. There were 61 patients in the toxin group and 60 sub-
jects in the placebo group. Based on the painDETECT questionnaire, 68 patients 
had nociceptive type pain and 53 had non-nociceptive pain. Outcomes were evalu-
ated through average daily pain score (ADP, 0–10 scale), Western Ontario and 
McMaster Universities, Osteoarthritic index (WOMAC) which includes a pain sub-
set (0–20 scale), quantitative sensory testing, and Patient Global Impression of 
Change (PGIC). Patient’s response was evaluated at baseline, at weeks 1, 4, 8, and 
12 post-injection.

There was no statistically significant difference between the toxin and placebo 
group at baseline when all patients were compared. When the nociceptive group’s 
response to toxin was compared with placebo in terms of change from baseline, the 
difference was statistically significant in several measures. These included changes 
in total WOMAC score and WOMAC pain subset score (P = 0.029 and P = 0.021, 
respectively), ADP score at 9 and 10 weeks (P = 0.042 and P = 0.043, respectively), 
PGIC at week 12 (P = 0.03), and reduction of rescue medication counts at weeks 9 
and 10 (P = 0.038 and P = 0.015, respectively).

Elopatra et  al. [70], in a double-blind, placebo-controlled study, assessed the 
analgesic effect of BoNT-A injections into thigh adductors in patients with chronic 
hip osteoarthritis. Patients were randomized into two groups; one group (31patients) 
was injected with 400 units of abobotulinumtoxinA (Dysport), and the other group 
(15 patients) was injected with normal saline. All injections were performed into the 
adductor thigh muscles. The authors defined two primary endpoints: (1) Harris Hip 
Score (HHS) and (2) Visual Analog Scale for pain (VAS). The difference between 
the two groups at week 4 post-injection was assessed. Secondary endpoints con-
sisted of the change from baseline in Medical Research Council scale for muscle 
strength (MRC) and Short Form scale (SF-36) scores.

At week 4 post-injection, the HHS and VAS scores improved significantly in the 
toxin group compared to the placebo group (P = 0.026 and P = 0.001, respectively) 
(Fig.  15.2). Furthermore, the pairwise assessments showed significant improve-
ments in HHS and VAS pain at each time point compared to baseline for the toxin 
group. There were no significant changes in MRC and SF-36 over time, but the 
SF-36 showed a positive trend improvement for quality of life in the toxin group. 
Authors reported no adverse events in either of the treatment groups.

Najafi et al. (71), in an open-label, prospective study, investigated the effective-
ness of intra-articular injection of abobotulinumtoxinA (Dysport) in 30 patients (24 
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women, 6 men) with knee osteoarthritis. All patients met the clinical and radiologi-
cal criteria of knee OA. The toxin dose was 250 units diluted with 5 ml of normal 
saline. The primary outcome measure was the post-injection change in the level of 
knee pain measured by VAS.  The secondary outcome included Knee Injury and 
Osteoarthritis Outcome Scores, patients’ opinion on the change in their knee pain 
(measured by Persian version of Knee injury and Osteoarthritic Outcome score- 
KOOS). Primary and secondary outcomes were measured at the baseline and at 
4 weeks after injection. At 4 weeks, the KOOS score showed reduction in joint pain 
and stiffness and severity of symptoms, as well as improvement in quality of life 
and daily activities (p-values <0.001). Also, there was reduction of pain intensity, 
joint effusion, knee clicking and locking, and flexion-extension scores (p-values 
≤0.005). No serious side effects were noted.

Duran-Hernandez et al. [72] in an open-label study of 35 patients with osteoar-
thritis of the hip evaluated the efficacy of BoNT-A in reducing hip pain after inject-
ing 500 units of abobotulinumtoxinA into adductor brevis and longus as well as into 
iliacus muscles. The authors reported at day 90 post-injection significant improve-
ment of referred pain (P < 0.0001), rigidity (P < 0.002), and mobility as well as 
external and internal rotation (P < 0.0001).

 Comparator Studies

Boon et  al. [73] compared the efficacy of low dose (100  units) and high dose 
(200 units) of onabotulinumtoxinA (Botox) with 40 units of methylprednisolone 
acetate in 60 subjects with pain and functional impairment due to osteoarthritis of 
the knee. The mean pain score of the studied group was 6 on VAS prior to injection. 
All study patients had failed to respond previously to pharmacotherapy and physio-
therapy. The primary outcome was level of reduction of pain in VAS at 8 weeks. 

Fig. 15.2 Mean VAS values in the toxin group (TG) compared to placebo group (PG) at 4 weeks 
post-injection. Pain reduction in the toxin group is statistically significant (P = 0.001). In the toxin 
group, a total dose of 400 units of aboA was injected into thigh adductors. From Eleopra et al. [70]. 
Reproduced under creative commons attribution with permission from Toxins and publisher (PMC)
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Patients were re-assessed at 26 weeks. Secondary outcomes included quality of life 
measured by short Form 36, scores of Western Ontario McMaster Arthritis Index 
(WOMAC) and Patient Global Assessment (in a three question format). All 60 
patients completed their 8 weeks evaluation period, while 38 patients had another 
evaluation at 26 weeks. All three approaches were effective in reducing pain, but the 
reduction reached significance only for the low dose onA group at 8  weeks 
(P = 0.01). Also, all groups showed a statistically significant decrease in the subsets 
of pain and stiffness in WOMAC. Side effects were mild and included dry mouth, 
local swelling and pain at the site of injection, and balance problem. The latter two 
were more frequent in the high dose onaA group, but the difference between groups 
did not reach statistical significance.

Sun et al. [74] conducted a single-blind, prospective study comparing the effi-
cacy and safety of onaA with hyaluronate plus rehabilitation in 75 patients with 
symptomatic ankle osteoarthritis. Of 75 patients, 38 patients received a single injec-
tion of 100 units of onaA into the ankle joint, whereas 37 patients had a single injec-
tion of hyaluronate plus 12 sessions of physical therapy—patients received physical 
therapy three times per week for 4 weeks with each session lasting 30 minutes. The 
primary outcome of the study was the score in Ankle Osteoarthritis Scale (AOS) 
which includes pain and disability subscales; each measures the intensity on a scale 
of 0–10. Among the secondary outcomes, the following scales pertained to pain 
assessment: visual analogue scale (VAS) and global patient satisfaction. Pain- 
related outcomes were evaluated at baseline (before injection) and at 2 weeks, 1, 3, 
and 6 months post-injection. The authors considered 30% or more reduction in the 
pain score as significant. The ankle joint was injected with 100 units of onabotu-
linumtoxinA. The injecting needle was inserted 1 cm anterior to the distal medial 
malleolus and advanced posteriorly and slightly superiorly toward the middle of the 
ankle joint above the talus. If an effusion were present, it was aspirated before injec-
tion. After injections, subjects in both groups (onaA and hyaluronate) experienced 
marked reduction of pain measuring 50% or more in the pain subset of AOS and 
VAS scores. In the toxin group, the mean baseline VAS value of 4 was reduced to 
1.8 at 2 weeks with a further reduction to 1.7 at 3 months. There was, however, no 
statistically significant difference between the two groups regarding pain relief. 
Both groups also showed substantial improvement in the disability scores. For some 
patients, these improvements lasted 6 months. The injections did not induce any 
significant side effects in either of the two groups.

Mendes et al. [75] compared the efficacy of intra-articular injection of onabotu-
linumtoxinA (Botox), triamcinolone hexacetonide and saline in 105 patients with 
knee osteoarthritis. Patients were randomized into three groups each containing 35 
patients. Both injector and rater were blinded as to the type and order of injections. 
Patients’ response to treatment was rated by visual analog scale (VAS for pain), 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC with 
pain, stiffness, and function questionnaires), SF36 quality of life questionnaire, 
6 min walk test and “time up to go test” at baseline, 4, 8, and 12 weeks after injec-
tions. The dose of injected BoNT-A was 100 units and that of triamcinolone was 
40 mg. The injected volume was 2 ml for all three interventions. Among all rating 
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scales employed in this study, only VAS scores for pain showed statistical difference 
between the three groups. At 4 and 8 weeks post-injection, although both toxin and 
steroid groups rendered pain relief, VAS scores were significantly lower in the tri-
amcinolone group compared to the BoNT-A group (P = 0.024).

Bao et  al. [76] compared the efficacy of intra-articular injection of onabotu-
linumtoxinA with hyaluronate and placebo (saline) in 60 patients with knee osteo-
arthritis (double-blind, single-center study). There were 20 patients in each group. 
The injected dose of onaA was 100 units diluted in 2.5 ml of saline. The same vol-
ume was used for hyaluronate and saline injections. All three groups also received 
therapeutic exercise. At 4 and 8  weeks post-injection, the group that received 
BoNT-A faired better compared to the hyaluronate or saline group on improvement 
of VAS (pain), WOMAC, and SF36 (quality of life) scores (P < 0.05).

Rezasoltani et al. [77] compared the effect of intra-articular BoNT injection with 
physical therapy alone in 50 patients with knee osteoarthritis. The study was single- 
blind and randomized. Patients in the toxin group (25) were injected with 100 units 
of botulinumtoxinA (Dysport). At 4 weeks after injection, both VAS score and Knee 
Injury and Osteoarthritis Outcome Score (KOOS; including all subscores) were sig-
nificantly improved compared to the group (25) that received physical therapy alone 
(P < 0.05). There were no side effects.

Shukla et al. [78] compared the effect of intra-articular injection of triamcino-
lone with a combination of triamcinolone and BoNT-A in 30 patients with chronic 
osteoarthritis. The injected dose for the BoNT-A was 100 units and for triamcino-
lone 40 units. Patients were rated by VAS for pain and with Oxford knee score on 
day 1 and weeks 1, 2, 6, 12, and 26 post-injection. Both groups, after treatment, 
demonstrated reduced pain and improvement of functional performance. The com-
bined therapy group (15 patients), however, did significantly better than the group 
that was injected with triamcinolone alone (15 patients). For VAS, the comparative 
P value reached <0.05 after day 1,= and for Oxford Knee score at 2  weeks 
post-injection.

 Comment

Three double-blind, placebo-controlled studies have assessed the efficacy of botuli-
num toxins in reducing pain and improving function in chronic osteoarthritis [68–
70]. In two studies on knee osteoarthritis, injections were intra-articular [68, 69], 
whereas in the third study [70], patients with arthritis of the hip joint received toxin 
and placebo injections into the thigh adductor muscles. In one of the two studies 
with knee joint injection, the negative results can be challenged based on the pres-
ence of a large placebo effect thereby questioning the validity of the results [69]. 
Based on one class I, positive study [68], the efficacy of intra-articular injection of 
onabotulinumtoxinA in knee arthritis can be rated as B (probably effective) using 
the American Academy of Neurology’s efficacy assessment criteria [47, 48]. The 
same level B efficacy (probably effective) applies to injections of 
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abobotulinumtoxinA into adductor muscles for improving pain in hip osteoarthritis 
(one class I study [70]). These conclusions are supported by the results of earlier 
mentioned open-label studies [66, 71, 72].

The published double-blind, placebo-controlled studies that compared the results 
of intra-articular injection of BoNT and steroid (triamcinolone) have produced con-
troversial results. Although both agents have been shown to reduce joint pain in 
osteoarthritis, one study demonstrated BoNT-A injection superior to steroid [73], 
whereas another study noted superiority of triamcinolone [75]. One open-label 
study has shown that combination of BoNT and triamcinolone injection (intra- 
articular) is more efficacious than triamcinolone alone in reducing pain in osteoar-
thritis [78]. In regard to the comparison between intra-articular injection of BoNT 
and hyaluronate, one double-blind placebo-controlled study (Class I) indicates that 
BoNT-A is more effective than hyaluronate in reducing arthritic pain and improving 
the quality of life [76] (level B efficacy, probably more effective).

 Botulinum Neurotoxin Treatment after Total 
Knee Arthroplasty

Chronic, advanced osteoarthritis of the knee is a major source of chronic pain and 
impaired quality of life in adults with poor response to pharmacotherapy. Total knee 
arthroplasty (TKA) can improve patients’ function and quality of life [79]. Currently, 
more than 700,000 TKAs are performed in the United States, a figure that is esti-
mated to increase by 143% by year 2050 [80]. Unfortunately, 20–25% of the patients 
remain unsatisfied with the procedure [81–84]. There is evidence for active contri-
bution of known pain transmitters to the mechanism of pain in TKA. The joint fluid 
of patients with chronic osteoarthritis who have undergone TKA demonstrates ele-
vated substance P level, a finding that is absent in normal joints [85]. Understandably, 
novel treatment strategies are welcome in this area of pain medicine since chronic 
pain after TKA is often refractory to pharmacotherapy.

Singh et al. [86] in a randomized, double-blind, placebo-controlled study inves-
tigated the efficacy of intra-articular injection of onabotulinumtoxinA in alleviating 
chronic pain after TKA. A total of 49 patients participated in the study. The mean 
age of participants was 67 years, 84% were men, and mean duration of their pain 
was 4.5 years. All subjects had moderate or severe degrees of pain (rated >6 on 0–10 
VAS scale) and their pain duration exceeded 6  months. In the toxin group (23 
patients), patients received intra-articular (IA) injections of ona-A, 100 units diluted 
in 5 cc of 0.9% saline. The control group (26 patients) received 0.5 cc of IA normal 
saline. The primary outcome in the study was proportion of patients with a decrease 
of 2 points or more in numerical visual 0–10 scale (VAS) among the patients receiv-
ing BoNT-A compared to the placebo group at 2 months post-injection. VAS and 
McMaster “Osteoarthritic Index Physician Function” were evaluated at baseline 
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and at 2, 3, and 4 months post-injection. The Patient and Physician Global Impression 
of Change (PGIC) were also assessed at 2, 3, and 4 months post-injection.

A greater proportion of patients (71%) in the onaA compared to placebo group 
(35%) experienced reduction in pain assessed by VAS at 2 months post-injection 
(p = 0.028). Duration of meaningful pain relief was 39.6 days (SD 50.4) for onaA 
group compared to 15.7 days (SD 22.6; p = 0.045) for the placebo group. The fol-
lowing outcomes also demonstrated significant differences between onA and pla-
cebo group at all assessed times in favor of onaA: Physician Global Assessment of 
Change (p = 0.003); Western Ontario McMaster Osteoarthritis Index physical func-
tion (p = 0.026), stiffness (p = 0.004), and total scores (p = 0.024); and Short-Form 
36 pain subscale score (p = 0.049). No serious side effect related to treatment was 
noted in the BoNT group. The incidence of other side effects such as local pain after 
injection and subtle transient weakness around the joint was not statistically differ-
ent between the two groups.

In a subsequent study, the same authors assessed the effects of repeated injection 
of onabotulinumtoxinA on pain among patients after knee arthroplasty [87]. Patients 
who had a good response continued responding after first treatment. Nonresponders 
did not respond to the second treatment.

Post-TKA flexion contracture develops in hamstring muscles in 15–20% of the 
patients after TKA [88]. Flexion contractures cause significant tightness in the 
involved muscles and are often associated with pain and discomfort. In a double- 
blind, placebo-controlled study, Smith et al. [89] investigated the effect of onabotu-
linumtoxinA injections upon flexion contracture developed in 14 patients after 
TKA. BotulinumtoxinA (Botox) or saline was injected into both medial and lateral 
affected hamstring muscles. The dose of onaA was 50 units per medial and 50 units 
per lateral hamstring muscle. At one and 6 months post injection, knee extension 
improved 8 and 5.1 degrees for onaA and 3.8 and 2.2 for saline group, respectively 
(P < 0.0001). No patient reported any serious side effects.

 Knee Pain with Vastus Lateralis Imbalance

Anterior knee pain is a common and debilitating ailment with a proposed incidence 
of 22/1000 individuals per year [89]. Patellofemoral syndrome (PFS) is one of the 
main causes of chronic knee pain. The affected individuals are usually young, ath-
letic females with no significant knee pathology [90]. Imbalance of vastus muscle 
has been proposed as one of the leading causes of chronic anterior knee pain [91]. 
PFS accounts for 12% of referrals to the general orthopedic practice [92]. By elec-
tromyography, vastus lateralis muscles show more activity than vastus medialis. 
Conservative treatments such as orthosis and taping, physiotherapy, and electrical 
stimulation have modest effects on the patients’ anterior knee pain. Long-term stud-
ies of PFS have demonstrated that beyond 4–5 years, two-thirds of the patients still 
have pain and 45% complain of impaired quality of life [93, 94].

Knee Pain with Vastus Lateralis Imbalance
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 Botulinum Toxin Treatment

In 2006, Singer et al. were the first to conduct an open label, clinical trial on a small 
number of patients (n = 8) to assess the efficacy of BoNT therapy in patellofemoral 
syndrome [95]. The authors injected 300–500  units of abobotulinumtoxinA 
(Dysport) into the distal part of the vastus lateralis muscle of all patients. Over 
12 weeks of observation, patients reported less knee pain and reduced brace depen-
dency as well as increased participation in sports and activities of daily living. 
Despite development of some degrees of atrophy in vastus lateralis, no appreciable 
muscle weakness was noted over 24 months of follow-up. In 2011, the same authors 
[96] conducted a double-blind, placebo-controlled study on 24 patients with ante-
rior knee pain. AbobotulinumtoxinA or saline was injected into the vastus lateralis 
[VL] muscle. The dose of aboA was 500 units diluted in 4 cc of normal saline. The 
same volume of normal saline was injected into VL of the control group. All injec-
tions into VL were performed under electromyographic guidance. The 4 cc volume 
in both the toxin and the saline group was distributed into eight sites with 0.5 cc per 
site. The primary outcomes of the study consisted of changes in knee pain-related 
disability and activity-related knee pain (measured by VAS) at 3  months post- 
injection. The BoNT-A-injected group demonstrated a clinically significant reduc-
tion in mean pain scores for kneeling (−50.5, p  <  0.001), stair walking (−20.9, 
p  < 0.006), squatting (−30.8, p  < 0.001), and level walking (−20.3, p  < 0.003). 
Placebo subjects demonstrated a reduction in pain for stair walking only (−20.4, not 
statistically significant P = 0.097). The authors concluded that onaA improves ante-
rior knee pain caused by vastus lateralis imbalance.

Chen et al. [97], in an open-label study, prospectively studied the effect of ona-
botulinumA (onaA) injection on pain and knee function in 12 patients with patel-
lofemoral syndrome. The injected dose was 100 units introduced into the vastus 
lateralis, 3–5 centimeters above the patella. Patients were rated with Western Ontario 
and McMaster University Arthritis Index (WOMAC) at the baseline and at 4, 8, and 
12 weeks post- injection. Both pain score (20 maximum) and function score (maxi-
mum 68) of WOMAC improved significantly over the 12 weeks after onaA injec-
tion (P < 0.05). The kinetic test showed that following onaA injection, the extension 
muscle torque also increased, but the values did not reach statistical significance.

In an open-label prospective study, the enduring efficacy of BoNT injection in 
patellofemoral syndrome and alleviation of anterior knee pain was tested in two 
cohorts from two different clinics (46 and 53 patients) [98]. A single injection of 
abobotulinumtoxinA (Dysport) into the vastus lateralis muscle improved the symp-
toms of PFS in 57 of 65 study participants. On average, the benefit from BoNT 
therapy lasted 25 months.

Recently, Kersay et al. [99] published the results of a retrospective study of 26 
consecutive patients who received BoNT-A injections into vastus lateralis along 
with physiotherapy for treatment of knee pain caused by patellofemoral syndrome. 
Vastus lateralis muscle was injected distally at five points (3 cm apart) with a total 
of 500  units of abobotulinumtoxinA (Dysport). Patients were rated pre- and 
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post-injection by NRS for pain, QOL (SF-6D) for quality of life and by Kujala and 
Lysholm questionnaires for functional scores. Patients were followed for a mean of 
58.8  ±  36.4  months. There were significant improvements in all the examined 
parameters after BONT-A injection.

 Comments on the Use of BoNT Injections for Pain After Knee 
Arthroplasty and Vastus Lateralis Imbalance 
(Patellofemoral Syndrome)

In regard to pain after total knee arthroplasty, the study of Singh et al. [86] qualifies 
as a class II investigation, hence the efficacy level of toxin therapy for this indication 
would be C (possibly effective) according to the efficacy criteria set forth by the 
guidelines of the American Academy of Neurology [47, 48]. The same efficacy rat-
ing (C, possibly effective) applies to the use of BoNTs for anterior knee pain in 
vastus lateralis imbalance (patellofemoral syndrome) based on the availability of 
one class II study [96]. However, despite this modest evidence, it appears that a trial 
of botulinum toxin injections is justified for both conditions based on the informa-
tion from blinded and the abovementioned open-label studies. Patients with chronic 
TKA and chronic patellofemoral syndrome are desperate for a remedy, and these 
treatments open a window for potential pain relief. Furthermore, all studies on these 
two indications have shown a safe profile for BoNT therapy. More blinded, placebo- 
controlled studies are necessary in order to establish the efficacy of BoNT therapy 
in these two major pain disorders.

Recent literature has shown that intramuscular BoNT injections close to bone 
can cause progressive bone loss. This has been clearly demonstrated in the man-
dibular bone following masseter injections in mice [100]. In mice, the bone loss 
seems to be dose dependent as doses of 1.2–3.3 units (onaA)/gram do not cause 
substantial bone loss. In human, repeated injections of botulinum toxins have also 
been reported to induce bone loss in adjacent bones [101, 102]. Since patients with 
TKA and patellofemoral syndrome may require repeated injections, the issue of 
bone loss in human after repetitive BoNT therapy needs further investigation.
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Chapter 16
Botulinum Toxin in Dentistry 
and Treatment of Chronic Orofacial Pain

Shahroo Etemad-Moghadam, Mojgan Alaeddini, and Bahman Jabbari

 Introduction

Pain, either acute or chronic, is a disturbing uncomfortable sensation with multiple 
aspects that afflicts individuals at different mental, psychological, and physiological 
levels [1]. Orofacial pain (OFP) is described as pain involving the hard and soft tis-
sues of the face and all its related areas including the oral cavity [2]. In contrast to the 
acute type which is temporary, chronic pain does not subside after removal of a stimu-
lus or healing of the injured region and is considered a disease by its very nature [1]. 
Pain persisting beyond 3 months is considered as chronic, which is a relatively com-
mon issue, affecting approximately 20% of people worldwide [3]. In the orofacial 
region, its prevalence is between 16.1% and 33.2%, with 10% qualifying as chronic 
[4]. Considering the distinctive anatomical, functional, and physiological features of 
the orofacial complex, in addition to the social and psychological elements associated 
with OFP, there is a strong need for further research in this area in order to introduce 
safe and effective treatment options to achieve optimal management strategies.

Chronic headaches and OFP are among the most common pain disorders known 
to clinicians. They have been classified by several systems and were included 

The original version of this chapter was revised. The correction to this chapter is available at  
https://doi.org/10.1007/978-3-030-99650-5_21

S. Etemad-Moghadam (*)· M. Alaeddini
Dental Research Center, Dentistry Research Institute, Tehran University of Medical Sciences, 
Tehran, Iran
e-mail: etemadmo@sina.tums.ac.ir

B. Jabbari
Professor Emeritus of Neurology, Yale University School of Medicine, New Haven, CT, USA

Clinical Professor of Neurology, University of California, Irvine, CA, USA
e-mail: bahman.jabbari@yale.edu

© The Author(s), under exclusive license to Springer Nature  
Switzerland AG 2022
B. Jabbari, Botulinum Toxin Treatment of Pain Disorders, 
https://doi.org/10.1007/978-3-030-99650-5_16

mailto:etemadmo@sina.tums.ac.ir
mailto:bahman.jabbari@yale.edu
https://doi.org/10.1007/978-3-030-99650-5_16


312

separately in the most recent version of the International Classification of Diseases 
(ICD-11), taking effect as of January 2022 [3, 5]. Generally, chronic OFP has been 
divided into musculoskeletal, neuropathic, neurovascular, and idiopathic subtypes 
with differing nomenclature used in different classification systems [1, 6–8]. 
Regarding the versatile mode of action of botulinum neurotoxin (BoNT), with its 
anticholinergic, analgesic, and anti-inflammatory effects, this toxin can be a safe 
and appealing option for treating diseases in each of these subclasses.

Adopting the style used by the International Classification of Headache Disorders, 
3rd edition (ICHD-3) and aligned with ICD-11, the International Classification of 
Orofacial Pain (ICOP) has offered a detailed and elaborate classification with prac-
tical diagnostic guidelines [9] and has been used in most sections of the following 
text, where possible.

 Chronic Orofacial Pain

 Musculoskeletal Orofacial Pain

Chronic musculoskeletal pain arises from disorders or causes that involve bones, 
joints, muscles, and soft tissues [8]. Most facial pains have a musculoskeletal origin 
and encompass the area innervated by the maxillary and mandibular branches of the 
trigeminal nerve [5]. To describe this type of pain, terms like “deep,” “pressure,” 
“muscle tenderness,” and “dysfunction” have been used [7]. Conditions belonging 
to this subclass include masticatory myofascial pain, temporomandibular joint pain, 
tension-type headache, and cervical headache [6, 7]. The following text will con-
centrate on the two first subtypes, which will be presented collectively under the 
more recognized term, temporomandibular disorders (TMDs).

 Temporomandibular Disorders (TMDs)

Definition, Classification, and Epidemiology

The term TMD refers to a group of painful and non-painful disorders involving the 
temporomandibular joint (TMJ), masticatory muscles, and adjoining structures [9]. 
It has been estimated that approximately 33% of the general population demonstrate 
at least one TMD symptom, that is, masticatory muscle tenderness and/or pain, TMJ 
sounds and/or pain, and restricted jaw opening [10]. Painful TMDs are the most com-
mon cause of OFP, and their annual incidence in the United States has been reported 
at 4%. They occur twice as often in women as in men and are more common in the 
second to fifth decades of life. Persistent pain has been reported in 49% of TMD 
patients [11]. Association with other comorbidities like migraine/headache, neck 
pain, fibromyalgia, irritable bowel, and lower back pain is not uncommon [12, 13].

According to ICOP, pain related to TMD can be found under myofascial OFP 
and TMJ pain [9]. The diagnostic criteria for myofascial OFP start with the initial 
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distinction between the two main subtypes: primary and secondary myofascial OFP, 
followed by further subdivisions, subtypes, and subclasses. Masticatory muscle 
pain, not assignable to another disorder, is considered “primary,” while myofascial 
pain due to tendonitis, myositis, or muscle spasm is regarded as “secondary.” 
Primary masticatory muscle pain can be episodic (30 min each and a total duration 
of ≥2 h/day) or continual/continuous and manifest in the jaw, temple, and ear vicin-
ity. Its occurrence in the temporalis and/or masseter muscles needs to be confirmed 
by examination and should be provoked by palpation of one or both of these mus-
cles and/or movements related to maximum jaw opening. It must also exhibit an 
increase or decrease in pain, following jaw movement, function, or parafunction [9]. 
Provocation of pain is determined by exertion of 1 kg pressure for 2 s, and referral 
or spread of pain is assessed through applying palpation pressure of 1 kg for 5 s [14].

Similarly, the diagnostic criteria for TMJ pain also include initially differentiating 
between primary and secondary subtypes, followed by further classification into com-
parable subtypes and subclasses. Primary TMJ pain is localized to the joint without any 
causative disorder and can occur with or without jaw movement or palpation. It involves 
episodic or constant pain inside and/or in front of the ear confirmed by examination 
indicating occurrence in one or both TMJs. It also should be provoked by palpation of 
the lateral pole of the condyle or its vicinity and/or by maximum jaw movement of any 
type, with modification of pain. Secondary TMJ pain is caused by other disorders like 
systemic or nonsystemic arthritis, degenerative joint disease, subluxation, or disc dis-
placement with or without reduction and the possibility of intermittent locking [9].

Management of Temporomandibular Disorders

The treatment of TMD has a long history evolving from orthodontics for occlusion 
correction in the late 1990s to more invasive techniques like arthrocentesis or arthros-
copy in early 2000 to physical, psychological, and pharmacological therapies during 
the past decade [15]. Injection of substances such as corticosteroids, hyaluronate, anes-
thetics, and BoNT is reserved for patients whose pain does not resolve after conserva-
tive treatments like counseling, medication, physiotherapy, and occlusal splints [15, 
16]. Traditionally, BoNT has been administered intramuscularly for muscle relaxation 
leading to bite strength reduction and an indirect “joint-sparing effect” with consequent 
pain relief [17]. More recent evidence suggests axonal transport of BoNT to motor and 
sensory neurons from the peripheral to the central nervous system (CNS). Clinically, 
the antinociceptive effect of intramuscular BoNT injection is felt before muscle paraly-
sis. Following soluble N-ethylmaleimide-sensitive factor attachment protein receptor 
(SNARE) cleavage by BoNT at the injection site, there are significant reductions in 
inflammatory factors like IL-1ß, calcitonin gene-related peptide, and substance P [10, 
18], making BoNT practical for short- and long- term TMD pain management.

In cases where TMD pain is related to TMJ issues, BoNT can decrease TMJ 
overload by relieving muscle tension, could be administered to treat cases associ-
ated with dislocations [19], and may be directly injected in the joint to exert an 
antinociceptive effect by blocking neurotransmitter release from primary sensory 
neurons [20]. Neuropeptides and cytokines in inflamed joints sensitize the local 
nerves. Pain relief in arthritis occurs following reduction of inflammation due to 
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neuropeptide inhibition. Intra-articular BoNT injection may have an anti-inflamma-
tory effect through inhibition of neuropeptides/cytokines, reducing generation of its 
mediators like substance P, ultimately leading to diminished pain [21].

Efficacy of BoNT in the Treatment of Temporomandibular Disorders with Pain

BoNT Injection for TMD Pain Primarily Attributed 
to the Masticatory Muscles
Inactivation of neural transmission and acetylcholine blocking are BoNT features 
that have led to its approval for treating a variety of muscle disorders. In the orofa-
cial region, the anti-inflammatory, muscle-weakening, and analgesic effects of this 
toxin have been exploited to treat TMD pain [22, 23].

Using the criteria of the American Academy of Neurology (AAN) [24, 25], the 
efficacy of BoNT-A in TMD- associated myofascial pain management can be given 
a Level B efficacy (“probably effective”) based on one class I study [23] and one 
recent class II trial [22].

The most recent high-quality, class II study is a randomized clinical trial by de la 
Torre Canales et al. [22], who evaluated the effectiveness and safety of BoNT-A in 
100 women with persistent myofascial pain (47 had arthralgia or disc displacement 
in addition to myofascial pain). Five groups of 20 patients each received oral appli-
ance, placebo, 80 U, 140 U, or 200 U onabotulinumtoxinA (Botox). All injections 
for subjects allocated to placebo/BoNT groups were administered in both masseter 
and temporalis muscles by an operator blind to the dilutions. Based on the results, 
the three doses of BoNT-A significantly decreased pain compared to placebo and 
were all as effective as oral appliances.

Using different quality assessment approaches like GRADE and Jadad, a number 
of systematic reviews/meta- analyses have reported the evidence of BoNT utility for 
TMD pain control to be moderate to low, and despite demonstrating improvements 
in patients, its efficacy has been stated to be unclear at the current time. The risk of 
side effects was reported as not significant. According to these reviews, some inves-
tigations support the better performance of BoNT compared to placebo in the short-
term (1  month) follow-up, but not during longer intervals (3 and 6  months); a 
number of studies have reported BoNT to be equal to or slightly better than other 
treatment modalities, and yet others report no significant difference compared to 
controls or therapies like facial manipulation [26–28].

From 2017, among the investigations on BoNT efficacy in TMD pain, we analyzed 
nine studies that were either high quality [22, 23] and/or had used the Diagnostic 
Criteria for Temporomandibular Disorders (DC/TMD) [14] for their patient selection 
[18, 22, 29–34]. To further minimize heterogeneity, TMD due to bruxism will be dis-
cussed separately, especially considering that not all patients with TMD have bruxism 
and vice versa [35]. There were three randomized trials, and the rest were either retro-
spective or prospective clinical studies (Table 16.1). A variety of BoNT doses, injec-
tion sites and numbers, assessment tools, and patient groups were reported. Injections 
ranged from 30 MU Botox injected into one to six muscles [30] to 200  U Botox 
injected into 20 sites in four muscles [22]. The shortest lasting effect was 30 days [18], 
while two studies reported longer relief periods of up to 6 months [22, 32].
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One of the reasons for the variability in BoNT application is that muscle size 
could impact the neuromuscular effect of BoNT. Therefore, bulkier and larger mus-
cles would need more toxin to demonstrate the desired effects, and considering that 
muscle size is extremely variable among patients, the dosage of BoNT is adjusted 
on an “as needed” basis [36]. In addition, some studies modify the dosage according 
to the level of patient’s complaint and symptoms [18, 34]. De la Torre Canales et al. 
[22] showed superior pain-controlling effects of BoNT-A compared to saline, 
regardless of its dosage. Considering that adverse events increase in patients who 
receive higher doses of the toxin, they suggested using the lowest possible dose, 
which would offer the same effect as higher dilutions. Relief seemed to be achieved 
through effects of both dose-dependent motor activity and antinociceptive effects 
of BoNT-A.

Another interesting observation among the evaluated studies was that BoNT had 
a better impact on patients with localized myalgia than those who suffered from 
referred myofascial pain. In individuals with this kind of pain, soreness extends to 
areas distant from the limits of the affected muscle (DC/TMD) [30, 32].

BoNT Injection for TMD Pain Primarily Attributed to Temporomandibular 
Joint Origin

TMD pain with arthrogenic origin has also been managed by BoNT-A (Table 16.2). 
In a clinical study, significant improvement was observed after bilateral injection of 
300 U and 200 U Dysport into the masseter and temporalis muscles, respectively, of 
13 patients with pain due to disc disorder and degenerative joint disease [37]. 
Thomas and Aronovich [38] injected 53 subjects with TMJ arthralgia and refractory 
arthrogenous and myogenous pain with placebo or Botox before arthroscopy and 
found better pain relief in those who had received BoNT-A. In a prospective cohort 
study [39], intraoral versus extraoral approach for electromyography (EMG)-guided 
BoNT-A injection into the lateral pterygoid muscle was tested in 20 joints of patients 
with anterior disc displacement with reduction. For extraoral injections, insertion 
was through the space formed by the zygomatic arch and the mandibular sigmoid 
notch below the center of the zygomatic arch in patients with closed mouths. The 
intraoral insertion point was above the upper molars, parallel to the occlusal plane 
and lateral to the maxillary tuberosity. Pain reduction was significant compared to 
baseline in both groups, but the intraoral approach took significantly less time and 
was better tolerated by the patients. As stated above, de la Torre Canales et al. [22] 
included 12 and 35 patients with arthralgia and disc displacement (± reduction) in 
their randomized clinical trial of 100 TMD cases and reported favorable results of 
BoNT-A injection into the temporalis and masseter muscles, even in low doses.

Another method for pain control in arthrogenic TMD is through intra-articular 
administration of BoNT. Animal studies have demonstrated that injection of Botox 
into rat TMJs can prevent neuropeptide release leading to decreases in persistent 
hypernociception related to albumin-induced arthritis [40]. Batifol et al. [20] con-
ducted a retrospective study on 77 patients with severe chronic TMJ pain who had 
not responded to any treatments including intramuscular BoNT and intra-articular 

16 Botulinum Toxin in Dentistry and Treatment of Chronic Orofacial Pain
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sodium hyaluronate injections in the past 4 months. In an aseptic room, 30 U of 
Botox was injected into the joints following subcutaneous anesthesia. Doses of 
20 U, 30 U, and 50 U were previously tested by the investigators, and 30 U was 
found to be optimal. Clinical significance was set at a two-point reduction of pain 
on visual analog scale (VAS), which was observed in 66% of the patients at 1 month, 
lasting up to the 3rd month post- injection. Improvements in mouth opening and 
quality of life were also noted.

Comment

BoNT-A has shown positive effects in reducing pain and discomfort of TMD 
patients, and its tolerability and minimal adverse events (especially in low doses) 
make it suitable for treatment of this disorder. Based on AAN criteria, BoNT-A is 
“probably effective” for the treatment of pain in TMD. Double-blind, placebo-con-
trolled, class I clinical trials with extended follow-up periods may provide further 
evidence to establish the use of BoNT as “effective.”

Considering the multifactorial nature of TMD pain, the first step in rendering a 
treatment plan would be to reach a diagnosis and attempt to identify its major attrib-
utable source(s), that is, myogenous or arthrogenous. For intramuscular injections, 
it is best to consider the bulk and size of the muscle and to use the lowest dose pos-
sible with 30 day recalls to evaluate the possibility of further rounds of treatment. 
Planning should be individualized for each patient while contemplating additional 
treatment options in those affected by referred myofascial pain. Considering the 
lack of information on intra-articular injections, they should be saved as a last resort 
and only if the operator has the necessary skills to perform a safe injection.

 Bruxism

Definition, Classification, and Epidemiology

Bruxism, generally classified as sleep and awake subtypes, is an oral movement 
disorder encompassing a range of facial muscle activities of various causes and 
clinical relevance. In 2013, a multidisciplinary group of experts gathered to form a 
consensus on its definition and diagnostic criteria [41], which was later updated in 
2018 [42]. Sleep and awake bruxism were respectively described as “masticatory 
muscle activities that occur during sleep (characterized as rhythmic or nonrhyth-
mic) and wakefulness (characterized by repetitive or sustained tooth contact and/or 
by bracing or thrusting of the mandible)” in otherwise healthy individuals. Clenching 
was considered as “teeth touching not for swallowing purposes” and bracing/thrust-
ing as “increased levels of masticatory muscle activity without tooth contacts” [42]. 
Sleep bruxism has been reported to occur in 7.4% of the population, and the preva-
lence of awake bruxism is recorded as 22.1–31% [10]. However, their true inci-
dence remains unknown [35].

16 Botulinum Toxin in Dentistry and Treatment of Chronic Orofacial Pain
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Bruxism may be harmless and have one or more negative consequences or even 
be a protective behavior [42]. It is clear that treatments are directed toward the sec-
ond situation in which bruxism is a risk factor for inducing harmful events like 
orofacial pain.

Assessment of bruxism includes noninstrumental and instrumental approaches. 
Examples of the former are questionnaires, oral reports, and clinical examination. 
The latter consists of EMG recordings and polysomnography ideally coupled with 
audio/video recordings. Due to the multifactorial nature of the disorder, a reliable 
cutoff for types that pose as a risk factor is not practical [42, 43]. Both types of brux-
ism are graded as possible, probable, and definite according to (1) self-report only 
(minimum recording of one or 2 weeks), (2) clinical examination±self-report, and 
(3) instrumental determination±self-report±clinical examination, respectively [42].

Management of Bruxism

Clinical consequences of bruxism include occlusal wear, tooth damage, implant 
complications, and muscle or joint pain, but there is no agreement on which of them 
necessitate treatment of the behavior [35, 42, 43]. Both types of bruxism have 
shown correlation with TMD pain [44], but the possibility that they are a direct 
cause of TMD pain has not been conclusively established [45], and their amount 
and intensity do not necessarily result in increased muscle overloading and more 
pain [35, 46]. The need for interventions appears to be related to the extent of behav-
ior-related harm detected by the physician and the patient’s complaint. 
Pharmacotherapy (e.g., tricyclic antidepressant, protein pump inhibitors, BoNT 
injections); electromyography, biofeedback, and transcutaneous electrical neuro-
muscular stimulation; occlusal devices; muscle stretching; and combination 
approaches have been used with inconsistent results and questionable long-term 
effectiveness [10, 35].

Efficacy of BoNT in the Treatment of Pain Associated with Bruxism

The first report of BoNT injection for the treatment of bruxism was in 1990 [47]. A 
32-year-old woman who had developed bruxism while recovering from a coma fol-
lowing a car accident 6 month earlier was injected with 25 U of toxin-hemaggluti-
nin complex of botulinum toxin into both temporal and masseter muscles after 
partial recovery from her coma. A significant decrease in her bruxism was observed 
which lasted for 8  weeks with no effect on or interference with patient’s feed-
ing [47].

The most important aspect of bruxism that leads to clinical consequences neces-
sitating treatment is “masticatory muscle activity” [42]. Therefore, a reasonable 
approach to its management would be to decrease the activity of masticatory mus-
cles in a safe way, without compromising their physiological functions. BoNT 
enters nerve endings in the neuromuscular junctions, where it inhibits acetylcholine 
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release from synaptic terminals through cleaving SNAREs which results in reduced 
muscle contraction [10]. The effects are usually noticeable within a few days to 
1 week. The highest point of efficacy occurs after five to six weeks, and gradual 
decrease is seen thereafter, returning to its pre- injection state, 12 weeks after injec-
tion [48]. In an animal study, 1 month after BoNT administration into the masseter 
of rabbits, a reduction in amplitude and duration of EMG was observed with con-
comitant histologic atrophy of muscle fibers and increased collagen. After 3 months, 
some innervation had occurred as demonstrated by normal EMG duration and 
slightly increased cell division and fiber regeneration. However, microscopically 
some deficits including hypertrophied/atrophied/dead fibers and fibrosis remained 
[49]. In addition to its paralyzing effect on the masticatory muscles, BoNT may also 
have an antinociceptive effect in bruxism cases associated with pain (see 
Management of Temporomandibular Disorders above).

An interesting speculation regarding BoNT application in bruxism was that the 
feedback loop of the trigeminal motor nucleus might be affected by toxin-provoked 
muscle paralysis leading to suppression of the “central bruxism generator” [50]. 
Similarly, it was proposed that the peripheral effect of BoNT may have a central 
diminishing consequence, either directly or by decreasing central input following 
reduction of peripheral activity [48]. The central and autonomic nervous systems 
have been suggested to have a role in generating phasic or tonic (rhythmic or non-
rhythmic) masticatory muscle activity during sleep. It has been hypothesized that 
brain chemicals may control sleep- associated events and airway patency during 
sleep and enhance rhythmic masticatory muscle activity (RMMA) that occurs prior 
to sleep bruxism (SB) episodes [51].

Based on recent studies on BoNT-A administered to bruxers with pain 
(Table  16.3) [18, 50, 52–57], it seems that this toxin as a minimum can reduce 
bruxism-associated pain.

The literature (Medline and Google Scholar search) includes two class II studies 
[53, 54] and one class 1 trial [50] that have shown significant decrease in pain, pro-
viding level B evidence indicating BoNT to be “probably effective” for pain man-
agement in bruxers. Almost all studies used onabotulinumtoxinA (Botox), which 
was injected into the masseter (40–48 U) or masseter+temporalis (80–100 U) mus-
cles into 3–4 points. Effects were reported as soon as 12 days post-injection [52], 
and minimum return to baseline values was 90 days [18], while significantly less 
pain was reported even at 24 weeks in patients injected with BoNT compared to 
saline [50]. Most of the studies evaluated SB and used questionnaires/self-reports 
and examination. In comparison between BoNT and occlusal splints in a random-
ized single-blind prospective trial on 73 patients, Yurttutan et al. [53] reported sig-
nificant decrease of pain by both approaches; however, patients receiving BoNT and 
BoNT+occlusal splint had significantly less pain compared to those with occlusal 
splints only, while no differences were found between the BoNT groups. They sug-
gested no added benefit of occlusal splints, especially considering the difficulties in 
their application and the need for long-term compliance due to their relatively late-
onset effects. BoNT was ultimately proposed as an effective treatment for bruxism- 
related pain with limited need for commitment and long-term results. Kaya and 
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wAtaoglu [56] also compared these methods in 40 patients and found no difference 
in the reduction of pain between the two groups. In contrast to Yurttutan et al. [53], 
who administered BoNT to both masseter and temporalis muscles, they only 
injected the masseters and did not include a BoNT+occlusal splint group. 
Nonetheless, they proposed using BoNT in patients who cannot use occlusal splints. 
It has been suggested that BoNT injection may be even more useful in bruxers with 
clinical consequences other than pain, since their cooperation to use occlusal splints 
may be even less, due to the lack of a strong incentive like pain [48].

Notwithstanding the foregoing, it has been indicated that the effect of BoNT may 
be mainly subjective and it may not have a major impact on reducing the actual 
number of episodes and the genesis of RMMA and bruxism [58, 59]. The perceived 
effect by the patient is probably due to the lowering in masseter intensity as evi-
denced by EMG data [58]. Further controlled studies objectively measuring out-
comes like muscle forces, sleep variables, and bruxism events have been proposed 
[48, 59].

Comment

Based on several high-quality studies in the literature and using the AAN criteria, 
BoNT-A is “probably effective” for the management of patients with bruxism-
related pain, successfully providing them with relief. BoNT can be applied as a 
substitute for occlusal splints, which require high maintenance and can be uncom-
fortable, in addition to demonstrating late-onset effects. This toxin can even be pre-
scribed to bruxers that have clinical consequences other than pain. Larger class I 
trials with longer follow-up on bruxers with pain are required to provide level A 
evidence for the application of BoNT in controlling pain in individuals with bruxism.

 Neuropathic Orofacial Pain

By definition, neuropathic pain refers to allodynia, hyperalgesia, and/or numbness 
of the skin, viscera, and musculoskeletal system directly caused by a disease/injury 
to nerves or structures of the CNS. It may be similar to pain felt during inflamma-
tion, but the distinction is that it must involve neural tissues. Its prevalence has been 
estimated at 6.9–10% of the population and is described as burning, sharp, or elec-
tric [1, 5, 7].

Neuropathic OFP is a blanket term used to cover painful lesions/diseases of the 
cranial nerves [1, 5]. ICOP has used the term “orofacial pain attributed to lesion or 
disease of the cranial nerves” and divided the clinical entities that fall under this 
category into those related to the trigeminal, or the glossopharyngeal nerves.
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 Pain Attributed to Lesions or Diseases of the Glossopharyngeal Nerve

Glossopharyngeal Neuralgia (GN)

Definition, Classification, and Epidemiology

GN is described as sudden, short, unilateral, shock-like, or stabbing severe pain last-
ing from a few seconds to 2 min in the area innervated by the glossopharyngeal and 
the auricular and pharyngeal branches of the vagus nerve, which is felt in the ear, 
tongue base, tonsillar fossa, and the mandibular angle, incited by jaw movements 
like swallowing, talking, and coughing. The classic type is diagnosed by MRI or 
during surgery, while secondary GN is characterized by an underlying disease caus-
ing neuralgia. It is extremely rare, affecting approximately 0.2–0.8/100,000 indi-
viduals per year, mostly men over 50 years of age [7, 9, 60].

Management of Glossopharyngeal Neuralgia

Pharmacotherapy including agents like carbamazepine, gabapentin, and pregabalin 
is the first line of treatment in GN management and could be supplemented with a 
glossopharyngeal nerve block, which has demonstrated favorable results. Surgical 
intervention is preserved for cases not responding to these options [60].

Efficacy of BoNT in the Treatment of Glossopharyngeal Neuralgia

We only found one publication on BoNT application in GN, which reported that 
neither Dysport nor Botox show any effect on pain control [61].

Comments

Until further studies on the efficacy of BoNT on GN are conducted, we cannot com-
ment on its efficacy in reducing pain intensity in these patients. The only study in 
this regard did not show a positive effect of BoNT.

 Pain Attributed to Lesions or Diseases of the Trigeminal Nerve

Trigeminal Neuralgia (TN)

Definition, Classification, and Epidemiology

According to ICOP, TN is characterized by recurring, unilateral, short, electric, 
shock-like pains, precipitated by innocuous stimuli that appear and cease suddenly 
and are limited to the distribution of one or more divisions of the trigeminal nerve. 
The pain is of severe intensity, and the attacks last from a fraction of a second up to 
2 min. They occur inside the trigeminal dermatome with no radiation [9].

Chronic Orofacial Pain
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Its subtypes include classical or primary, secondary (due to multiple sclerosis, 
space-occupying lesion, other causes), and idiopathic [9]. According to the European 
Academy of Neurology (EAN), the difference between classical and idiopathic is 
that classical occurs as a result of “neurovascular compression with morphological 
changes of the trigeminal root,” while idiopathic has “no neurovascular contact 
(NVC) or NVC without morphological changes of the trigeminal root” [62]. For 
diagnosis, close collaboration between neurologists, neuroradiologists, and dentists 
using MRI with or without diffusion tensor imaging, brain gray matter analysis, and 
trigeminal reflexes is recommended [62, 63]. The symptomatology is basically the 
same in all three subtypes [63].

TN occurs more commonly in women, rarely before 40 years of age, with an 
incidence that ranges between 0.03% and 0.3% in the general population, with 
higher incidence rates reported in the United Kingdom (27/100,000/year) compared 
to the United States (4/100,000/year) [64].

Management of Trigeminal Neuralgia

Pharmacological treatment is the first line of therapy for long-term TN pain, which 
includes carbamazepine, oxcarbazepine, and other anticonvulsant drugs. In addition 
to ¼–½ of patients becoming refractory to pharmacotherapy, there are a number of 
side effects associated with these drugs. Surgical options like microvascular decom-
pression, gamma-knife surgery, and neuro-ablative therapy are offered after the fail-
ure of medical treatments. While their possibility should be mentioned in the early 
stages of treatment, the patient should also be made aware of their potential to cause 
side effects. Another safer and more acceptable therapy is BoNT-A injection, which 
is included in the 2019 guideline of the EAN on trigeminal neuralgia, to be used as 
add-on therapy for medium-term management. This is an important addition con-
sidering the high rate of persistent symptoms or side effects following application 
of carbamazepine and oxcarbazepine [10, 62, 63, 65].

Efficacy of BoNT in the Treatment of Trigeminal Neuralgia

The exact mechanism by which BoNT controls TN pain is uncertain. Both central 
and local/trigeminal antinociceptive effects have been suggested. Studies show that 
the antinociceptive activity of BoNT following its peripheral administration is due 
to a decrease in central sensitization and suppression of overexpression of nocicep-
tors [66]. Additionally, the axonal transport of this toxin to the CNS can also con-
tribute to its analgesic effects [10].

Matak et al. [67] evaluated the central antinociceptive function of BoNT-A in a 
formalin-induced model of facial pain. Their study included injection of low doses 
of toxin into the whisker pad and sensory trigeminal ganglion of rats. Colchicine 
was used as an inhibitor. They showed that trigeminal sensory neurons are respon-
sible for axonal BoNT transport which is a requisite for its antinociceptive effects, 
even when directly administered to the ganglion. The conclusion was that the sen-
sory root is the path by which BoNT-A is transmitted to the trigeminal nociceptive 
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projections in the CNS. Similarly, in a rat TN model based on chronic constriction 
injury of the infraorbital nerve, the antinociceptive effect of peripherally adminis-
tered BoNT-A was attributed to its direct action on the trigeminal nucleus through 
axonal transport. The expression of some of the TRP family members (nonselective 
cation channel proteins) was downregulated, and central sensitization was decreased 
[68]. A recent animal study on rats indicated that injection of BoNT-A into the oro-
facial area reduces pain via axonal and hematogenous transport. Using a chemother-
apy-induced bilateral neuropathic pain model, the authors showed that following 
unilateral peripheral administration of BoNT-A, the head withdrawal threshold was 
enhanced bilaterally. They also used an infraorbital nerve constriction model to 
demonstrate intensified head withdrawal threshold after peripheral toxin injection in 
the contralateral side. Another interesting observation was that intradermal injec-
tions resulted in the appearance of BoNT-A in the circulation. Finally, they reported 
identifying the C-terminal half of the heavy chain of BoNT-A in the neurons of both 
right and left trigeminal ganglia following unilateral peripheral injection [69]. 
Further studies are required to elucidate the exact mechanisms involved in the anti-
nociceptive effects of BoNT.

Based on recent systematic reviews and meta-analyses, current evidence sug-
gests that BoNT-A application in TN is an effective and safe option for reducing 
pain intensity and frequency with minimal transient side effects [70–73]. However, 
high-quality studies providing high level of evidence for its widespread usage in this 
disease are still lacking [36, 70–74]. Since the last edition of this book with one 
reported class I trial on TN [75], 12 studies [65, 76–86] and several case reports [74] 
have been added to the literature, of which two are class I double-blind, random-
ized, placebo- controlled studies [76, 78] (Table 16.4), conferring Level A evidence 
for BoNT efficacy in TN treatment. There are still no guidelines providing definitive 
specifications for dosage, injection site, number of injections, administration route 
or number, and time of repeats.

Dosage and number of injection sites has ranged from 15 IU [83] to 200 U [65] 
and 1 [84, 86] to 25 points [77, 81, 85], respectively. The lowest dose reported in the 
literature seems to be from an open-label trial on 13 patients, which found 
6.45–9.11 U to be effective, depending upon the pain distribution area [87]. Short-
term efficacy has been reported to be similar between higher (75 U) and lower doses 
(25 U) of BoNT [78]. Comparable effectiveness of small and large doses has also 
been confirmed in other studies [65, 77]. In addition to dosage, it is interesting that 
repetition of injections also did not affect therapy results. Neither treatment out-
come nor side effects were different in single versus repeated injections, and adverse 
events were suggested to be more closely associated with the injection method [81].

The administration route has been mostly intradermal, or intra mucosal in trigger 
points (if identifiable) or along the distribution of the affected nerve and usually 
involves multiple points [77–79, 81–83, 85]. An open-label trial used a different 
approach that included only one or two injections by which BoNT was administered 
into the maxillary and/or mandibular nerve roots near the ganglion. The maxillary 
root was targeted through the upper edge of the zygomatic arch between the orbital 
rim and ear, while the middle of the lower edge of the zygomatic arch was the 
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insertion point for the mandibular root with predefined depths and needle rotations. 
The treatment was well tolerated, and 88.9% of the patients showed ≥50% reduc-
tion in pain in the 6th month, and 2 out of 17 patients were recurrence-free for 
2 years [80]. This technique does not require a radioscopic or echographic guide but 
depends on the operator’s skill.

Another injection option is the administration of BoNT toward the sphenopala-
tine ganglion. This method has been applied using a navigation device (MultiGuide®, 
aided by surgical navigation) [84] and a CAD/CAM-derived injection guide [86] on 
ten patients in each study. The latter study achieved response by all participants, 
whereas the former observed a significant reduction in attack intensity but not in its 
main efficacy endpoint, which was ≥50% reduction in median attack numbers 
per day.

Comments

Despite the “A” level of evidence for the effective use of BoNT in TN treatment 
[88], a guideline describing optimal doses, administration routes, number of injec-
tions, etc. is yet to be developed. To prevent side effects, tolerance, patient discom-
fort, and increased cost, it is recommended that the lowest dose with the smallest 
number of injections per site be used for TN management and injections be repeated 
only when pain returns and not at the perceived endpoint of BoNT efficacy. 
According to existing data, 25–40 U BoNT administered intra- dermally/mucosally 
into 15–20 sites (2–2.5 U/point) is recommended for TN therapy [88]. Large well-
designed, double-blind, placebo-controlled clinical trials with long follow-up peri-
ods are needed to determine the optimum treatment method and the efficacy, safety, 
and tolerability of the less used injection techniques. Pharmaceutical engineering to 
design target-specific BoNTs focusing on pain neurotransmission could be an inter-
esting subject for future research.

Other Trigeminal Neuropathic Pains

In these types, the criteria of neuropathic pain are satisfied, and their major differ-
ence with TN is that the regions with allodynia are larger in the former compared to 
the punctate precipitation points of the latter.

Herpetic, Post-herpetic, Post-traumatic Trigeminal Neuropathic Pain and Other 
Disorders’

Definition, Classification, and Epidemiology
The herpetic and post-herpetic subtypes are recognized as pain on one side of the 
face in the area covering at least one of the trigeminal branches with a duration of 
more than 3 months and related to signs/symptoms of acute herpes zoster (“her-
petic’) in the same region as the pain or temporal relation to the acute infection 
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(“post-herpetic”). Confirmation by PCR (virus in CSF or its DNA in the base of the 
eruption) or direct immunofluorescence assay (VZV antigen) of the original infec-
tion is required [9]. Post-herpetic neuralgia is more common in men and has an 
overall estimated incidence of 3.9–42.0/100,000 person per year, which increases 
with age. In the trigeminal region, it affects the ophthalmic nerve more often, but its 
specific incidence is not known and has been reported to be the second most com-
mon site of reactivation after the thoracic dorsal root ganglion [7, 9, 89, 90].

Post-traumatic trigeminal neuropathic pain (PTTNP) develops within 6 months 
after any kind of trauma to the peripheral trigeminal nerve(s) and leads to persisting 
or recurring pain in one or both sides of the face or oral cavity (>3 months), with or 
without other signs of nerve dysfunction. The pain should be accountable by detect-
ing a lesion of the nerve(s) by acceptable diagnostic tests, and somatosensory symp-
toms may be positive or negative. Dental interventions constitute an important cause 
of injury and can be caused by injections, endodontic therapy, tooth extractions, and 
surgical procedures, including implant placement [9]. The incidence of this type of 
pain is extremely difficult to assess, since there is a large individual variability fol-
lowing similar injuries and different procedures have different odds of causing 
PTTNP, which have been reported to range from 0.3% to 13% [1, 91].

Management of Herpetic, Post-herpetic, Post-traumatic Trigeminal Neuropathic 
Pain and Other Disorders

Due to the lack of large studies with adequate treatment duration and follow-up 
periods, an exact management protocol for post-herpetic trigeminal neuropathic 
pain does not exist, and the evidence is generally insufficient. The Neuropathic Pain 
Special Interest Group of the International Association for the Study of Pain 
(NeuPSIG) has recommended antidepressant, anticonvulsant, and anxiolytic medi-
cation as first line of therapy, 5% lidocaine and 8% capsaicin patches and tramadol 
as second-line therapy, and BoNT and opioids as third-line therapy [90].

For PTTNP, there is no consensus on the best timing and treatment modality, and 
most approaches have not rendered favorable results, especially considering the low 
drug response rate (11%) of PTTNP compared to other neuropathic pain entities 
(20–40%). Therefore, management of these patients mostly involves improving 
quality of life through coping strategies and minimizing pain and functional impair-
ments [92, 93].

Efficacy of BoNT in the Treatment of Post-herpetic Trigeminal Neuralgia

BoNT administration can be a helpful option for the management of post-herpetic 
neuralgia, considering that the disorder arises more commonly in older people who 
have underlying comorbidities that limit certain strategies. According to Safarpour 
and Jabbari [88] and based on two AAN class I studies, there is Level A evidence 
for the efficacy of BoNT therapy in post-herpetic neuralgia. However, the informa-
tion on the treatment outcome of this toxin in trigeminal nerve involvement is insuf-
ficient. The importance of this issue is that studies have shown that trigeminal 
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herpes could be more painful than involvement of other nerves [94] and has been 
known to respond less to treatments and be more difficult to manage [95, 96]. It has 
been suggested that trials on treatment strategies for post-herpetic neuralgia should 
analyze different locations, separately [97].

In a prospective, randomized, placebo-controlled, double-blind, parallel group 
study, 60 participants were allocated into placebo, lidocaine, and BoNT (BTX-A, 
Lanzhou, China) groups (20 patients per group). Subcutaneous injections of BTX-A 
were given 1–2 cm apart, and depending on the painful area, patients received up to 
200 U of the toxin. Improvements in pain intensity (visual analogue scale, VAS), 
sleep time (hours), and the reduced need for opioid use were significantly greater in 
the BoNT group compared to each of the other groups. Post-herpetic neuralgia was 
located in the orofacial region in 11 of the patients, but no further information was 
provided on them, except that they experienced more pain during the injections [98].

Another study reported significant pain relief within 16 weeks in 19 post-her-
petic pain patients following administration of 500 U BoNT (Dysport) in 25 points. 
Three of them had ophthalmic involvement, and the authors stated that pain reduc-
tion was not associated with “dermatomal involvement” [99].

In an observation of eight cases with intractable post-herpetic neuralgia, the tri-
geminal nerve was involved in six out of eight patients (V1 and V2). The thoracic 
region was the site of involvement in the other two cases. A total dose of 50–100 U 
BoNT (Botox) was injected intradermally at multiple sites 2  cm apart, which 
showed significant pain relief in five out of eight subjects, starting from day 7 and 
continuing to approximately 74  days post-injection. Further information on the 
involved nerve of the five patients who demonstrated pain relief was not pro-
vided [100].

Comments

It is not yet clear whether post-herpetic neuralgia originating from the trigeminal 
nerve responds differently to BoNT therapy as compared to other nerves involved 
by this disorder. The preliminary data demonstrates that BoNT-A relieves pain in 
some patients with recalcitrant post-herpetic pain in the trigeminal distribution. To 
elucidate this issue, further studies, preferably controlled clinical trials, are needed 
to determine whether there is a need to modify the existing BoNT injection tech-
nique for patients with post-herpetic trigeminal neuropathy.

Efficacy of BoNT in the Treatment of Post-traumatic Trigeminal 
Neuropathic Pain

There is Level A evidence, based on two AAN class I studies, confirming the effec-
tiveness of BoNT treatment in post-traumatic neuralgia, none of which included 
PTTNP cases [88]. It has been suggested that PTTNP is more challenging to man-
age than other neuropathic pain disorders like spinal traumatic neuropathies, due to 
possible differences in pathophysiological mechanisms [101].
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In order to gather and present data on BoNT effectiveness in post-traumatic neu-
ralgia affecting the trigeminal nerve and the orofacial region, a literature search 
using Medline and Google Scholar showed significant variability in the descriptive 
nomenclature and considerable overlap in the classifications. “Atypical odontalgia” 
has been considered a subtype of persistent idiopathic facial pain (PIFP) by ICHD-3; 
however, at the same time, when associated with a history of trauma, the ICHD-3 
states that it could also be classified as a subtype of PTTNP but declares insufficient 
data to suggest definitive diagnostic criteria. Furthermore, according to ICHD-3, “A 
continuum seems to exist from Persistent idiopathic facial pain induced by insig-
nificant trauma to Painful post-traumatic trigeminal neuropathy caused obviously 
by a significant insult to the peripheral nerves” [102]. ICOP suggests diagnostic 
tests and other criteria that may be helpful to differentiate these disorders [9]. 
However, considering the limited number of reported cases in the literature in addi-
tion to different descriptive terms and inadequate information in the existing reports 
(especially those that are older), it was not possible to accurately differentiate 
between these two entities. Therefore, we have divided all studies on PTTNP, den-
toalveolar neuropathic pain, atypical odontalgia, persistent idiopathic dental/facial 
neuralgia, and similar terms into two lagre groups: those that have a documented 
history of any kind of trauma and are suggestive of PTTNP (Table 16.5) and those 
with no evidence of any traumatic event that would be suggestive of persistent idio-
pathic facial/dentoalveolar pain (Table 16.6, also see sections “Persistent Idiopathic 
Facial Pain (PIFP)” and “Persistent Idiopathic Dentoalveolar Pain (PIDP)”).

Table 16.5 summarizes the reports of BoNT treatment in patients with trigeminal 
neuropathic pain with a history of trauma/dentomaxillofacial procedure (suggestive 
of PTTNP) [103–110]. In these cases, applied BoNT doses ranged between 10 U 
and 250 U, but achievement of pain relief was satisfactory in most subjects. The 
available information indicated between four and ten injection points that were 
divided among the painful regions to fulfill the predetermined total doses. Different 
BoNT types such as onabotulinumtoxinA (Botox), abobotulinumtoxinA (Dysport), 
and South Korean type A toxin (Meditoxin and Innotox) were used in these studies. 
Intraoral administration sites were more common in the facial gingiva and vestibu-
lar mucosa, but tooth socket, hard palate, and labial mucosa were also injected. 
Extraoral administrations included intradermal and intramuscular routes. Effects 
were reported as early as 3  days and as late as 1  month, lasting between 2 and 
5 months. No serious long-term adverse events were observed in these cases. Of the 
18 subjects reported in Table 16.5, there were a total of three female nonresponders 
[107, 109]. Two of them had a history of orthognathic surgery (20 U) and extraction 
of tooth #30 (10 U). The authors suggested the possibility that further repeat cycles 
might have achieved significant results in these patients [109]. The other subject, a 
52-year-old female, was reported as having persistent idiopathic facial pain, but 
considering the history of endodontic therapy, we included her in this section. The 
time of initiation of the pain after her dental treatment was not stated. Following 
endodontic treatment of the mandibular left first molar and first premolar, pain 
developed in the left lower “hemiface” and gradually intensified and was referred to 
the maxillary left quadrant. During the next 5  years, she received a series of 
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diagnoses and treatments with no relief. Despite administration of one of the highest 
BoNT doses found among the current reports (200 U), the subject’s pain did not 
subside. Pain from pulp conditions and posterior teeth can be referred to the ipsilat-
eral opposite jaw [111]. Additionally, persistent ectopic pain can develop following 
trauma to the mandibular nerve fibers and eventually disseminate to regions inner-
vated by other untraumatized trigeminal nerve branches [112]. Based on the pro-
vided information, it is not clear whether the pain in this patient originated from her 
endodontic procedure but maybe the referral nature of the pain made BoNT treat-
ment less effective. Similar observations regarding the reduced efficacy of BoNT on 
referred myofascial pain were discussed above under treatment of TMD pain.

Intraoral injections are mostly safe and used routinely in dental practice. 
However, it has been suggested to be cautious during intraoral injection of BoNT by 
reducing the dosage and number of injections as much as possible but enough to 
achieve the desired effect [105].

Comments

Despite the encouraging results on BoNT efficacy in the treatment of trigeminal 
neuropathic pain with a history of trauma (suggestive of PTTNP), drawing defini-
tive conclusions on dosage and number of injection sites to use as a guideline is not 
possible at this point due to the limited number of available studies. Controlled and 
blinded studies are needed to define the efficacy of BoNT treatment in PTTNP.

 Idiopathic Orofacial Pain

Idiopathic orofacial pain is defined as persistent, poorly localized pain of unknown 
cause with moderate intensity occurring on one or both sides of the face or oral cav-
ity in the distribution area of ≥1 of the trigeminal branches identified as “burning,” 
“pressing,” or “dull” [9].

 Persistent Idiopathic Facial Pain (PIFP)

 Persistent Idiopathic Dentoalveolar Pain (PIDP)

These disorders have been classified as a single entity in ICHD-3 but are considered 
separately in ICOP [9, 102]. Based on the existing literature on BoNT, they will be 
considered together for convenience.

16 Botulinum Toxin in Dentistry and Treatment of Chronic Orofacial Pain
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Definition, Classification, and Epidemiology

Persistent pain in the face not following a peripheral nerve distribution or occurring 
unilaterally in the dentoalveolar complex localized to a tooth or alveolar bone rarely 
in more than one site, recurring for >2 h/day for >3 months, with no detectable clini-
cal, radiographic, or local cause, is regarded as PIFP and PIDP, respectively [9]. The 
further classifications of these entities are beyond the scope of this discussion. 
Considering the different classifications, terminology, and diagnostic criteria, an 
exact estimate of its prevalence is difficult to obtain, and ranges between 0.03% and 
1% have been reported with a higher incidence in 40- to 50-year-old females 
[1, 113].

Management of Persistent Idiopathic Facial and Dentoalveolar Pain

Due to the ambiguous nature of these disorders, a specific treatment has not been 
developed, and the level of evidence for the suggested therapies, like low-level laser, 
tricyclic antidepressants, duloxetine, venlafaxine, and anticonvulsants, is low [1].

Efficacy of BoNT in the Treatment of Persistent Idiopathic Facial 
and Dentoalveolar Pain

The number of investigations on BoNT effectiveness in PIFP and PIDP is scarce, 
and there are no placebo-controlled, blinded clinical trials. The studies are limited 
to case reports, case series, and open-label trials. Additionally, as stated above, due 
to overlaps in definition with PTTNP and lack of detailed data on patient character-
istics in the existing reports, it would be difficult to collectively evaluate BoNT 
studies on PIFP/PIDP management. Table 16.6 illustrates cases of BoNT therapy in 
patients with trigeminal neuropathic pain without a history of trauma/dentomaxil-
lofacial procedures (suggestive of PIFP/PIDP). There were a total of ten cases 
reported in four studies [104, 108–110] that used 10 U–30 U BOTOX®, Meditoxin, 
or Dysport to inject into 6–12 points distributed in the gingiva. Of the treated cases, 
three patients did not respond, and two patients had less than 50% pain reduction, 
meaning that suboptimal results were obtained in 50% of patients.

Comment

With the small number of cases and lack of double-blind comparisons with placebo, 
the efficacy of BoNT in the treatment of trigeminal neuropathic pain without a his-
tory of trauma/dentomaxillofacial procedure (suggestive of PIFP/PIDP) is unclear 
at this stage, but it seems that the responsiveness of patients to toxin administration 
is not as favorable as the other neuropathic pain subgroups.

Chronic Orofacial Pain
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 Burning Mouth Syndrome

Definition, Classification, and Epidemiology

ICOP describes BMS as a burning or dysesthetic feeling lacking an apparent local 
or systemic cause that occurs >2 h/day for over 3 months (“probable BMS” if less 
than 3 months). In addition, the pain has to be “burning” and “superficial” for diag-
nosis. This disorder is further divided into BMS with and without somatosensory 
changes, based on the results of quantitative sensory testing [9].

The global prevalence of BMS is 1.73% worldwide and 7.72% in dental clinics, 
with a higher prevalence in Europe (5.58%) and North America (1.10%) compared 
to Asia (1.05%). It occurs almost three times more often in women and is more 
prevalent in individuals >50 years of age [114].

There has been controversy regarding different aspects of this entity including 
nomenclature (replacing BMS with BM “disorder”), research diagnostic criteria, 
duration of symptoms, and pathophysiology [115, 116]. An important question that 
can influence treatment options is whether this disease is a neuropathic pain disor-
der, with some classification systems considering it as such [1, 7, 117]. Central and 
peripheral neuropathies have both been variably implicated in BMS. The former is 
associated with disruption of the dopaminergic or serotoninergic systems, while the 
latter involves peripheral neuropathy of the small-diameter fibers in the oral mucosa 
[117]. ICOP has also suggested the possibility of BMS being considered as a neu-
ropathic pain condition [9].

Management of Burning Mouth Syndrome

There is no uniform evidence-based treatment strategy for BMS, but the most 
important initiative would be a correct diagnosis and ruling out all other entities 
with similar symptoms. Starting from the most conservative options like mastica-
tory muscle exercise and hot pack, ultrasound and physical therapy are recom-
mended. Pharmacotherapy with systemic or local agents like antidepressants, 
gabapentin, clonazepam, lycopene, lafutidine, and capsaicin and psychological 
treatments have been administered in these patients with variable results [6].

Efficacy of BoNT in the Treatment of Burning Mouth Syndrome

The number of studies on BoNT injection in BMS patients is scarce (Table 16.7), 
and the information provided on diagnostic criteria and treatment is insufficient 
[118–120]. The dosage used for effective management has ranged from 50 to 100 U, 
which was injected into masticatory muscles, the tongue, and lip, with effects start-
ing from 48 hto 3 weeks later and lasting up to 20 weeks with no significant side 
effects.

16 Botulinum Toxin in Dentistry and Treatment of Chronic Orofacial Pain
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The logic behind using this toxin relies on both its muscle relaxant and antinoci-
ceptive effects. Musculoskeletal issues and tension of the lingual muscles have been 
proposed as possible triggering factors for tongue pain [121, 122]. Parafunctional 
habits and masticatory muscle tenderness upon palpation are relatively common 
among BMS patients. Hypotheses like habit-induced microtrauma causing neuro-
pathic alterations in the tongue and lingual nerve compression due to entrapment in 
the lateral pterygoid muscle have been suggested for the possibility of musculoskel-
etal involvement in BMS [120, 123].

As for the justification of the antinociceptive effect of BoNT in BMS, it should 
be noted that BoNT-A inhibits the activity and membrane translocation of transient 
receptor potential vanilloid-1 (TRPV1), and its effect has been shown in several 
pain models [124]. In BMS, there is a reduction of C-fibers in the lingual mucosa 
causing upregulation of TRPV1 (among other factors) in the remaining fibers, each 
responding to specific stimulations [117].

 Comment

Based on the extremely limited number of reports on the use of BoNT for managing 
BMS, it is not possible to form a definitive opinion on its efficacy. However, consid-
ering the refractory nature of the disease, the favorable reports, and the safety of 
BoNT, it seems that this toxin may be a potential option for BMS treatment and 
warrants further investigation.

 Case Report: Courtesy of B. Jabbari, MD [75]

A healthy 60-year-old man presented with significant painful hypersensitivity to 
touch on the gingiva adjacent to an extraction site with three missing left molars. 
The allodynia developed 3 years ago following the extractions and was described as 
attacks of severe and jabbing pain that radiated to the upper lip on the same side. 
The paroxysms occurred several times a day with an intensity of 9 or 10 on VAS and 
prevented him from comfortable brushing. He was currently on 600 mg gabapentin, 
q.i.d. which was not effective, similar to his past analgesic medications.

The allodynia on the gingiva, over and anterior to the extraction site, was con-
firmed on examination (Fig. 16.1), and he was injected intramucosally with 10 U 
(2.5 U  ×  4 points) of onaA in the painful area, 2–3 mm below the surface. Based 
on the preceding discussion, the pain could be classified as trigeminal neuropathic 
pain with a history of dentomaxillofacial procedure (suggestive of PTTNP). He 
reported distinct improvement of pain and discontinuation of the paroxysms after 
7 days. The effects lasted up to 6 months, and a second round of treatment was 
administered at the patient’s request, which yielded the same efficacy. He recorded 
a “very much improved” answer in PGIC (Fig. 16.1).

16 Botulinum Toxin in Dentistry and Treatment of Chronic Orofacial Pain
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Fig. 16.1 Regions of allodynia on the gingiva covering an extraction site, with radiation to the 
upper lip on the same side. A total of 10 U (4 × 2.5 U) onaA was administered into areas demar-
cated with black ink. (Drawing courtesy of Damoun Safarpour, MD)
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Chapter 17
Botulinum Neurotoxin Treatment 
of Unusual and Rare Painful Disorders

 Introduction

Some rare and uncommon neurological disorders are associated with significant 
amount of local pain. The spectrum of neurological symptoms in these rare disor-
ders is wide including increased muscle tone, involuntary movements, and abnor-
mal postures. The pain associated with these conditions often responds partially to 
conventional analgesic medications, and most patients are not happy with their level 
of pain control.

This chapter focuses on the effect of BoNTs on alleviation of the pain associated 
with uncommon and rare disorders. Four such disorders are selected for discussion 
in this chapter: stiff-person syndrome, painful legs-moving toes, painful camptocor-
mia, and the syndrome of central pain. Some case reports are presented from the 
author’s experience to illustrate the patients’ clinical features, recommended toxin 
doses, and the appropriate injection techniques.

 Stiff-Person Syndrome (SPS)

Stiff-person syndrome (previously called stiff-man syndrome or the syndrome of 
Moersch and Woltman) is an autoimmune disorder characterized by progressive 
increase in muscle tone (rigidity), associated with painful, trigger-induced muscle 
spasms, predominantly affecting axial and proximal limb muscles [1]. The exact 
pathophysiology of SPS is not known, but the presence of antibodies against GABA 
decarboxylase (GAD), the rate-limiting enzyme which makes GABA, suggests an 
inherent dysfunction of inhibitory spinal cord mechanisms [2]. Increased levels of 
GAD-65 antibody are found in 60–80% of the patients with SPS. The level of anti- 
GAD antibody may not correlate with the severity of symptoms in SPS [1], 
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however. Approximately 30% of the patients with SPS have type 1 diabetes with 
autoantibodies to the same isoform of GAD65 shared by both disorders [3]. 
Electromyography shows continuous muscle activity and firing of motor unit poten-
tials which are easily triggered by photic or acoustic stimuli. This increased activity 
is seen in both agonist and antagonist muscles, and unlike a normal muscle, voli-
tional activation of the agonist muscles does not reduce or stop the activity of the 
antagonist muscles [4].

Based on their experience at Mayo Clinic, McKeon et al. [5] defined SPS as a 
rare disorder as they observed only an average of four new patients per year. Of 99 
patients that they diagnosed over 25  years, 67 were female (68%), and 89 were 
Caucasian (91%). They subdivided the clinical picture of SPS into classic SPS (65 
patients) with predominantly lower trunk involvement conforming to the original 
description of Moersch and Woltman [6] and a partial variant (31 patients) with 
involvement of one or more (usually lower) limbs. This variant is also called stiff- 
limb syndrome (SLS) by others in the field. Included among the 99 patients were 
three patients with the poorly understood disorder of progressive encephalomyelitis 
and rigidity (PERM). Eighteen of 99 patients (10.6%) were seronegative for anti- 
GAD antibody. Seronegativity was more common among patients with the partial 
variant of SPS (12 out of 31 versus 6 out of 65, P < 0.05). Some patients with stiff- 
person syndrome demonstrate significant myoclonus for whom the term jerky stiff- 
person syndrome is used.

SPS is occasionally a manifestation of an occult neoplasm. Paraneoplastic SPS 
accounts for 5% of SPS patients and has been described in association with carci-
noma of the breast, lung, colon, thymus, and lymphoma [7]. The SPS symptoms 
may precede detection of the neoplasm by months or even years. Presence of anti- 
amphiphysin antibodies in these patients correlates with adenocarcinoma of the 
breast or small cell carcinoma of the lung [8, 9]. Maurinson and Guarnacia [10] 
emphasized epidemiological and clinical features of SPS with amphiphysin anti-
bodies; these features include older age, marked predominance among women, 
absence of diabetes, and cervico-brachial rigidity. Increased level of anticardiolipin 
antibody and beta-2 glycoprotein 1 has been reported in SPS [11].

Treatment of SPS is aimed at reducing muscle tone, alleviating pain, and pre-
venting further damage to the central nervous system (CNS). High doses of diaze-
pam (40–100  mg daily) are commonly used for reducing muscle stiffness in 
SPS. Reduction of muscle tone can be achieved also by baclofen (including the use 
of intrathecal route), tizanidine, or dantrolene. Levetiracetam, vigabatrin, valproic 
acid, clonazepam, and gabapentin are used to reduce CNS hyperexcitability. 
Anecdotal observations claim improvement of SPS symptoms with short courses of 
steroids [12]. Intravenous immunoglobulin (IVIG) therapy is often employed to pre-
vent further damage to the CNS. The recommended total dose is 2 gram/kg, over 
3–5 days and may be repeated every 4–6 weeks [13]. A recent study has shown the 
continued efficacy of this treatment over 5 years [14].

More severe cases, and especially those with compromised respiratory function 
due to severe spasms of the thoracic muscles, may require plasma exchange (PE). 
Czempik et al. [15], in a recent review of literature, noted marked improvement of 
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symptoms after plasmapheresis in 70% of patients with SPS and high anti-GAD 65 
antibody titers. In some patients, after treatment, anti-GAD65 titers did not show 
appreciable reduction despite notable clinical improvement. Although a controlled 
study showed no advantage for rituximab over other modes of therapy in SPS [16], 
case reports claim its effectiveness against SPS symptoms [17, 18]. Recently, a 
group of investigators reported gluten sensitivity in patients with SPS and stated 
some patients with SPS improve with gluten-free diet [19].

Pain is a common complaint in patients with stiff-person syndrome. In the classic 
form of SPS, rigidity of lumbar and lower thoracic, abdominal, or paraspinal mus-
cles is often associated with lumbar lordosis and deep pain [20]. Paroxysmal local 
pain in the form of muscle spasms is also common in trunk and thigh muscles. Some 
patients with partial SPS and lower limb involvement manifest neuropathic pain 
with a significant burning quality (personal observations).

 BoNT Treatment of Pain in Stiff-Person Syndrome

Davis and Jabbari [21, 22] were the first to report marked improvement of low back 
pain and reduction of paraspinal rigidity in SPS after injection of onabotulinum-
toxinA into paraspinal ad hamstring muscles of a 36-year-old African American 
gentleman who had developed progressive stiffness of the thighs, lower abdominal, 
and back muscles over an 18 month period (Case 17.1). Initially, his problems were 
attributed to lumbar osteoarthritis, and he was treated with non-steroidal, anti- 
inflammatory agents. However, he gradually developed lumbar lordosis and severe, 
painful muscle spasms in the thigh, back, and abdominal muscles. These spasms 
were easily triggered by physical activity. A sister had non-insulin-dependent diabe-
tes and hypothyroidism, but the patient’s past medical history was otherwise nor-
mal. On examination, pertinent physical findings were lumbar lordosis, markedly 
increased tone in the thigh, abdominal, and low back muscles bilaterally, inability to 
change position from supine to standing position unassisted and an awkward, hesi-
tant, and short stepped gait. In addition, he had diffuse hyperhidrosis. An extensive 
laboratory workup including muscle biopsy of the right thigh muscles and cerebro-
spinal fluid values was normal with the exception of electromyography (EMG) and 
the level of anti-GAD antibodies. On EMG, the involved muscles showed continu-
ous motor unit firing at rest in both the agonist and antagonist muscles. Serum GAD 
antibody was positive at a high dilution of 1/122,000, while the CSF anti-GAD level 
was 1/128 (normal values from Mayo clinic are <1/120 and <1/2, respectively). 
Treatment with a combination of baclofen and diazepam partially improved muscle 
rigidity. Patient was injected with 550  units of onabotulinumtoxinA into erector 
spinae and thigh muscles. Erector spinae was injected at the lumbar region, 40 units 
per each of five lumbar level bilaterally (200 units on each side) (Fig. 17.1a). Each 
hamstring muscle received 75 units of the toxin—25 units per each of three sites—
(Fig. 17.1b). Within a week, the patient reported cessation of muscle spasms and 
significant improvement of back and thigh rigidity. A repeat injection, 6 months 

BoNT Treatment of Pain in Stiff-Person Syndrome



362

later, produced similar effects. There were no side effects. In particular, no weak-
ness was noted in the lower limbs, and the patient did not report any problems with 
balance and ambulation.

In 1997, Liguori et al. [23] described the results of the BoNT-A (aboA) injection 
into affected muscles of two patients with stiff-person syndrome. Both patients were 
women with the partial variant (stiff-limb syndrome) of SPS.  Both patients had 
detectable serum anti-GAD antibodies, but the exact level was not mentioned. In 
one patient, a total of 700 units of abobotulinum toxinA (aboA) was injected into 
different muscles of one thigh. The second patient received a total of 1000 units of 
aboA injected into upper limb muscles (deltoid, biceps, brachioradialis). The out-
come for rigidity was assessed blindly at baseline and following injections using the 
Unified Parkinson’s Disease Rating Scale (UPDRS). The spasms were evaluated on 
a scale of 1–5 (5 being 30 or more spasms per day). Treatment with abobotulinum-
toxin A reduced both pain and rigidity for up to 7 months, and repeat injections were 
also successful over a follow-up period of 2 years.

Anagnustou and Zambelis [24] reported the case of a 40-year-old gentleman 
with a history of left leg stiffness for 9 years. The patient gradually developed pain-
ful knee extension spasms. Treatment with diazepam was partially helpful. Serum 
anti-GAD antibody level was 500 units/ml (normal <5/ml). Injection of 900 units of 
abobotulinum toxin A into the left leg muscles (350  units into vastus lateralis, 
350 units into vastus medialis, 200 units into rectus femoris) eliminated the painful 
extension spasms of the leg and reduced the muscle tone (Ashworth scale: 4, before 
injection; 1, 4  weeks after injection). In this patient with stiff-limb syndrome, 

Fig. 17.1 (a, b) (Case 1): SPS with severe bilateral paraspinal rigidity. (a) Sites of injections into 
lumbar erector spinae at five lumbar levels (one side is shown). (b) Injection into hamstring at three 
sites. Drawings courtesy of Shahroo Etemad-Moghadam, DDS
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previous injections of aboA with doses smaller than 900 units had resulted in either 
no or only modest improvement.

A 48-year-old male with SPS who experienced facial and neck muscle spasms 
uncontrolled by polypharmacotherapy—including even intrathecal baclofen pump–
demonstrated significant relief of pain and spasms after bilateral injection of botuli-
num toxin A into the masseter and neck paraspinal muscles [25]. The injected dose 
was 50–75  units into masseters, 75–100  units into trapezius, and 300  units into 
paraspinal neck muscles. Another two brief case reports also reported that intramus-
cular injection of BoNT-A can benefit patients with stiff-person syndrome [26, 27] 
(Table 17.1).

Case 17.1 (Limb Variant of SPS)
A 44-year-old male patient was referred to the Yale Movement Disorder Clinic for 
evaluation of “muscle pain and muscles stiffness.” His symptoms had begun 3 years 
earlier with increased daily fatigue and low motivation for engaging in physical 
activity. He was told by a physician to keep well hydrated and consume potassium- 
rich foods. Subsequently, the patient developed a chronic sensation of “tightness/
stiffness” in his lower limbs and severe episodic cramping of muscles in his thighs, 
calves, toes, and flanks as well as his jaw muscles. Intermittent cramping and pain 
in the jaw muscles made speaking difficult. The more severe episodes lasted 30 min 
but only occurred after physical exertion, about five times per week. The patient 

Table 17.1 Botulinum toxin treatment in stiff-person syndrome—cases reported in English 
language

Authors
Number of 
cases

Type of botulinum 
toxin Muscles injected Dose in units

Davis and Jabbari 
[21]

1 OnabotulinumtoxinA Paraspinal (erector 
spinae)

40–50/lumbar 
level

Liguori et al. [23] Case 1
Case 2

OnabotulinumtoxinA
OnabotulinumtoxinA

Hip adductors
Biceps femoris
Tibialis posterior
Soleus
Trapezius
Deltoid
Biceps brachii

50–100
50–300

Anagnostou and 
Zambelis [24]

1 AbobotolinumtoxinA Vastus lateralis
Vastus medialis
Rectus femoris

100–350

Pakeerappa et al. 
[25]

1 OnabotulinumtoxinA Bilateral masseters
Trapezius
Neck paraspinal 
muscles

50–75
75–100
300

Esplin et al. [26] 1 IncobotulinumtoxinA Biceps brachii
Brachioradialis
Flexor digitorum sf. 
and pf.

Total: 300

Zhang et al. [28] 1 Botulinum toxin A Lower limbs Not 
mentioned
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also reported continuous twitching of his right quadriceps, intermittent twitching of 
his left quadriceps, and bilateral calf muscles. He had also noticed involuntary jerk-
ing of his limbs during the day and night. The patient felt his right thigh has grown 
larger in the last year and had noticed increased hair growth on his right upper thigh 
extending to the gluteus region. Diazepam, 10 mg twice daily and Percocet 325 mg, 
two to three times daily, offered only modest relief of the symptoms.

Neurological examination demonstrated normal cognition, speech, intact cranial 
nerves, and cerebellar and sensory functions. There was increased muscle tone in 
the right thigh (Ashworth score of 3) and lower abdominal muscles. Painful muscle 
twitches could be provoked easily in the right thigh muscles by passive and active 
stretch or pressing the right foot on the floor. The rest of the neurological examina-
tion was normal. Electromyography showed continuous muscle activity at rest in 
the right vastus medialis and rectus femoris muscles (Videotape 16-1). The serum 
anti-GAD antibody level was 3 (normal, <0.5), significantly elevated from 0.07 
obtained a year earlier. Serum levels of glucose; total CK l, HgA1c, and TSH; insu-
lin autoantibody (<5.0); and striatal and acetylcholine receptor antibodies as well as 
the paraneoplastic panel which included anti-amphiphysin antibody were all nor-
mal. Magnetic resonance imaging of the spine showed moderate cervical arthritic 
changes.

The patient was treated with intravenous immunoglobulin (IVIG), 2 gram/kg 
given over a period of 3–5 days at 4 week intervals. This treatment improved the 
muscle rigidity after 3 months, but the effect on painful muscle spasms was modest. 
The patient then received an intramuscular injection of 400 units of botulinum toxin 
A (onaA) into the right thigh muscles. A total of 100 units was injected at two sites 
(50 units/site) into each of the following four muscles: vastus medialis, rectus femo-
ris, vastus lateralis, and hamstring. After 2 weeks, patient reported reduction in fre-
quency and intensity of muscle cramps in the right vastus lateralis and rectus femoris 
muscles. However, the spasms of gastrocnemius muscles responded less favorably.

 Comment

Since the original description of SPS (initially called stiff-man syndrome) [6], the 
clinical spectrum of SPS has been expanded to include several atypical variants [28, 
29]. Although increased anti-GAD antibodies are considered a hallmark of SPS, the 
antibody spectrum associated with SPS has also been broadened to include antibod-
ies against dipeptidyl-peptidase-like protein-6 (DPPX), gamma-aminobutyric acid 
type A receptor (GABAAR), glycine receptor (GlyR), and glycine transporter 2 
(GlyT2) [30].

Pain is a major symptom in many patients with SPS. The observations listed 
above demonstrate that both onaA and aboA injections into rigid and painful mus-
cles can alleviate pain in patients with SPS and improve patients’ quality of life. An 
important caveat of BoNT treatment in SPS is sufficiency of the injected dose. The 
involved muscles are large muscles, and therefore, it is easy to underestimate the 
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required dose for the patient. For patients with bilateral low back rigid muscles, I 
recommend a total dose of 400 units of onA. This can be given at five lumbar levels 
into erector spinae, 40 units/level for a total of 200 units on each side. A comparable 
dose of aboA would be roughly 500 units for each side (using 1:2.5 ratio between 
ona and abo toxins). The recommended dose for stiff-limb muscles is shown in 
Table 17.2. It is important to remember that BoNT treatment is only for symptom-
atic relief and not a substitute for modulation of the immune system, which is often 
needed in these patients. Verification of efficacy of BoNT treatment in SPS requires 
data from randomized, placebo-controlled studies. Such studies are difficult to per-
form in a sizable cohort of patients with SPS due to the rarity of this disorder (1–2/
million population) [31].

Pain improvement after injection of BoNTs in SPS most likely involves different 
mechanisms including relaxation of tight muscles due to blocking of acetylcholine 
release and via peripheral as well as central analgesic effects of botulinum neuro-
toxins through its inhibiting effects upon pain transmitters [32–54].

 The Syndrome of Painful Legs-Moving Toes

This syndrome was first described by Spillane et al. [55] in 1971 in six patients who 
presented with involuntary toe or foot movements associated with pain in the toes, 
feet, or leg. The pain often preceded the involuntary movements and has been 
described as aching, burning, jabbing, or throbbing. Involuntary movements were 
often slow and writhing with a flexion–extension of the toes or foot. Subsequently, 
a number of less common variants of this syndrome were described and designated 
as painful hand-moving fingers, painless moving toes, and painless moving fingers. 
The movements in PLMT can start in one limb and gradually progress to the other 
limb or move from a lower limb to the upper limb [56, 57]. The syndrome is rare 
with only 14 cases observed among 4780 patients referred to Mayo Clinic for evalu-
ation of movement disorders over a 10-year period [58].

Nathan [59] and Schott [60] proposed that PLMT results from injury to the 
peripheral nervous system (nerves, plexus, roots), citing several examples of this 

Table 17.2 Author’s recommended dose of onabotulinumtoxinA for severe limb rigidity in stiff- 
person syndrome

Muscles of upper 
limb

Botulinum toxin dose-in 
units

Muscles of lower 
limb

Botulinum toxin dose-in 
units

Biceps brachii 50–150 Hamstring 100–200
Triceps brachii 50–150 Rectus femoris 100–200
Brachioradialis 50–100 Gastrocnemius 100–200
Deltoideus 50–100 Soleus 50–100
Trapezius 150–200 Tibialis posterior 50–150
Levator scapulae 50–100 Tibialis anterior 50–150
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association. Support for this view has emerged from cases of cervical and lumbar 
spine disease that have improved after surgical intervention. Miyakawa et al. [61] 
reported a patient with painful arm-moving fingers with cervical spondylosis at 
C5-C6 level in whom foraminectomy stopped both the finger movements and the 
arm pain. Their second patient had developed leg pain and toe movements (PLMT) 
2 weeks after L5-S1 discectomy. The pain and movements disappeared after lumbar 
nerve blocks. Others have also reported various levels of pain relief following lum-
bar epidural block or spinal cord stimulation [62, 63].

In the largest series of patients reported to date with this syndrome, Dressler 
et al. [64] noted a variable age of onset in adults (youngest, 28 years of age) and a 
predominance among women (14 out of 20). Also, a majority of their patients had 
peripheral nervous system injury. Due to bilateral symptom distribution in some 
patients, the authors proposed the existence of a central generator for the move-
ments which presumably develops following a cascade of events after the peripheral 
injury. Presence of a “central oscillator” above the spinal cord level has been 
strongly suggested from transcortical magnetic stimulation of the left motor cortex 
which has demonstrated failure of cortical facilitation in a patient with bilateral 
finger movements and painful hands. A detailed electrophysiological assessment of 
this case showed no abnormality of spinal inhibitory mechanisms [65]. In another 
patient with bilateral finger movements, presence of out of phase discharges in the 
involved hand muscles suggested existence of two independent central generators 
[56]. In a recent study, single-photon emission computed tomography (SPECT) of 
the brain demonstrated hyperperfusion of the anterior cingulate gyrus, as well as 
primary and secondary sensory cortices considered to be parts of the brain’s pain 
matrix in PLMT syndrome [66].

In the series reported from Mayo Clinic, 11 of 14 patients also had electrophysi-
ological evidence of peripheral nervous system dysfunction and were affected by a 
variety of neuropathies caused by diabetes, vitamin deficiencies, lupus, and Sjogren 
syndrome [58]. In most affected patients, electromyography (EMG) demonstrated 
rhythmic, 1–3 HZ discharges with duration of each discharge ranging from 0.5 to 
2  seconds. In several patients, the pattern of EMG discharge resembled that of 
myokymia.

Treatment of patients with PLMT is challenging and was called “notoriously dif-
ficult” by Dressler et al. [64]. In the Mayo Clinic series that was published 12 years 
later, Alvarez et al. [58] treated most patients with gabapentin and pregabalin and 
reported partial pain relief. Low dose clonazepam and dopaminergic therapy have 
helped some patients [67, 68]. Recalcitrant pain in PLMT may require treatment 
with opioids. In an extensive review, Reich described in detail clinical and therapeu-
tic options for painful legs-moving toes syndrome [69].
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 BoNT Treatment of Painful Legs-Moving Toes 
(PLMT) Syndrome

Small case series and individual case reports suggest efficacy of botulinum toxin 
injection in alleviating the symptoms (including pain) of PLMT. In collaboration 
with Dr.Carlos Singer’s group at the University of Miami, we described significant 
reduction of pain and movements in two patients with PLMT syndrome after injec-
tion of onaA into the affected muscles [57]. One of the patients, a 62-year-old gen-
tleman, complained of low back pain for a year followed by development of pain in 
both calves and feet associated with involuntary flexion–extension of the toes bilat-
erally. OnabotulinumtoxinA was injected into the following muscles bilaterally: 
gastrocnemius (50 units, each side), flexor digitorum brevis (45 units, each side), 
and lower lumbar paraspinal muscles (60 units on each side). The second patient, a 
72-year-old female, also had bilateral PLMT with irregular toe movements and pain 
in the feet. Injection of 25 units of onaA into flexor digitorum brevis of each foot 
relieved pain and slowed down the movements.

Schoffer [70] described a 17-year-old boy who developed burning sensation and 
cramps in the calf and writhing involuntary movements of the fourth and fifth toes 
a year after a hamstring injury. Injection of 20 units of onabotulinumtoxinA into the 
abductor digiti minimi and 10 units into flexor digiti minimi eliminated the move-
ments and the calf pain.

Rodriguez and Fernandez [71] described a 43-year-old man who developed 
adduction-abduction movements of the right big toe and, to a lesser extent, other 
toes with significant foot and lower leg pain. Injection of onabotulinumtoxinA 
(onaA) under electromyographic guidance into the foot muscles stopped the move-
ments and significantly reduced the pain intensity. The dose was as follows: 25 units 
in the flexor hallucis brevis, 25 units in adductor hallucis, and 50 units in the flexor 
digitorum brevis. A long-term follow-up of 3 years showed continued efficacy of 
treatment with onaA injections every 3 months.

Bosco et al. [72] described a 56-year-old man with a history of frequent move-
ments of the right toes and pain (pulling/burning) radiating from the toes to the 
anterolateral part of the leg and thigh. Treatments with pregabaline, clonazepam, 
duloxetine, and trazodone did not alleviate the pain. Injection of incobotulinum-
toxinA (Zeomin) into foot muscles (Fig. 17.2) resulted in complete suppression of 
the movements and remarkable pain relief (pre-injection VAS:8/10, post- 
injection 0/10).

 Comment

Painful leg-moving toes syndrome is a rare disorder but can be a cause of significant 
pain and discomfort for the patients. The observations cited above suggest the effi-
cacy of local injections of BoNT-A (Botox or Xeomin) in management of the pain 
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and movements in patients with this syndrome. The mechanism of pain relief in 
PLMT, as described earlier for SPS, probably involves both suppression of muscle 
spasms via inhibition of acetylcholine release from neuromuscular junction and 
direct inhibitory effect of BoNTs upon pain transmitters at peripheral and central 
levels. The technique of injection needs to be individualized according to the 
patient’s symptomatology. With experience, refinement of injection techniques can 
lead to better results.

 Camptocormia

Camptocormia is an abnormality of posture characterized by marked thoraco- 
lumbar flexion which manifests during standing and walking and abates in the posi-
tion of repose. A forward flexion of greater than 45° with resolution upon assuming 
a supine posture is considered diagnostic for camptocormia. The word camptocor-
mia is derived from two Greek words kamptos, which means bent forward, and 
kormos, meaning torso. In medicine, the term camptocormia was coined in 1915 to 
describe the posture in shell-shocked soldiers who fought in trenches during World 
War I [73]. The author had suspected a psychogenic cause for war-related campto-
cormia. However, almost a century earlier, another neurologist had used the term 
“bent spine” to describe the posture of a Spanish painter in 1818 [74]. It is now clear 
that most cases of camptocormia are not psychogenic and camptocormia can be 

Fig. 17.2 Effective dose of incobotulinumtoxinA(Xeomin) and injected muscles, in a patient with 
PLMT- From Bosco et al. J Neurology 2020 [72]. Reproduced with permission from the publisher 
(Springer)
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caused by a large number of pathologic conditions [75–77]. Typical camptocormia 
is usually seen in association with neurodegenerative disorders, especially 
Parkinson’s disease (PD), and multiple system atrophy (MSA) [78–81], myopathies 
of posterior trunk muscles and spine disease. Other common causes include drug- 
induced camptocormia, spine and disc disease, and even certain neuropathies. Acute 
camptocormia has been described also as a manifestation of tetanus [82]. 
Camptocormia associated with Parkinson’s disease or multiple system atrophy 
seems to be related to basal ganglia dysfunction, a view which is supported by sig-
nificant improvement of camptocormia in some patients after bilateral pallidal or 
bilateral subthalamic deep brain stimulation [83, 84]. Margraf et al. [85], however, 
hold the view that camptocormia in PD is a myopathy of paraspinal muscles. In 
their study of 15 patients with PD and camptocormia, both electromyography and 
muscle biopsy demonstrated a pattern of myopathy. Camptocormia has been 
described in patients affected by genetic abnormalities such as mutation of POLG 
gene that encodes the catalytic subunit of DNA polymerase gamma and is respon-
sible for replication of the mitochondrial genome [86]. Camptocormia has also been 
reported in a case of biopsy-proven inclusion body myositis (proved by biopsy) as 
an isolated symptom [87].

Treatment of camptocormia is difficult. Pharmacological treatment is not usually 
effective. Anecdotal reports indicate that some patients may respond to dopaminer-
gic drugs [85, 88]. Improvement of camptocormia has been reported after transcra-
nial magnetic stimulation, but the effect is transient [89]. A recent report on 17 
patients with camptocormia and deep brain stimulation of globus pallidus resulted 
in significant improvement of symptoms in close to two thirds of the patients [90]. 
Most patients with camptocormia complain of intermittent back pain. Some patients 
demonstrate painful contractions of abdominal muscles. In some patients, pain can 
be the major complaint [91, 92]. In such patients, the treatment should aim to 
improve both posture and pain.

 BoNT Treatment of Camptocormia

In recent years, several medical groups have reported on the effects of BoNT injec-
tions into abdominal and ileopsoas muscles of patients with camptocormia. Azher and 
Jankovic [77] treated nine patients with camptocormia with onabotulinumtoxinA 
injections into rectus abdominis muscles. The patients had clinical evidence of con-
tractions of rectus abdominis muscles. The injected dose per session was 
300–600 units. Four of nine patients demonstrated notable improvement of their 
posture. In another study [93], the authors investigated the effect of botulinum toxin 
injection in a 66-year-old patient with camptocormia and painful abdominal wall 
contractions. Injection of 200 units of onabotulinumtoxinA into each rectus abdom-
inis and each external abdominal oblique muscle resulted in marked improvement 
of posture and reduction of painful muscle contractions.

BoNT Treatment of Camptocormia
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In contrast, van Coelln et  al. [94] reported no improvement of camptocormia 
after BoNT injection in four patients with PD and MSA. Abobotulinum toxinA was 
injected, 500 units per side, into the deep ileopsoas muscle under ultrasound guid-
ance. Injections were repeated every 4–6 months with escalating doses of 1000 and 
1500  units per side. Patients’ posture was monitored at baseline and every 
4–6 months, and none of the four patients showed any improvement. In two other 
patients, ultrasound-guided injection of onabotulinumtoxinA, 100  units per each 
ileopsoas, also failed to improve camptocormia [95] (Colosimo and Salvatori 2009). 
Fietzek et al. [95] also injected BoNT-A (IncoA), 100–300 units into either ilio-
psoas or rectus abdominis muscles of ten patients with camptocormia. Six patients 
chose improvement of posture while four chose alleviation of pain as a desired 
outcome. At 3 weeks, no improvements were reported in either posture or pain.

 Comment

Botulinum toxin treatment of camptocormia requires significant familiarity with the 
anatomy of abdominal muscles and expertise in electromyography. The literature on 
the effect of BoNT injection in camptocormia is controversial. Negative results are 
mostly reported when injections are primarily aimed into ileopsoas muscle. 
According to Dr. Jankovic at Baylor Medical College, the best results with BoNT 
therapy in camptocormia can be achieved in the dystonic form of this disorder and 
with combined injection of rectus abdominis and external oblique muscles [96]. I 
agree with this observation. In my experience with onabotulinumtoxinA in six 
patients with camptocormia, three demonstrated notable improvement with a tech-
nique which combines injection of both rectus abdominis and oblique abdominal 
muscles (Fig. 17.3). In one of these three patients who had painful camptocormia, 
onaA injections also significantly alleviated his pain (pre-injection VAS level of 7 
was lowered to VAS level 2). In this patient, each rectus abdominis was injected 
with 200 units of onaA, and each abdominal external oblique muscle was injected 
with 150 units of onaA for a total of 700 units per session. No side effects were 
noted. Higher doses are recommended in cases of recalcitrant camptocormia by 
experts in BoNT therapy [96]. Despite the controversial literature, careful selection 
of muscles and sufficient dose of BoNT may produce quite satisfactory results in 
camptocormia [97].

 Nontraumatic Central Pain

Reports of botulinum toxin therapy for management of central pain are scarce in the 
literature. The author first reported effectiveness of BoNT injections in improve-
ment of central pain resulting from intramedullary pathology in two patients [98].
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 Case 1

A 55-year-old female asked for medical help for severe burning pain in both arms 
from elbow down to the wrist. On examination, the patient showed marked sensitiv-
ity to touch in T1 dermatomes bilaterally (Fig. 17.4). The symptoms began 7 years 
ago and intensified gradually over years. Six year ago, a computed tomography scan 
(CT) demonstrated an intramedullary lesion that, on surgical exploration, proved to 
be a intramedullary angioma. Partial resection of the lesion did not improve patient’s 
pain. Treatment with a variety of analgesic medications including opioids was not 
helpful. On each side, the T1 dermatome was injected at 20 points subcutaneously, 
each receiving 5 units (100 units/side). After 1 week, the patient reported marked 
improvement of spontaneous pain and skin sensitivity. Over 3 years of follow-up, 
she chose to receive onaA injections every 4 months.

Fig. 17.3 Injection sites into rectus abdominis and external oblique in camptocormia (author’s 
method). Drawing courtesy of Damoun Safarpour, M.D.

Case 1
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 Case 2

A 33-year-old female suffered from 7 days of left-sided neck and head pain, nausea, 
vertigo, and right-sided weakness. An MRI demonstrated infarction of the three 
upper segments of spinal cord up to lower medulla. An angiogram disclosed severe 
spasm of the right vertebral artery. Over the following weeks, the patients developed 
exquisite skin sensitivity over the right posterior neck and right shoulder lesions. 
Touching the area brought tear to her eyes. The patient had suffered from severe 
bouts of migraine since age 19. As analgesic medications failed to improve her con-
dition, she visited the Neurology Clinic at Walter Reed Army Medical Center and 
asked for help. Subcutaneous injection of onabotulinumtoxinA (5 units at 16 points) 
over the posterior neck and shoulder region improved pain and discomfort to her 
satisfaction. Every 3 months, injection of the same dose of onaA proved to be effec-
tive relieving her discomfort.

Park et  al. [99] recently reviewed the pathophysiology of central neuropathic 
pain and presented the limited literature in this area in an informative table.

Fig. 17.4 Case 1. Areas of 
exquisite skin sensitivity to 
touch marked by red color 
(T1 dermatomes)
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Chapter 18
Botulinum Toxins for Treatment 
of Cancer-Related and End of Life Pain

 Introduction

Patients affected by cancer often experience pain through different mechanisms. A 
cancerous tissue, primary or metastatic, can cause pain due to direct pressure over 
the adjacent structures. Pain can occur at the site of cancer resection (post-surgical) 
or as local pain at the site of radiation. Chemotherapy for cancer often damages 
peripheral nerves and causes painful peripheral neuropathy.

In a comprehensive review of this subject, Glare et al. [1] found that post- surgical 
pain is a common complaint in several cancers. The incidence of pain is cited as 
25–60% after thoracotomy, 50% after mastectomy, 39% after axillary node dissec-
tion, 13–25% as phantom breast pain, 38% in female cervical cancer, and 42% after 
radical neck dissection [2–9]. In one review 55% of the patients with metastatic 
cancer suffered from chronic pain [10]. Others have reported that approximately 
25% of patients who undergo radiation or surgery for cancer develop pain at/or 
close to the area of local radiation or surgery [11, 12]. List and Bilir [13] observed 
post-radiation pain in 15–30% of their patients with head and neck cancer which 
they attributed to the development of fibrosis, scar, and keloid tissue.

In general, 5–10% of cancer survivors suffer from chronic severe pain that 
impairs their quality of life and interferes with their daily functions [1]. Advanced 
cancer is associated with severe pain in 70–80% of patients [14]. The prevalence of 
severe pain in advanced cancer, however, is similar to that of other chronic and 
advanced medical disorders [15]. For instance, the estimated prevalence of pain in 
chronic heart disease and chronic obstructive pulmonary disease has been reported 
as 44–77% and 34–77%, respectively [16, 17].

Palliative treatment of cancer-related pain is often difficult since side effects of 
analgesic medications are poorly tolerated by debilitated patients. For local pain 
after surgery and radiotherapy or painful neuropathy resulting from chemotherapy, 
topical application of trolamine, calendula officinalis, hyaluronic acid, and 
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lidocaine patch may provide transient relief [18–20]. However, sustained relief is 
uncommon and was noted in only 25% of patients who applied lidocaine patch to 
the allodynic region [21]. For painful neuropathy induced by chemotherapy, the first 
line of treatment drugs consists of tricyclic antidepressants, pregabalin, gabapentin, 
and selective serotonin norepinephrine reuptake inhibitors followed by lidocaine 
patches and capsaicin, high-concentration, patches. Treatment with cannabinoid 
ointments is currently being studied, but the early results are inconclusive [22].

For severe and sustained pain, opioid analgesics are recognized as the leading 
source of pharmacotherapy [23]. Although effective in relieving cancer-related 
pain, chronic opioid use is complicated by undesirable side effects such as nausea, 
somnolence, and constipation, each noted in more than 20% of the patients [24]. 
Furthermore, chronic use promotes opioid abuse and addiction. The opioid crisis 
that began around 1990 reached pandemic proportions in 2017, claiming 91 lives 
per day in the United States (Department Human and Health Services statement).

Considering the serious issues inherent in opioid use, in recent years, pain spe-
cialists have focused on investigation of the analgesic effects of cannabinoids in 
cancer pain. Animal studies in well-designed models of pain support the analgesic 
effect of cannabinoids [25, 26]. In human, however, data from cannabinoid use in 
cancer pain is not yet convincing. A recent review and meta-analysis of 36 clinical 
trials with cannabinoids in different human pain disorders (including cancer pain) 
has judged all studies to be as low or very low quality and tinted by high degrees of 
bias [27]. The recent (2021) report of the International Society of Pain Presidential 
Task Force outlines the gaps of knowledge in this area of medical therapeutic and 
defines key areas where high-quality clinical trials with cannabinoids are needed in 
pain medicine [28]. In a recently reported (2021) Danish survey [29], the report 
showed that 13% of the cancer patients used cannabis. Among users, 83% reported 
a satisfactory response. Cannabis was used mainly for pain relief, improvement of 
nausea after chemotherapy, and for regulating sleep. In a recently reported US sur-
vey (2021), however, the percent of cancer patients with cannabis use was lower 
(8%), even lower than the general population [30].

 Botulinum Neurotoxin Therapy for Post-surgical/
Post- radiation Pain in Cancer Patients

In animal models of pain, botulinum neurotoxins (BoNTs) have shown efficacy in 
relieving pain via different mechanisms. Both types A and B toxin can reduce effect 
of pain transmitters such as glutamate, calcitonin gene-related peptide, and sub-
stance P after intramuscular or subcutaneous/intradermal injection. These analgesic 
effects of the BoNTs are exerted upon the peripheral nerve terminals as well as the 
central sensory neurons. Moreover, BoNT-A blocks the function of sodium chan-
nels that are essential for transmission of the nociceptive signals to the central ner-
vous system. BoNTs suppress the discharge of intrafusal muscle fibers after 
intramuscular injection, an action that by reducing the intrafusal input to the spinal 
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cord can reduce central sensitization [31–50]. In chronic pain, the peripheral sensi-
tization of nerve terminals or peripheral neurons gradually increases the sensitivity 
of central neurons leading to central sensitization that further increases the intensity 
of perceived pain [51].

The literature on the effect of botulinum toxin injection upon cancer pain is lim-
ited to two double-blind, placebo-controlled studies and a few open-label prospec-
tive and retrospective observations (Table 18.1). In addition, several case reports 
have described the positive effect of botulinum toxin therapy upon pain related to 
cancer and chemotherapy and post-surgical pain. Several case reports representing 
my own experience with botulinum toxin therapy for cancer-related pain are also 
presented in this chapter.

 Double-Blind, Placebo-Controlled Studies (Table 18.1: 
[59–61])

In 2018 and 2020, De Groef et al. published the results of two double-blind, placebo- 
controlled studies [59, 60] investigating the effect of onaA (Botox) injections into 
pectoralis muscle of patients with breast cancer. Patients had local chest pain either 
after radiation and surgery or after chemotherapy. Fifty patients were included in 
each study. In the toxin group, each patient received a single injection of 100 units 
into the pectoralis major. The placebo group perceived the same volume of saline 
into the same muscle. The patient’s pain response to BoNT therapy was assessed by 
VAS (0–10 scale) at three months post-injection. There was no significant improve-
ment of pain or function in either study group after BoNT-A injections.

Niak et al. [61] conducted a blinded and controlled study on 18 patients with 
painful leiomyomas. The authors injected 5 units of botulinum toxin A (Botox) into 
the painful lesions and compared the toxin effect with saline injections. Patients’ 
pain was evaluated by VAS and brief pain inventory, and the change in quality of life 
was assessed by Dermatology Life Quality Index (DLQI). The primary outcome 
measure was the difference in average regional pain before and after ice provocation 
over a 4-week period. The authors found significant improvement in patients’ qual-
ity of life (P = 0.007) among patients who had received BoNT injections. Those 
patients who had received BoNT-A injection also demonstrated improvement of 
their pain compared to those who had received saline injections, but the difference 
did not reach statistical significance (P = 0.06).

 Retrospective Studies

In a study by Van Daele et al. [52], injection of onabotulinumtoxinA into the tight 
and painful sternocleidomastoid muscle relieved the pain and tightness in four of six 
patients. All patients had received radiotherapy for head and neck cancer. The 
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injected dose was 20–25 units administered at one or two points into the sternoclei-
domastoid muscle.

Stubblefield et al. [55] also found BoNT-A injection helpful in relieving focal 
pain caused by radiation fibrosis. In this retrospective study of 23 patients, 30% had 
painful trismus, and 43% had trigeminal and cervical plexus neuralgia.

Voung et al. [62] studied the effect of BoNT injection into the rectal wall imme-
diately after high dose-rate-endorectal brachytherapy (HDREBT) in 15 patients 
with prostatic cancer. The patients who received 100 units of onaA into the rectal 
wall had a lower incidence of acute radiation prostatitis with significant reduction of 
bowel frequency and urgency (P < 0.05) and lesser degrees of pain (P = 0.07).

In another study [57] of nine patients with post-surgical contracture of sterno-
cleidomastoid or pectoralis major muscle related to head and neck cancer, patients 
expressed pain relief after administration of aboA into sternocleidomastoid muscle 
(100–400 units) or the pectoralis muscle flap (125–200 units) with no side effects. 
Injections were administered at four to five locations into the sternocleidomastoid 
muscle or into the pectoralis muscle flap.

Mittal et al. [56] studied the results of onaA (Botox) injections into the neck and 
jaw muscles in seven patients with head and neck cancers. Patients had local pain 
after surgery or radiation. The dose of injected toxin varied from 20 to 100 units 
depending on the location of pain and the extent of the painful area. All seven 
patients experienced significant improvement in pain (an average drop of 5.1 points 
in VAS). In six of seven patients, pain relief was associated with improvement of 
quality of life. Five patients rated their improvement as very satisfactory in the 
Patient’s Global Impression of Change (PGIC).

 Prospective Studies

Wittekindt et al. [53] examined the efficacy of BoNT-A (type not specified) in 23 
patients who reported neuropathic pain in the neck and shoulder following neck 
dissection surgery for squamous cell carcinoma of upper “aero-digestive tract.” 
BoNT-A was diluted with 1 or 2 cc of preservative-free saline before administration. 
Patients were divided into low dose (80–120 units) and high dose (160–240 units) 
groups. Patients and physicians were blinded to the dose of injections. Injections 
were performed in two to eight locations subcutaneously into targeted neck and 
shoulder regions. Patients’ response to BoNT injection was measured by visual ana-
log scale (VAS) at baseline prior to injections and at day 28 after injections. The 
mean baseline pain was 4.3 on VAS (0–10) scale. The quality of life was evaluated 
by a questionnaire from the European Organization for Research and Treatment of 
Cancer (EORTC), specifically prepared for head and neck cancers, at the same time 
frames. On day 28, mean VAS score for the low dose group changed from 4.3 to 3.6 
(P < 0.05); the high dose group improved also, but the change was not statistically 
significant. Furthermore, the low dose group also showed a trend for improvement 
in quality of life that was not observed in the high dose group.
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In another prospective study [54], the efficacy of onabotulinumtoxinA (OnaA) 
and abobotulinum toxinA (AboA) was assessed in 19 patients with nasopharyngeal 
and oropharyngeal cancer who developed severe spasm of masseter muscles and 
trismus, on the average, 5.6 years after radiotherapy for cancer. Eleven patients had 
received chemotherapy in addition to radiation. The location of cancers was in the 
nasopharynx (n = 3), oropharynx (n = 9), oral cavity (n = 2), oral cavity and naso-
pharynx (n = 1), larynx (n = 3), and parotid gland (n = 1). Each masseter muscle was 
injected at two points, either with onaA (50 units) or aboA (250 units). At 4 weeks 
post-injection, pain, spasms, and functional score (measured in a 20-subset ques-
tionnaire) all improved significantly compared to baseline (P = 0.002, P = 0.004, 
and P = 0.04, respectively). No difference was noted between onaA and AboA.

Rostami et  al. [58] prospectively studied the effect of incobotulinumtoxinA 
(inco-A- Xeomin) on 12 patients who had developed moderate to severe focal pain 
(VAS > 5) at the site of cancer resection or cancer radiation. Patients had breast or 
head and neck cancer. All patients had failed at least two analgesic medications. 
Efficacy of treatment was measured by VAS, Patient’s Global Impression of Change 
(PGIC), and Quality of Life Scale for pain at 4, 6, 8, 10, and 12 weeks post- injection. 
The primary outcome was two grades or more improvement in VAS and patient’s 
level of satisfaction expressed in PGIC at 4 weeks. The secondary outcome was 
improvement of quality of life at 6 weeks. Patients were injected with up to 100 
units of incobotulinumtoxin A (IncoA) intramuscularly or subcutaneously depend-
ing on the type and location of their pain. Two patients passed away during the 
course of the study, one dropped out due to a skin reaction, and another patient 
could not return for the follow-up due to his poor general condition. All of the eight 
remaining subjects (age 31–70, four female) demonstrated significant improvement 
of their pain assessed by visual analog scale (VAS) (3–9 degrees reduction, average 
3.9 degrees). In Patient’s Global Impression of Change scale (PGIC), seven out of 
eight patients reported their pain as “much improved.” Three of the eight patients 
reported significant improvement of their quality of life. None of the patients 
reported any serious side effect.

In addition to abovementioned case series and double-blind, placebo-controlled 
studies, several case reports have described a positive effect with botulinum toxin 
injections in relief of pain in patients with cancer. Two of these reports are pre-
sented below:

 1. Rectal Pain and Radiation-Induced Proctitis [63]: A 75-year-old man with his-
tory of rectal cancer and severe radiation-induced proctitis developed severe rec-
tal pain and a large noncancerous rectal ulcer after local resection and radiation. 
Injection of 100 units of onaA into the rectal wall, all around the sphincter, 
reduced the pain dramatically. After 48 hours, the analgesic drug delivery system 
could be removed. Months later, endoscopic examination disclosed reduction in 
size of the recto-sigmoidal ulcer. The preexisting rectal incontinence worsened 
after onaA injection but recovered in 4 days.

 2. Painful Raynaud Syndrome Due to Chemotherapy [64]: A 56-year-old female 
with non-small cell lung cancer (NSCLC) developed Raynaud’s syndrome fol-
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lowing chemotherapy with bevacizumab and pemetrexed. She had progressive 
discoloration and pain at her fingertips that progressed to ischemia and dry gan-
grene. Medical management was not helpful, and the patient was in danger of 
losing her fingers. To relieve severe pain, she was injected with a total of 90 units 
of onaA intradermally in nine sites (10 units per site) into palm of the hand and 
wrist (Fig.  18.1). Over the next 5–7 days, the patient reported significant 
improvement of her pain associated with visible improvement of temperature 
and color of the digits. Over the next 18 months before she succumbed to the 
disease, she reported high satisfaction with onaA injections.

The following cases are presented from the author’s experience with BoNT ther-
apy for post-radiation/post-surgical pain in cancer patients.

Fig. 18.1 The site of 
BoNT-A injections in the 
patient with chemotherapy- 
induced Raynaud 
syndrome [64]. 
(Reproduced under 
creative commons 
attribution license. 
Courtesy of Cureus 
publishing)
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 Case 1: Carcinoma of the Base of the Tongue Associated 
with Painful Upper Neck Spasms and Burning Pain Interfering 
with Speaking and Swallowing

A 47-year-old, right-handed male was referred to the Yale Neurotoxin Treatment 
Clinic for evaluation of right upper neck pain and difficulty in swallowing and 
speaking of 5 years duration. Six years ago, he was found to have a tumor at the base 
of his tongue with cervical lymphadenopathy on the right side. He underwent resec-
tion of the tumor with removal of lymph nodes and neck muscles on the right side. 
The tumor was a squamous cell carcinoma. Shortly after resection, he received 
radiotherapy to the base of the tongue and right side of the neck. A few months later, 
he experienced tingling and pulling of the base of the tongue which gradually 
evolved into painful spasms and burning sensation below the angle of the right jaw 
interfering with speaking and eating. Treatment with a variety of analgesic drugs 
was only minimally helpful. The patient’s general medical and neurological exami-
nations were normal except for loss of muscles on the right side of the neck and 
mild weakness of the tongue. A vertical surgical scar was visible on the right side of 
the neck extending from the lower neck to the lower edge of the mandible. Several 
areas of induration and keloid formation were present, the hardest and most painful 
being located anterior and slightly below the angle of the right jaw (Fig. 18.2).

Twenty units of onabotulinumtoxinA were injected into each of the three areas of 
indurated scar tissue on the right side of the neck (Fig. 18.2). The dilution was 100 
units/cc of normal saline. A ¾ inch long, 27.5 gauge needle was used for injections. 
After a week, the patient reported total cessation of muscle spasms and burning pain 
as well as marked improvement of his swallowing and speech. He reported no side 
effects. The pain and discomfort returned after six months. Over the next 7 years, the 
patient continued to receive onaA injections into the same cervical regions, with a 
slightly higher dose of onaA (30, 30, and 20 units) over the last four years. The injec-
tions, employed at six-month intervals, remained efficacious over 7 years of follow-up.

 Case 2: Intense Left Cervical Pain Following Laryngectomy 
and Neck Dissections for Squamous Cell Carcinoma 
of the Piriform Sinus

A 48-year-old male underwent laser supraglottic laryngectomy with bilateral neck 
dissections for squamous cell carcinoma of the left piriform sinus. This was fol-
lowed by courses of chemotherapy and radiation. Two years later, the patient devel-
oped intense left cervical pain and left shoulder pain beginning with spasms of the 
left sternocleidomastoid (SCM) muscle. The pain was described as deep and aching 
but at times sharp and jabbing. A variety of medications including fentanyl (25 
mcg/h) patch and hydromorphone (2 mg tablets), given as needed, provided no sig-
nificant pain relief. He was then injected with a total dose of 200 units of 
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onabotulinumtoxinA into the left sternocleidomastoid, left trapezius, left splenius, 
and left levator scapulae muscles at several points, 15–20 units per site (Fig. 18.3). 
After a week, he reported marked reduction of pain (VAS score dropped from 8 to 
1); on PGIC, he expressed the outcome as “very satisfactory.” The response contin-
ued over a period of 3 years with repeat injections performed every 4 months. The 
patient did not report any side effects.

 Case 3: Severe Spasms of Masseter Muscles 6 Months After 
Resection and Radiation of a Left Tonsillar Cancer

A 54-year-old male with a history of left-sided tonsillar cancer had undergone sur-
gical resection and radiation therapy. Six months later, he noted painful spasm of the 
right masseter and pain during eating or jaw opening. This eventually spread to the 

Fig. 18.2 (Case 1): Focal pain and spasms on the right side of the neck after resection of carci-
noma of the base of the tongue. Sites of injections (x) into indurated muscle and scar tissue. 
(Drawing courtesy of Damoun Safarour, M.D.)

18 Botulinum Toxins for Treatment of Cancer-Related and End of Life Pain



389

left masseter and to the upper neck regions. The pain became excruciating during 
jaw opening, eating, and chewing. Baclofen, 20 mg daily, combined with a variety 
of analgesics offered little help. At Yale Botulinum Neurotoxin Clinic, he was 
injected with onaA into the masseter muscles bilaterally.

Each masseter received 60 units of onaA, injected into two sites (30unit per site). 
The total dose for both masseters was 120 units. The patient reported significant 
reduction of his pain after 10 days. The pain intensity score of 9 in VAS recorded at 
baseline changed to 1 at 4 weeks. He reported no side effects and, using the PGIC 
scale, reported pain relief after treatment as “very satisfactory.” The pain returned, 
though less intense, after three months. Repeat injections every three months there-
after had the same beneficial effect. Over a six-year follow-up, he continued 
responding to BoNT injections every 3–4 months. For the last two years of his fol-
low- up, the dose of the toxin was reduced to 50 units per masseter.

 Comments

Botulinum neurotoxins influence the pain system through both peripheral and cen-
tral mechanisms. Animal studies have shown that the analgesic effect of the toxin 
results, for the most part, from reducing production or action of several known pain 

Fig. 18.3 (Case 2): Intense left cervical pain after radical neck dissection (squamous cell carci-
noma of the pyriform sinus). Sites of BoNT injections (x). (Drawing courtesy of Damoun 
Safarpour, M.D.)
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transmitters such a calcitonin gene-related peptide (CGRP), substance P, and gluta-
mate [32–50]. These analgesic effects of BoNTs have been shown also in several 
human clinical pain syndromes such as chronic migraine, trigeminal, post- herpetic, 
and post-traumatic trigeminal neuralgias as well as pain of diabetic neuropathy 
[65–74].

In head and neck cancer, the results of BoNT injections on a total of 79 patients 
(from multiple studies) were uniformly positive, albeit no blinded studies are yet 
available (Table 18.1). This agrees with the author’ s experience with BoNT therapy 
in 20 patients with head and neck cancer. In these patients, injections are done either 
into the neck muscles or around neck scars or into masseter muscles. In my view, 
the analgesic effect of the toxin for this indication is both due to relaxation of indu-
rated muscles (especially in the neck) as well as the effect of the toxin upon periph-
eral nerve terminals and its inhibitory act on pain transmitters.

The effect of BoNTs on pain after mastectomy and/or post-mastectomy radiation 
remains controversial. Few patients in open trials [56, 58] described pain relief after 
BoNT injections. Two double-blind, placebo-controlled studies, however, found no 
statistically significant difference between toxin and placebo injections [59, 60]. For 
this indication (as in other indications of BoNT therapy), technical issues may influ-
ence the results. In these two negative studies [59, 60], the patients received a single 
injection of the toxin into the pectoralis muscle. However, in post-mastectomy 
expander reconstruction studies, significant pain relief resulted from multiple site 
injection of BoNTs into the pectoralis [75, 76].

As the number of cancer survivors are increasing with introduction of new anti-
cancer drugs and earlier treatment, cancer-related pain remains an important and 
challenging issue for oncologists and internists alike. BoNTs, because of their con-
venience of use (not requiring daily dosing) and generally safe profile, offer a rea-
sonable alternative to strong analgesics. More high-quality studies are needed, 
however, to better define the role of BoNT therapy in patients with cancer- 
related pain.

 Botulinum Neurotoxin Treatment of End of Life Cancer Pain

The mechanism of focal pain in advanced cancer and end of the life cancer pain is 
multifactorial. In a majority of patients, pain has a peripheral origin and results from 
direct invasion of neural tissue by cancer or emanates from the altered and damaged 
tissue caused by surgery or radiation therapy. Sometimes pain can result from acti-
vation of pain mechanisms by a central nervous system cancer that may cause either 
a neuropathic pain or painful muscle spasms.

The following examples are from the author’s experience during his tenure as 
director of Yale University’s Botulinum Toxin Clinic during the years 2004–2015.
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 Case 4: Severe Jaw Pain and Trismus Due to the Direct Invasion 
of Masseter Muscle and Jaw Bone by a Non-small Cell Cancer 
of the Lung

A 69-year-old female with stage IV, non-small cell carcinoma of the lungs with 
metastasis to bone (femur and petrous bone) and brain underwent multiple courses 
of chemotherapy and radiation therapy. Three months after completion of radio-
therapy, she complained of jaw stiffness, inability to open the mouth fully, and right 
masseter pain when attempting to open the mouth. Over a few weeks, the problem 
reached a point where she refrained from eating. Her medications, oxycodone (10 
mg, twice daily) and fentanyl (25 mcg patch, every 72 hours), provided temporary 
pain relief but did not alleviate the trismus. An MRI showed enlargement of the 
right masseter due to neoplastic involvement (Fig. 18.4). Injection of onabotulinum-
toxinA (50 units) into the right masseter and 20 units into the right temporalis 
decreased the right masseter pain and improved jaw opening for 6 weeks. Subsequent 
injections of a larger dose of onaA into the right masseter (70 units) with additional 
injection into the left masseter (30 units) enabled her to eat and improved her quality 
of life (pain relief, less eating difficulty) over the next 18 months before her demise 
from complications of cancer.

Fig. 18.4 (Case 4). MRI showing an enlarged masseter on the right side probably due to tumor 
invasion

Botulinum Neurotoxin Treatment of End of Life Cancer Pain



392

 Case 5: Disabling, Deep Neck and Shoulder Pain 
Due to an Extensive Pontomedullary Astrocytoma

A 29-year-old male with a grade 3 pontine astrocytoma (Fig.  18.5) experienced 
painful spasms of neck and shoulder muscles 6 months following radiation therapy. 
Tizanidine, 2  mg three times a day, had minimal effect, and non-steroidal anti- 
inflammatory analgesics were not helpful. Abnormal neurological findings included 
a left 6th and 7th nerve paresis, left-sided spasticity, and gait ataxia. Administration 
of onabotulinumtoxinA into the neck and shoulder muscles resulted in significant 
pain relief. The following muscles were injected: left and right splenius capitis (40 
units each), left and right trapezius (40 units each), left and right levator scapulae 
(40 units each), and left and right sternocleidomastoid (20 units each). The total 
dose was 280 units. Injections were repeated every three months for two years until 
the patient passed away from complications of cancer.

 Case 6: Disabling, Painful and Dystonic Upper Limb 
Contractions After Gamma Knife Surgery for Recurrent 
Fronto- Parietal Brain Tumor

A 79-year-old man was referred to the Yale Botulinum Neurotoxin Treatment Clinic 
for evaluation of painful muscle contractions affecting the left shoulder and left arm 
muscles. Patient had had recurrent meningiomas in the right posterior frontal region 

Fig. 18.5 (Case 5): MRI shows a large pontomedullary tumor
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for the past several years which had resulted in focal motor seizures of the left side. 
These seizures were treated with a variety of medications, most recently with a 
combination of depakote (750 mg daily) and Klonopin (2 mg daily). The recent 
abnormal movements, however, had begun three months ago shortly following a 
Gamma Knife surgical excision of a recurrent right posterior frontal lobe tumor. The 
movements were different from those associated with his seizures in that they 
occurred as episodic “very painful” contractions of the left upper limb muscles 
associated with “wandering movements” of that limb. These painful contractions 
failed to respond to non-opioid analgesics and to baclofen10 mg three times daily

On examination, the patient had a mild left hemiparesis. Several episodes of 
involuntary movements of the right upper limbs were noted during examination. 
These were characterized by dystonic posturing of the limb with elbow extension, 
elbow flexion, arm adduction, and wrist flexion and extension. At times, the affected 
arm also wandered around aimlessly. These dystonic muscle contractions and pos-
tures were painful, unnerved the patient during the day and interfered with his sleep. 
A magnetic resonance imaging showed areas of edema in the white matter deeper 
than the posterior frontal mass lesion, possibly related to radiation necrosis from the 
Gamma Knife procedure (Fig. 18.6). Over the next two years, the patient was treated 

Fig. 18.6 (Case 6): Posterior frontal mass with edema and necrosis partly related to radiation
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with intramuscular injections of onabotulinumtoxinA into the left upper limb and 
shoulder muscles: biceps (100 units), triceps (100 units), pectoralis (100 units), del-
toid (40 units), trapezius (60 units), flexor carpi ulnaris (60 units), and flexor carpi 
radialis (40 units) for a total of 500 units per session. This treatment reduced the 
frequency of the patient’s painful episodic dystonia by 80% as well as lowering the 
intensity of each episode by 50–70%. BoNT therapy was repeated every 3–4 
months. The patient and his wife repeatedly commented on the improvement of his 
quality of life. The patient died from complications of his brain tumor 2 years after 
initiation of BoNT therapy.

 Comment

The observations illustrated above show that BoNT therapy can provide an avenue 
for treatment of pain of cancer patients at the end of life. The injections were easy 
to perform, and treatment had a low and safe side effect profile. In patients with 
advanced cancer where adding a new medication and extending pain polypharmacy 
often causes disturbing side effects, BoNT injections every 3–4 months provide a 
safe and potentially effective alternative to strong analgesic agents. Each of the five 
patients reported above and their spouses believed the injections improved the 
patient’s quality of life.
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Chapter 19
Botulinum Toxin Treatment for Pain 
Indications in Veterinary Medicine

 Introduction

Botulinum neurotoxins can improve pain through different mechanisms. When pain 
is due to muscle contraction or muscle spasms, the injected toxin relaxes the muscle 
and hence alleviates pain through blocking the release of acetylcholine from pre-
synaptic vesicles. In the case of neuropathic pain that usually arises from damage to 
the peripheral sensory nerves innervating skin, muscle, and joints, the mechanism is 
most likely related to the inhibitory effect of the toxin upon pain modulators and 
transmitters. It has been shown that botulinum toxins influence the release and func-
tion of major pain transmitters (glutamate, substance P, calcitonin gene-related pep-
tide) both peripherally and centrally in animal pain models [1–22].

Some of the other venues through which BoNTs can reduce pain include the 
toxin’s inhibitory function upon sodium channels (important for conducting pain 
signals) and inhibition of intrafusal muscle fibers after intramuscular injection [23, 
24]. By reducing a major sensory input to the spinal cord, the latter can reduce cen-
tral sensitization [25] which contributes to pain maintenance in chronic pain condi-
tions. In human, botulinum toxins have been shown to improve several pain 
disorders including chronic migraine; post-herpetic, post-traumatic, and trigeminal 
neuralgias; and plantar fasciitis, piriformis syndrome, interstitial cystitis, pelvic 
pain, painful diabetic neuropathy, and certain types of low back pain [26–35].

Chronic pain disorders in dogs and horses are one of the most common medical 
conditions encountered in veterinary practice. In recent years, some veterinary 
researchers have explored the analgesic role of botulinum neurotoxins (BoNTs) in 
painful disorders of dogs and horses. In dogs, the studies have focused on osteoar-
thritis and post-surgical pain so far. In horses, the analgesic effects of BoNTs have 
been explored in laminitis, synovitis, and pain in the hoof secondary to degenerative 
changes of the navicular bone.
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 Canine Osteoarthritis

Osteoarthritis is characterized by degeneration of articular cartilage associated with 
changes in synovial lining and synovial inflammation. The inflammatory response 
is often mediated by cytokine prostaglandin E2 (PGe2) [36, 37]. A variable preva-
lence ranging from 2.5 to 20% has been reported in dogs for osteoarthritis [38, 39]. 
Osteoarthritis is one of the leading causes of canine chronic pain and disability.

Treatment of canine osteoarthritis includes non-pharmacological approaches 
such as physical therapy, weight bearing physiotherapy, and neutraceuticals. 
Pharmacological treatment includes oral analgesics as well as intra-articular medic-
inal injections [40]. Among intra-articular (IA) injections, steroids are commonly 
employed. IA injection of steroids may alleviate pain, but the results usually do not 
last more than 8 weeks [41]. Furthermore, IA injection of steroids can cause several 
side effects such as septic arthritis [42, 43]. Recently, intra-articular slow-release 
triamcinolone acetonide from polyesteramide microspheres was found helpful in 
treatment of a cohort of dogs with osteoarthritis [44]. Trials with IA injection of 
autologous adipose-derived stem cells and plasma-rich platelets are ongoing in 
canine osteoarthritis with some preliminary results showing improvement of pain 
and quality of life up to 6 months [45, 46].

 Botulinum Toxin Treatment of Osteoarthritis in Dogs

One open-label and two, double-blind, placebo-controlled studies have reported on 
the efficacy of IA BoNT injections in dogs [47–49] (Table 19.1).

In 2004, Hadley et al. [47] reported the result of a pilot, open-label study on the 
efficacy of IA injections of BoNT-A in five dogs with osteoarthritis. All dogs had 
chronic pain and their condition was stable on non-steroidal anti-inflammatory 
drugs and neuraceuticals (glucosamine/chondroitin, vitamin E, fish oil). The studied 
dogs had lameness and pain due to elbow or hip osteoarthritis. After sedation, each 
dog received an IA injection of 25  units of onabotulinumtoxinA.  Animals were 
evaluated by pressure platform gait analysis (ground pressure/weight bearing) and 
owner perception of outcome (locomotion and discomfort) at baseline and at 2, 4, 8, 
and 12  weeks post-injection. All dogs, following onA injection, demonstrated 
improvement of ground reaction forces. At week 12, two of five owners reported 
significant, and one reported moderate improvement of dogs’ function and discom-
fort. Among the other two, one owner reported mild, and the other reported no 
improvement. No side effects were noted.

In 2014, Heikkila et al. [48] published on the results of their study on BoNT-A’s 
effectiveness in osteoarthritis of 35 client-owned dogs. The animals had osteoarthri-
tis of the stifle, hip, and elbow joints. The study was double-blind and placebo- 
controlled. Each dog received intra-articular injection (into painful joint) of either 
onabotulinumtoxinA (Botox) or placebo (saline). The toxin dose was 30 units. The 
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primary outcomes of the study were Helsinki Chronic Pain Index (HCPI) and 
changes in the ground reaction forces evaluated by force plate. HCPI is a question-
naire for dog owners through which they rate a dog’s chronic orthopedic pain. In 
this scale, a score of 17 or higher denotes severe pain. Secondary outcomes of the 
study consisted of the need for rescue analgesia and a subjective pain scale rated by 
a veterinarian. Dog owners were given Carprofen tablets (Rimadyl of Pfizer) to be 
given to the dog once daily (4 mg/Kg) if needed. They would record this rescue 
analgesic as 0 = not needed, 1 = needed once or twice/week, 2 = needed three to four 
times/week, 3 = needed five to six times/week, and 5 = when needed every day. The 
duration of the study was 12 weeks. At the end of the study (12 weeks post- injection), 
the investigators noted a significant improvement of ground force in the toxin 
injected group (P < 0.005). The toxin group also demonstrated a significant reduc-
tion of HCPI score (pain score) from baseline when compared to placebo. The 
authors stated that none of the participant dogs in the study had serious side effects.

Table 19.1 Studies assessing efficacy of BoNT injections in canine osteoarthritis

Authors 
and date

Type of 
study

Study 
class

Number 
of dogs

Location 
of OA

Toxin 
type

Dose 
in 
units

Assessed 
scales Results

Hadley 
et al. 
[47]

Open label IV 5 Elbow, 
hip

onaA 25 Pressure 
platform 
gait analysis 
(PPGA), 
owner 
perception 
(OP)

PPGA 
improved in all 
dogs at week 
12,
OP: two dogs 
significantly 
and one dog 
moderately 
improved

Heikkila 
et al. 
[48]

Double- 
blind, 
placebo- 
controlled

I 35 Stifle, 
elbow, 
hip

onaA 30 Helsinki 
Chronic 
Pain Index 
(HCPI), 
Ground 
Reaction 
Force 
(GRF)

At 12 weeks, 
both HCPI and 
GRF improved 
significantly 
(P < 0.005)

Nicacio 
et al. 
[49]

Double- 
blind, 
placebo- 
controlled

II 16 Hip aboA 25 Vet-score, 
Helsinki 
Chronic 
Pain Index 
(HCPI)

Both toxin and 
placebo groups 
have improved 
in all measures 
compared to 
baseline. The 
effect was 
higher in the 
placebo group

onaA onabotulinumtoxinA (Botox), aboA abobotulinumtoxinA (Dysport), PPGA Pressure 
Platform Gait Analysis, HCPI Helsinki Chronic Pain Index, GRF Ground Reaction Force, CBPI 
Canine Brief Pain Inventory, OA osteoarthritis
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In 2019, another study by Nicasio et al. [49] was published on the issue of BoNT 
treatment of canine osteoarthritis. In this double-blind, placebo-controlled investi-
gation, the researchers injected either abobotulinumtoxinA (aboA-Dysport) or 
saline into the arthritic hip joint of 16 dogs with osteoarthritis. The injected dose of 
aboA was 25 units. The hip joints were affected by hip dysplasia. The dogs’ response 
to intra-articular (IA) toxin injections was evaluated over 12 weeks with a Vet-score 
and an owner rating scale. The Vet-score includes four subsets of pain on manipula-
tion, lameness, ability to jump, and ability to climb stairs, each rated from 1 to 4. 
The owners were trained to use two validated pain scales to rate the level of pain 
change in the dogs, namely, HCPI and Canine Brief Pain Inventory (CBPI). The 
investigators found that both aboA and saline injections improved Vet Scores, HCPI, 
and CBPI scores significantly, but the improvement had a higher magnitude in the 
saline group.

 Comment

Using the efficacy criteria of Assessment and Guideline subcommittee of the 
American Academy of Neurology [50, 51], IA injections of onabotulinumtoxinA 
for canine osteoarthritis would have a level B efficacy (probably effective based on 
one class I study [48]). The negative class II study of Nicacio et al. [49] has a large 
placebo effect that makes determination of efficacy not possible. Furthermore, if 
one uses a ratio of 1:2.5 for onaA/aboA, the dose used in this study [49] would be 
substantially lower (almost half) than the toxin dose used in the study of Heikkila 
et al. [48].

In a double-blind, placebo-controlled study, Heikkila et al. [52] investigated the 
effect of IA BoNT injections in healthy dogs. Six dogs were injected either by 
30 units of onaA or saline (contralateral joint). The authors reported no clinical, 
cytological, and histological adverse effects. There was electrophysiological evi-
dence of toxin spread to the adjacent joint muscles, but they noted no clinically 
detectable weakness.

 BoNT Injections for Post-surgical Pain in Dogs

In human, a growing number of publications have demonstrated efficacy of BoNT 
injections in relieving post-surgical neck and head pain, post-mastectomy pain, and 
pain after breast expander surgery [53–56]. In dogs, one study has reported the 
results of BoNT therapy in post-mastectomy pain. Vilhegas et al. [57] studied the 
analgesic effect of BoNT-A injections in dogs scheduled to have bilateral mastec-
tomy for malignant tumors. The study was double-blind, placebo-controlled and 
had a duration of 10–14 days. Investigators enrolled 16 dogs with breast malignancy 
who were planned to have bilateral mastectomy. The study cohort was randomized 
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into toxin and placebo groups. The dogs in the toxin group were injected with abo-
botulinumtoxinA (7 units/kg), 24 h before surgery. Injections were performed into 
the middle of the mammary glands. Same volume of normal saline was injected into 
the breast of the control group. Authors assessed dogs’ post-operative pain by visual 
analog scale (VAS, scale of 0–10) and by modified Glasgow Composite Measure 
Pain Scale (GCMPS). Rescue analgesia was prescribed during the study when 
deemed necessary. The authors found that pain scores assessed by VAS and modi-
fied GCMPS were significantly lower in the BoNT-A group compared to the control 
group (P < 0.05). This pain reduction was noted from 8 h to 60 h and from 12 h to 
60 h post-injection, respectively, after extubation. Significantly more rescue analge-
sia had to be used by more dogs in the control group (7/8) compared with the dogs 
in the BoNT-A group (2/8) (P = 0.022). The authors concluded that “pre- emptive 
BoNT-A therapy appears to be effective as an adjuvant for postoperative pain man-
agement in dogs undergoing bilateral radical mastectomy.” No adverse effects were 
noted during this study after BoNT injections into the dogs’ breasts.

 BoNT Treatment in Equine Pain Disorders

Horses may suffer several ailments that cause chronic pain, leading to lameness and 
loss of function. The literature on the use of BoNTs as an analgesic in equine pain 
disorders is limited to studies on laminitis, synovitis, and chronic pain in the hoof 
due to degeneration of navicular bone and the surrounding tissue.

 Laminitis

Laminitis refers to inflammation of the soft tissue structures that attach the coffin 
(pedal bone of the foot) to the hoof wall. Inflammation and damage to the laminae 
of the horse can cause severe pain and lead to instability of the coffin bone in the 
hoof. With the progression of the disorder, the third phalanx rotates and undergoes 
distal displacement in the hoof capsule. In more severe cases, it can lead to complete 
separation and rotation of the pedal bone within the hoof wall. Recurrent attacks of 
laminitis after an initial attack are not uncommon. Severe laminitis can cripple the 
horse and may even be fatal. Since management of laminitis is difficult, prevention 
of laminitis is an important task in equine veterinary medicine.

A variable incidence of 1.5–24% has been reported for laminitis that reflects 
variation in the type of horse, its nutritional status, and its geographical location 
[58]. Mitchell et al. [59] define five principles for treatment of acute equine lamini-
tis: nutritional and medical management of primary disease process, cryotherapy 
(keeping the temperature below 10 degrees centigrade for 48 h), anti-inflammatory 
therapy, pain control, and biomechanical optimization. Among non-steroidal 
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anti- inflammatory drugs, phenylbutazone is commonly used with a dose of 
2.2–4.4 mg/kg given by mouth or administered intravenously every 12 h [59].

For management of mild to moderate pain, amitriptyline and soluble epoxide 
hydrolase inhibitor may be helpful [60]. More severe cases of pain may require use 
of opioids or constant rate infusions of α-2 agonists, ketamine, and lidocaine [60]. 
In case of recalcitrant pain, deep digital tendon tenotomy may offer pain relief [61].

 Botulinum Toxin Treatment in Equine Laminitis

The feasibility of denervating the deep digital flexors of the horse by BoNT injec-
tions (producing a similar effect to tenotomy) has been explored by several studies 
in recent years [62–64]. These studies have shown that injections of BoNTs into the 
deep digital flexors produce sustained denervation of these muscles with reduced 
EMG activity and, in appropriate doses, do not cause lameness or loss of function. 
The authors concluded that BoNT injections may offer a safe approach for treat-
ment of laminitis, the efficacy of which needs to be confirmed by clinical trials.

In a small open-label study, Carter and Renroe [65] investigated the effect of 
deep digital flexor denervation by BoNT-A for treatment of equine laminitis. Seven 
horses with chronic laminitis were injected by 100–200 units of onabobotulinum-
toxinA (Botox) into the digital flexors of one or both front limbs. The horses were 
followed for a period of 6 to 36  months. Six of the seven horses demonstrated 
improvement of pain and function, most of them becoming pressure sound. One of 
the six responding horses fully recovered and could ride all gaits. No adverse effects 
were seen after BoNT injections.

 Botulinum Toxin Effect on Podotrochlear (Navicular) 
Pain Syndrome

In the horse’s hoof, podotrochlear apparatus (navicular apparatus) includes the 
navicular bone, the navicular bursa, the coffin joint, and suspensory ligament of the 
navicular bone as well as the deep digital flexor tendon (DDFT). Degenerative 
changes affecting navicular bone and adjacent tissue result in hoof pain and lame-
ness. Corrective shoeing, controlled exercises, extracorporeal shock therapy as well 
as oral or intra-articular injection of anti-inflammatory drugs are helpful, but still a 
majority of the horses fail to respond to these treatments [66].

In an open-label study [66], the authors injected rimabotulinumtoxinB (Myobloc) 
into the navicular bursa of seven horses with severe lameness and pain due to degen-
eration of podonavicular apparatus. The dose of injected toxin was 3.8–4.5 units/kg. 
The response to BoNT-B injections was assessed over 14 days via study of videos 
by veterinarians. After BoNT-B injections, investigators noted significant decrease 

19 Botulinum Toxin Treatment for Pain Indications in Veterinary Medicine



407

in the severity of lameness. However, none of the horses fully recovered from lame-
ness which the authors attributed to possible low dose of the injected toxin.

 BoNT Effect on Acute Synovitis

Depuy et al. [67], in a double-blind, placebo-controlled study, injected 50 units of 
onabotulinumtoxinA into the middle carpal joint (both limbs) of two healthy horses. 
Two other horses (controls) received the same volume of saline injections bilater-
ally. Then, all four horses were injected by interleukin 1-beta in order to induce 
acute synovitis. Study veterinarians evaluated the antinociceptive activity of the 
injected BoNT using a computer-assisted analysis of lameness. After interleukin 
injection, both saline-injected horses developed lameness, whereas only one of the 
two horses that had received BoNT injection demonstrated lameness. Following 
euthanasia at day 14 post-interleukin injection, the histological evaluation of the 
injected joints revealed evidence of suppurative inflammation in all four horses.

 Comment

The low-quality studies cited above suggest an antinociceptive role for BoNTs in 
certain equine pain disorders. The proof of utility of BoNTs in equine pain disorders 
awaits the results of well-designed blinded and placebo-controlled studies. Since 
horses are known to be more sensitive than many other species (including man) to 
the effects of botulinum toxins [68], future studies need to monitor and titrate the 
injected doses carefully in order to avoid inducing botulism. A detailed and up-to- 
date review of BoNT toxin treatment in veterinary medicine has been recently pub-
lished by Helga Heikkila PhD, DVM in 2020 [69].

References

 1. Matak I, Tékus V, Bölcskei K, Lacković Z, Helyes Z. Involvement of substance P in the anti-
nociceptive effect of botulinum toxin type A: evidence from knockout mice. Neuroscience. 
2017;358:137–45. https://doi.org/10.1016/j.neuroscience.2017.06.040. Epub 2017 Jul 1. 
PMID: 28673722

 2. Rossetto O, Pirazzini M, Fabris F, Montecucco C.  Botulinum neurotoxins: mechanism of 
action. Handb Exp Pharmacol. 2021;263:35–47. https://doi.org/10.1007/164_2020_355. 
PMID: 32277300

 3. Marino MJ, Terashima T, Steinauer JJ, Eddinger KA, Yaksh TL, Xu Q.  Botulinum toxin 
B in the sensory afferent: transmitter release, spinal activation, and pain behavior. Pain. 
2014;155(4):674–84. https://doi.org/10.1016/j.pain.2013.12.009. Epub 2013 Dec 11. PMID: 
24333775; PMCID: PMC3960322

References

https://doi.org/10.1016/j.neuroscience.2017.06.040
https://doi.org/10.1007/164_2020_355
https://doi.org/10.1016/j.pain.2013.12.009


408

 4. Bach-Rojecky L, Relja M, Lacković Z.  Botulinum toxin type A in experimental neu-
ropathic pain. J Neural Transm (Vienna). 2005;112(2):215–9. https://doi.org/10.1007/
s00702- 004- 0265- 1. PMID: 15657640

 5. Cui M, Khanijou S, Rubino J, Aoki KR.  Subcutaneous administration of botulinum toxin 
A reduces formalin-induced pain. Pain. 2004;107(1–2):125–33. https://doi.org/10.1016/j.
pain.2003.10.008. PMID: 14715398

 6. Mika J, Rojewska E, Makuch W, Korostynski M, Luvisetto S, Marinelli S, Pavone F, Przewlocka 
B. The effect of botulinum neurotoxin A on sciatic nerve injury-induced neuroimmunological 
changes in rat dorsal root ganglia and spinal cord. Neuroscience. 2011;175:358–66. https://doi.
org/10.1016/j.neuroscience.2010.11.040. Epub 2010 Nov 25. PMID: 21111791

 7. Bossowska A, Lepiarczyk E, Mazur U, Janikiewicz P, Markiewicz W. Botulinum toxin type 
A induces changes in the chemical coding of substance P-immunoreactive dorsal root ganglia 
sensory neurons supplying the porcine urinary bladder. Toxins (Basel). 2015;7(11):4797–816. 
https://doi.org/10.3390/toxins7114797. PMID: 26580655; PMCID: PMC4663534

 8. Safarpour Y, Jabbari B.  Botulinum toxin treatment of pain syndromes -an evidence based 
review. Toxicon. 2018;147:120–8. https://doi.org/10.1016/j.toxicon.2018.01.017. Epub 2018 
Feb 1. PMID: 29409817

 9. Shin MC, Wakita M, Xie DJ, Yamaga T, Iwata S, Torii Y, Harakawa T, Ginnaga A, Kozaki S, 
Akaike N. Inhibition of membrane Na+ channels by A type botulinum toxin at femtomolar 
concentrations in central and peripheral neurons. J Pharmacol Sci. 2012;118(1):33–42. https://
doi.org/10.1254/jphs.11060fp. Epub 2011 Dec 10. PMID: 22156364

 10. Hong B, Yao L, Ni L, Wang L, Hu X. Antinociceptive effect of botulinum toxin A involves 
alterations in AMPA receptor expression and glutamate release in spinal dorsal horn neurons. 
Neuroscience. 2017;357:197–207. https://doi.org/10.1016/j.neuroscience.2017.06.004. Epub 
2017 Jun 10. PMID: 28606856

 11. Matak I, Bölcskei K, Bach-Rojecky L, Helyes Z.  Mechanisms of botulinum toxin type A 
action on pain. Toxins (Basel). 2019;11(8):459. https://doi.org/10.3390/toxins11080459. 
PMID: 31387301; PMCID: PMC6723487

 12. Lacković Z. Botulinum toxin and pain. Handb Exp Pharmacol. 2021;263:251–64. https://doi.
org/10.1007/164_2019_348. PMID: 32016565

 13. Matak I, Riederer P, Lacković Z. Botulinum toxin's axonal transport from periphery to the 
spinal cord. Neurochem Int. 2012;61(2):236–9. https://doi.org/10.1016/j.neuint.2012.05.001. 
Epub 2012 May 8. PMID: 22580329

 14. Drinovac Vlah V, Filipović B, Bach-Rojecky L, Lacković Z. Role of central versus peripheral 
opioid system in antinociceptive and anti-inflammatory effect of botulinum toxin type A in tri-
geminal region. Eur J Pain. 2018;22(3):583–91. https://doi.org/10.1002/ejp.1146. Epub 2017 
Nov 13. PMID: 29134730

 15. Wang W, Kong M, Dou Y, Xue S, Liu Y, Zhang Y, Chen W, Li Y, Dai X, Meng J, Wang 
J. Selective expression of a SNARE-cleaving protease in peripheral sensory neurons attenu-
ates pain-related gene transcription and neuropeptide release. Int J Mol Sci. 2021;22(16):8826. 
https://doi.org/10.3390/ijms22168826. PMID: 34445536; PMCID: PMC8396265

 16. Hok P, Veverka T, Hluštík P, Nevrlý M, Kaňovský P. The central effects of botulinum toxin 
in dystonia and spasticity. Toxins (Basel). 2021;13(2):155. https://doi.org/10.3390/tox-
ins13020155. PMID: 33671128; PMCID: PMC7922085

 17. Meng J, Ovsepian SV, Wang J, Pickering M, Sasse A, Aoki KR, Lawrence GW, Dolly 
JO.  Activation of TRPV1 mediates calcitonin gene-related peptide release, which 
excites trigeminal sensory neurons and is attenuated by a retargeted botulinum toxin with 
anti-nociceptive potential. J Neurosci. 2009;29(15):4981–92. https://doi.org/10.1523/
JNEUROSCI.5490- 08.2009. PMID: 19369567; PMCID: PMC6665337

 18. Li X, Ye Y, Zhou W, Shi Q, Wang L, Li T. Anti-inflammatory effects of BoNT/a against com-
plete Freund's adjuvant-induced arthritis pain in rats: transcriptome analysis. Front Pharmacol. 
2021;12:735075. https://doi.org/10.3389/fphar.2021.735075. PMID: 34803684; PMCID: 
PMC8602683

19 Botulinum Toxin Treatment for Pain Indications in Veterinary Medicine

https://doi.org/10.1007/s00702-004-0265-1
https://doi.org/10.1007/s00702-004-0265-1
https://doi.org/10.1016/j.pain.2003.10.008
https://doi.org/10.1016/j.pain.2003.10.008
https://doi.org/10.1016/j.neuroscience.2010.11.040
https://doi.org/10.1016/j.neuroscience.2010.11.040
https://doi.org/10.3390/toxins7114797
https://doi.org/10.1016/j.toxicon.2018.01.017
https://doi.org/10.1254/jphs.11060fp
https://doi.org/10.1254/jphs.11060fp
https://doi.org/10.1016/j.neuroscience.2017.06.004
https://doi.org/10.3390/toxins11080459
https://doi.org/10.1007/164_2019_348
https://doi.org/10.1007/164_2019_348
https://doi.org/10.1016/j.neuint.2012.05.001
https://doi.org/10.1002/ejp.1146
https://doi.org/10.3390/ijms22168826
https://doi.org/10.3390/toxins13020155
https://doi.org/10.3390/toxins13020155
https://doi.org/10.1523/JNEUROSCI.5490-08.2009
https://doi.org/10.1523/JNEUROSCI.5490-08.2009
https://doi.org/10.3389/fphar.2021.735075


409

 19. Lacković Z.  New analgesic: focus on botulinum toxin. Toxicon. 2020;179:1–7. https://doi.
org/10.1016/j.toxicon.2020.02.008. Epub 2020 Feb 11. PMID: 32174507

 20. Meng J, Wang J, Lawrence G, Dolly JO. Synaptobrevin I mediates exocytosis of CGRP from 
sensory neurons and inhibition by botulinum toxins reflects their anti-nociceptive potential. 
J Cell Sci. 2007;120(Pt 16):2864–74. https://doi.org/10.1242/jcs.012211. Epub 2007 Jul 31. 
PMID: 17666428

 21. Waskitho A, Yamamoto Y, Raman S, Kano F, Yan H, Raju R, Afroz S, Morita T, Ikutame D, 
Okura K, Oshima M, Yamamoto A, Baba O, Matsuka Y.  Peripherally administered botuli-
num toxin type A localizes bilaterally in trigeminal ganglia of animal model. Toxins (Basel). 
2021;13(10):704. https://doi.org/10.3390/toxins13100704. PMID: 34678997; PMCID: 
PMC8541196

 22. Vacca V, Marinelli S, Eleuteri C, Luvisetto S, Pavone F. Botulinum neurotoxin a enhances 
the analgesic effects on inflammatory pain and antagonizes tolerance induced by morphine 
in mice. Brain Behav Immun. 2012;26(3):489–99. https://doi.org/10.1016/j.bbi.2012.01.002. 
Epub 2012 Jan 20. PMID: 22281280. Appl Microbiol Biotechnol

 23. Shin MC, Wakita M, Xie DJ, Yamaga T, Iwata S, Torii Y, Harakawa T, Ginnaga A, Kozaki S, 
Akaike N. Inhibition of membrane Na+ channels by A type botulinum toxin at femtomolar 
concentrations in central and peripheral neurons. J Pharmacol Sci. 2012;118(1):33–42. https://
doi.org/10.1254/jphs.11060fp. Epub 2011 Dec 10. PMID: 22156364

 24. Rosales RL, Arimura K, Takenaga S, Osame M. Extrafusal and intrafusal muscle effects in 
experimental botulinum toxin-A injection. Muscle Nerve. 1996;19(4):488–96. https://doi.
org/10.1002/(SICI)1097- 4598(199604)19:4<488::AID- MUS9>3.0.CO;2- 8. PMID: 8622728

 25. Aoki KR, Francis J. Updates on the antinociceptive mechanism hypothesis of botulinum toxin 
a. Parkinsonism Relat Disord. 2011;17(Suppl 1):S28–33. https://doi.org/10.1016/j.parkrel-
dis.2011.06.013. PMID: 21999893

 26. Dodick DW, Turkel CC, DeGryse RE, Aurora SK, Silberstein SD, Lipton RB, Diener HC, 
Brin MF.  PREEMPT Chronic Migraine Study Group. OnabotulinumtoxinA for treatment 
of chronic migraine: pooled results from the double-blind, randomized, placebo-controlled 
phases of the PREEMPT clinical program. Headache. 2010;50(6):921–36. https://doi.
org/10.1111/j.1526- 4610.2010.01678.x. Epub 2010 May 7. PMID: 20487038

 27. Wu CJ, Lian YJ, Zheng YK, Zhang HF, Chen Y, Xie NC, Wang LJ. Botulinum toxin type A 
for the treatment of trigeminal neuralgia: results from a randomized, double-blind, placebo- 
controlled trial. Cephalalgia. 2012;32(6):443–50. https://doi.org/10.1177/0333102412441721. 
Epub 2012 Apr 5. PMID: 22492424

 28. Xiao L, Mackey S, Hui H, Xong D, Zhang Q, Zhang D. Subcutaneous injection of botulinum 
toxin a is beneficial in postherpetic neuralgia. Pain Med. 2010;11(12):1827–33. https://doi.
org/10.1111/j.1526- 4637.2010.01003.x. PMID: 21134121

 29. Yuan RY, Sheu JJ, Yu JM, Chen WT, Tseng IJ, Chang HH, Hu CJ. Botulinum toxin for diabetic 
neuropathic pain: a randomized double-blind crossover trial. Neurology. 2009;72(17):1473–8. 
https://doi.org/10.1212/01.wnl.0000345968.05959.cf. Epub 2009 Feb 25. PMID: 19246421

 30. Babcock MS, Foster L, Pasquina P, Jabbari B. Treatment of pain attributed to plantar fasciitis 
with botulinum toxin a: a short-term, randomized, placebo-controlled, double-blind study. Am 
J Phys Med Rehabil. 2005;84(9):649–54. https://doi.org/10.1097/01.phm.0000176339.73591.
d7. PMID: 16141740

 31. Childers MK, Wilson DJ, Gnatz SM, Conway RR, Sherman AK. Botulinum toxin type A use 
in piriformis muscle syndrome: a pilot study. Am J Phys Med Rehabil. 2002;81(10):751–9. 
https://doi.org/10.1097/00002060- 200210000- 00006. PMID: 12362115

 32. Foster L, Clapp L, Erickson M, Jabbari B. Botulinum toxin A and chronic low back pain: 
a randomized, double-blind study. Neurology. 2001;56(10):1290–3. https://doi.org/10.1212/
wnl.56.10.1290. PMID: 11376175

 33. Giannantoni A, Gubbiotti M, Bini V. Botulinum neurotoxin a intravesical injections in inter-
stitial cystitis/bladder painful syndrome: a systematic review with meta-analysis. Toxins 

References

https://doi.org/10.1016/j.toxicon.2020.02.008
https://doi.org/10.1016/j.toxicon.2020.02.008
https://doi.org/10.1242/jcs.012211
https://doi.org/10.3390/toxins13100704
https://doi.org/10.1016/j.bbi.2012.01.002
https://doi.org/10.1254/jphs.11060fp
https://doi.org/10.1254/jphs.11060fp
https://doi.org/10.1002/(SICI)1097-4598(199604)19:4<488::AID-MUS9>3.0.CO;2-8
https://doi.org/10.1002/(SICI)1097-4598(199604)19:4<488::AID-MUS9>3.0.CO;2-8
https://doi.org/10.1016/j.parkreldis.2011.06.013
https://doi.org/10.1016/j.parkreldis.2011.06.013
https://doi.org/10.1111/j.1526-4610.2010.01678.x
https://doi.org/10.1111/j.1526-4610.2010.01678.x
https://doi.org/10.1177/0333102412441721
https://doi.org/10.1111/j.1526-4637.2010.01003.x
https://doi.org/10.1111/j.1526-4637.2010.01003.x
https://doi.org/10.1212/01.wnl.0000345968.05959.cf
https://doi.org/10.1097/01.phm.0000176339.73591.d7
https://doi.org/10.1097/01.phm.0000176339.73591.d7
https://doi.org/10.1097/00002060-200210000-00006
https://doi.org/10.1212/wnl.56.10.1290
https://doi.org/10.1212/wnl.56.10.1290


410

(Basel). 2019;11(9):510. https://doi.org/10.3390/toxins11090510. PMID: 31480323; PMCID: 
PMC6784147

 34. Abbott JA, Jarvis SK, Lyons SD, Thomson A, Vancaille TG.  Botulinum toxin type A for 
chronic pain and pelvic floor spasm in women: a randomized controlled trial. Obstet Gynecol. 
2006;108(4):915–23. https://doi.org/10.1097/01.AOG.0000237100.29870.cc. PMID: 
17012454

 35. Ranoux D, Attal N, Morain F, Bouhassira D. Botulinum toxin type A induces direct analgesic 
effects in chronic neuropathic pain. Ann Neurol. 2008;64(3):274–83. https://doi.org/10.1002/
ana.21427. Erratum in: Ann Neurol. 2009 Mar;65(3):359. PMID: 18546285

 36. Glyn-Jones S, Palmer AJ, Agricola R, Price AJ, Vincent TL, Weinans H, Carr AJ. Osteoarthritis 
Lancet. 2015;386:376–87. https://doi.org/10.1016/S0140- 6736(14)60802- 3. [PubMed]

 37. Hugle T, Geurts J. What drives osteoarthritis? - Synovial versus subchondral bone pathology. 
Rheumatology. 2017;56:1461–71.

 38. Johnston SA. Osteoarthritis. Joint anatomy, physiology, and pathobiology. Vet Clin North Am 
Small Anim Pract. 1997;27(4):699–723. https://doi.org/10.1016/s0195- 5616(97)50076- 3. 
PMID: 9243777

 39. Anderson KL, O'Neill DG, Brodbelt DC, Church DB, Meeson RL, Sargan D, Summers JF, 
Zulch H, Collins LM.  Prevalence, duration and risk factors for appendicular osteoarthritis 
in a UK dog population under primary veterinary care. Sci Rep. 2018;8(1):5641. https://doi.
org/10.1038/s41598- 018- 23940- z. PMID: 29618832; PMCID: PMC5884849

 40. Heikkila H. Chapter 17, Botulinum toxin treatment in veterinary medicine: clinical implica-
tions. In: Jabbari B, editor. Botulinum toxin treatment in surgery, dentistry and veterinary 
medicine. Switzerland: Springer; 2020. p. 337–57.

 41. Bellamy N, Campbell J, Robinson V, Gee T, Bourne R, Wells G. Intraarticular corticosteroid 
for treatment of osteoarthritis of the knee. Cochrane Database Syst Rev. 2006;2:CD005328.

 42. Huscher D, Thiele K, Gromnica-Ihle E, Hein G, Demary W, Dreher R, Zink A, Buttgereit 
F.  Dose-related patterns of glucocorticoid-induced side effects. Ann Rheum Dis. 
2009;68:1119–24. https://doi.org/10.1136/ard.2008.092163.

 43. Xing D, Yang Y, Ma X, Ma J, Ma B, Chen Y. Dose intraarticular steroid injection increase the 
rate of infection in subsequent arthroplasty: grading the evidence through a meta-analysis. J 
Orthop Surg Res. 2014;9:107-014-0107-2. https://doi.org/10.1186/s13018- 014- 0107- 2.

 44. Tellegen A, Beukers M, Rudnik-Jansen I, et  al. Intra-articular slow-release triamcinolone 
acetonide from polyesteramide microspheres as a treatment for osteoarthritis. Pharmaceutics. 
2021;13(3):372. https://doi.org/10.3390/pharmaceutics13030372. Published 2021 Mar 11

 45. Sanghani-Kerai A, Black C, Cheng SO, Collins L, Schneider N, Blunn G, Watson F, Fitzpatrick 
N. Clinical outcomes following intra-articular injection of autologous adipose-derived mes-
enchymal stem cells for the treatment of osteoarthritis in dogs characterized by weight- 
bearing asymmetry. Bone Joint Res. 2021;10:650–8. https://doi.org/10.1302/2046- 3758.1010.
BJR- 2020- 0540.R1. PMID: 34628940; PMCID: PMC8559970

 46. Alves JC, Santos A, Jorge P. Platelet-rich plasma therapy in dogs with bilateral hip osteoar-
thritis. BMC Vet Res. 2021;17(1):207. https://doi.org/10.1186/s12917- 021- 02913- x. PMID: 
34090433; PMCID: PMC8180029

 47. Hadley HS, Wheeler JL, Petersen SW. Effects of intra-articular botulinum toxin type A (Botox) 
in dogs with chronic osteoarthritis. Vet Comp Orthop Traumatol. 2010;23(4):254–8. https://
doi.org/10.3415/VCOT- 09- 07- 0076. Epub 2010 Jun 21. PMID: 20585713

 48. Heikkilä HM, Hielm-Björkman AK, Morelius M, Larsen S, Honkavaara J, Innes JF, 
Laitinen-Vapaavuori OM.  Intra-articular botulinum toxin A for the treatment of osteoar-
thritic joint pain in dogs: a randomized, double-blinded, placebo-controlled clinical trial. Vet 
J. 2014;200(1):162–9. https://doi.org/10.1016/j.tvjl.2014.01.020. Epub 2014 Feb 5. PMID: 
24675370

 49. Nicácio GM, Luna SPL, Cavaleti P, Cassu RN. Intra-articular botulinum toxin A (BoNT/A) for 
pain management in dogs with osteoarthritis secondary to hip dysplasia: A randomized con-

19 Botulinum Toxin Treatment for Pain Indications in Veterinary Medicine

https://doi.org/10.3390/toxins11090510
https://doi.org/10.1097/01.AOG.0000237100.29870.cc
https://doi.org/10.1002/ana.21427
https://doi.org/10.1002/ana.21427
https://doi.org/10.1016/S0140-6736(14)60802-3
https://doi.org/10.1016/s0195-5616(97)50076-3
https://doi.org/10.1038/s41598-018-23940-z
https://doi.org/10.1038/s41598-018-23940-z
https://doi.org/10.1136/ard.2008.092163
https://doi.org/10.1186/s13018-014-0107-2
https://doi.org/10.3390/pharmaceutics13030372
https://doi.org/10.1302/2046-3758.1010.BJR-2020-0540.R1
https://doi.org/10.1302/2046-3758.1010.BJR-2020-0540.R1
https://doi.org/10.1186/s12917-021-02913-x
https://doi.org/10.3415/VCOT-09-07-0076
https://doi.org/10.3415/VCOT-09-07-0076
https://doi.org/10.1016/j.tvjl.2014.01.020


411

trolled clinical trial. J Vet Med Sci. 2019;81(3):411–7. https://doi.org/10.1292/jvms.18- 0506. 
Epub 2019 Jan 15. PMID: 30643103; PMCID: PMC6451911

 50. French J, Gronseth G.  Lost in a jungle of evidence: we need a compass. Neurology. 
2008;71(20):1634–8. https://doi.org/10.1212/01.wnl.0000336533.19610.1b. PMID: 19001254

 51. Gronseth G, French J.  Practice parameters and technology assessments: what they are, 
what they are not, and why you should care. Neurology. 2008;71(20):1639–43. https://doi.
org/10.1212/01.wnl.0000336535.27773.c0. PMID: 19001255

 52. Heikkilä HM, Jokinen TS, Syrjä P, Junnila J, Hielm-Björkman A, Laitinen-Vapaavuori 
O. Assessing adverse effects of intra-articular botulinum toxin A in healthy Beagle dogs: a 
placebo-controlled, blinded, randomized trial. PLoS One. 2018;13(1):e0191043. https://doi.
org/10.1371/journal.pone.0191043. PMID: 29320549; PMCID: PMC5761897

 53. Alvandipour M, Tavallaei M, Rezaei F, Khodabakhsh H.  Postoperative outcomes of intra-
sphincteric botox injection during hemorrhoidectomy: a double-blind clinical trial. J Res Med 
Sci. 2021;26:53. https://doi.org/10.4103/jrms.JRMS_612_18. PMID: 34729061; PMCID: 
PMC8506240

 54. Blaha L, Chouliaras K, White A, McNatt S, Westcott C.  Intraoperative botulinum 
toxin Chemodenervation and analgesia in Abdominal Wall reconstruction. Surg Innov. 
2020;24:1553350620975253. https://doi.org/10.1177/1553350620975253. Epub ahead of 
print. PMID: 33234030

 55. Shandilya S, Mohanty S, Sharma P, Chaudhary Z, Kohli S, Kumar RD. Effect of preopera-
tive intramuscular injection of botulinum toxin a on pain and mouth opening after surgical 
intervention in temporomandibular joint Ankylosis cases: a controlled clinical trial. J Oral 
Maxillofac Surg. 2020;78(6):916–26. https://doi.org/10.1016/j.joms.2020.02.011. Epub 2020 
Feb 19. PMID: 32171600

 56. Gabriel A, Champaneria MC, Maxwell GP.  The efficacy of botulinum toxin a in post- 
mastectomy breast reconstruction: a pilot study. Aesthet Surg J. 2015;35(4):402–9. https://doi.
org/10.1093/asj/sjv040. Epub 2015 Mar 29. PMID: 25825421

 57. Vilhegas S, Cassu RN, Barbero RC, Crociolli GC, Rocha TL, Gomes DR. Botulinum toxin 
type A as an adjunct in postoperative pain management in dogs undergoing radical mastec-
tomy. Vet Rec. 2015;177(15):391. https://doi.org/10.1136/vr.102993. Epub 2015 Oct 7. PMID: 
26446882

 58. Wylie CE, Collins SN, Verheyen KL, Richard NJ. Frequency of equine laminitis: a systematic 
review with quality appraisal of published evidence. Vet J. 2011;189(3):248–56. https://doi.
org/10.1016/j.tvjl.2011.04.014. Epub 2011 Jun 12. PMID: 21665498

 59. Mitchell CF, Fugler LA, Eades SC.  The management of equine acute laminitis. Vet Med 
(Auckl). 2014;6:39–47. https://doi.org/10.2147/VMRR.S39967. PMID: 30101095; PMCID: 
PMC6067769

 60. Hopster K, Driessen B.  Pharmacology of the equine foot: medical pain management for 
laminitis. Vet Clin North Am Equine Pract. 2021;37(3):549–61. https://doi.org/10.1016/j.
cveq.2021.08.004. Epub 2021 Oct 19. PMID: 34674911

 61. Eastman TG, Honnas CM, Hague BA, Moyer W, von der Rosen HD.  Deep digital flexor 
tenotomy as a treatment for chronic laminitis in horses: 35 cases (1988–1997). J Am Vet 
Med Assoc. 1999;214(4):517–9. Erratum in: J Am Vet Med Assoc 1999 Apr 15;214(8):1217. 
PMID: 10029854

 62. Hardeman LC, van der Meij BR, Oosterlinck M, Veraa S, van der Kolk JH, Wijnberg ID, et al. 
Effect of Clostridium botulinum toxin type A injections into the deep digital flexor muscle on 
the range of motion of the metacarpus and carpus, and the force distribution underneath the 
hooves, of sound horses at the walk. Vet J. 2013;198:e152–6.

 63. Wijnberg ID, Hardeman LC, van der Meij BR, Veraa S, Back W, van der Kolk JH. The effect of 
Clostridium botulinum toxin type A injections on motor unit activity of the deep digital flexor 
muscle in healthy sound Royal Dutch sport horses. Vet J. 2013;1(198):e147–51.

References

https://doi.org/10.1292/jvms.18-0506
https://doi.org/10.1212/01.wnl.0000336533.19610.1b
https://doi.org/10.1212/01.wnl.0000336535.27773.c0
https://doi.org/10.1212/01.wnl.0000336535.27773.c0
https://doi.org/10.1371/journal.pone.0191043
https://doi.org/10.1371/journal.pone.0191043
https://doi.org/10.4103/jrms.JRMS_612_18
https://doi.org/10.1177/1553350620975253
https://doi.org/10.1016/j.joms.2020.02.011
https://doi.org/10.1093/asj/sjv040
https://doi.org/10.1093/asj/sjv040
https://doi.org/10.1136/vr.102993
https://doi.org/10.1016/j.tvjl.2011.04.014
https://doi.org/10.1016/j.tvjl.2011.04.014
https://doi.org/10.2147/VMRR.S39967
https://doi.org/10.1016/j.cveq.2021.08.004
https://doi.org/10.1016/j.cveq.2021.08.004


412

 64. Hardeman LC, van der Meij BR, Back W, van der Kolk JH, Wijnberg ID. The use of electro-
myography interference pattern analysis to determine muscle force of the deep digital flexor 
muscle in healthy and laminitic horses. Vet Q. 2015;36(1):10–5.

 65. Carter DW, Renfroe BJ. A novel approach to the treatment and prevention of laminitis:botulinum 
toxin type a for the treatment of laminitis. J Equine Vet. 2009;29(7):595–600.

 66. Nibeyro SDG, White Na II, Wepy NM. Outcome of medical treatment for horses with foot 
pain: 56 cases. Equine Vet J. 2010;42(8):680–5.

 67. DePuy T, Howard R, Keegan K, Wilson D, Kramer J, Cook JL, et al. Effects of intra-articular 
botulinum toxin type A in an equine model of acute synovitis: a pilot study. Am J Phys Med 
Rehabil. 2007;86(10):777–83.

 68. Bakheit AM, Ward CD, McLellan DL.  Generalised botulism-like syndrome after intra-
muscular injections of botulinum toxin type A: a report of two cases. J Neurol Neurosurg 
Psychiatry. 1997;62(2):198. https://doi.org/10.1136/jnnp.62.2.198. PMID: 9048725; PMCID: 
PMC486736

 69. Helga Heikkila. Chapter 17. In: Bahman Jabbari, editor. Botulinum toxin treatment in surgery, 
dentistry and veterinary medicine. Cham: Springer; 2020. p. 337–357.

19 Botulinum Toxin Treatment for Pain Indications in Veterinary Medicine

https://doi.org/10.1136/jnnp.62.2.198


413© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
B. Jabbari, Botulinum Toxin Treatment of Pain Disorders, 
https://doi.org/10.1007/978-3-030-99650-5_20

Chapter 20
Future Prospects of Pain Treatment 
with Botulinum Neurotoxins

 Introduction

Botulinum neurotoxins (BoNT) have been shown to inhibit the release of pain 
mediators and pain transmitters such as glutamate, calcitonin gene-related peptide, 
and substance P from sensory nerve endings and sensory neurons [1–15]. BoNT-A 
is already widely used in clinical practice for treatment of chronic migraine. Small 
blinded studies have also demonstrated the efficacy of all three commonly used 
BoNTs (ona, abo, and inco) in several neuropathic pain disorders paving the way for 
larger clinical trials in this area (Chaps. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18 and 19 of this book).

It has been known for years that BoNTs block the release of acetylcholine in 
neuromuscular junction via targeting synaptic SNARE proteins [16]. In recent 
years, investigators have shown that SNARE proteins are also expressed on the 
surface of the peripheral and central sensory neurons [17]. The antinociceptive 
effect of BoNT injections in human pain disorders, as described in Chaps. 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 and 19 of this book, can be partly related to 
the toxins effect on sensory neurons. Further published data indicates that peripher-
ally injected BoNTs reach the central nervous system through retrograde transmis-
sion and in the central nervous system the cleaved SNAP 25 (SNARE protein 
targeted by type A toxins) is able to move from one cell to another via transcytosis 
[18–20].

In the past few years, a consorted effort by basic scientists and neurotoxicolo-
gists focused on developing toxin molecules that can specifically target sensory 
neurons and/or specific nociceptive sensory receptors. Such products have the 
potential to enhance the antinociceptive activity of the toxin and, theoretically, do 
not affect the neuromuscular junction. As a result, several toxin chimeras have been 
developed that target different sensory receptors at different levels [21]. These 
genetically engineered neurotoxins have already shown efficacy in different animal 
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models of pain (see below). These animal investigations have paved the way for 
human studies which are currently being designed to test the clinical efficacy of 
these compounds in human pain disorders.

 Botulinum Neurotoxin Chimeras and Their Role 
in Pain Management

The molecular structure of botulinum neurotoxins contains three functionally dis-
tinct domains: binding, translocating, and catalytic (Fig.  20.1). As discussed in 
Chap. 2, the first two domains are included in the heavy chain (HC,100 KD) of the 
toxin, whereas the light chain (LC, 50 KD) catalyzes and inactivates the SNARE 
proteins at synapse preventing the release of neurotransmitters from the presynaptic 

Fig. 20.1 Structure of botulinum toxin A. Light (L) and heavy (H) chains are connected by a 
disulfide bond. (Reproduced under creative commons attribution. From Cai et al. Micro-organisms, 
2021 [22]. Courtesy of PMC publisher)
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vesicles. The HC is a 100 KD protein and has two terminals, N and C. Through its 
C terminal, the heavy chain binds to the synaptic membrane receptors (ganglioside, 
SV2 in case of BoNT-A). Following binding, HC moves the toxin molecule through 
the synaptic membrane to the cell’s interior. The light chain is a zinc-endopeptidase 
protein which is bound to the HC by a disulfide bond. Once inside, the light chain is 
detached from the HC and acts upon the synaptic proteins (SNARE) to block their 
function (vesicular membrane fusion and transmitter release). The function of vari-
ous domains of the toxin varies between different BoNT serotypes. For instance, the 
binding domain of one toxin may show strong affinity for one cell receptor and 
weak affinity for another. BoNTs A and E cleave SNARE protein SNAP25, BoNT-C 
cleaves SNAP25 and Syntaxin, and BoNT-B, BoNT-D, BoNT-F, and BoNT-G 
cleave vesicle-associated membrane proteins (VAMP, 1,2,3). The protease of newly 
discovered BoNT-X is unique as it cleaves VAMP1, 2, 3, 4, and 5 and Ykt6.

Botulinum neurotoxin chimeras are genetically engineered molecules with com-
bined domains from different toxins in order to improve the overall function of the 
toxins. Usually, a chimera is stronger than either of the two parent toxins. In recent 
years, the use of such chimeras in animal models has been able to induce less or 
more paralytic toxin effect, longer duration of toxins’ action, or more specifically 
target certain cells (neuron or non-neuron). Pertaining to pain treatment, there are 
toxin chimeras which target specifically the sensory neurons.

The A/E chimera is an example of engineered toxin with antinociceptive activity. 
The efficacy of BoNT-A in treatment of chronic migraine has been attributed, at 
least in part, to inhibition of the release of calcitonin gene-related peptide (CGRP), 
a potent pro-inflammatory pain mediator [23]. Release of CGRP has been also 
implicated in the burning pain resulting from exposure to capsaicin (the chemical 
contained in hot pepper). Capsaicin exerts its effect by activating the transient recep-
tor potential vanilloid receptor type 1 (TRPV1), expressed abundantly on the sur-
face of sensory neurons of dorsal root ganglia (DRG) [24]. Activation of TRPV1 is 
essential for exocytosis of CGRP and requires an intact SNAP 25 function. However, 
neither BoNT-A nor BoNT-E by itself can alleviate or prevent the neuropathic pain 
caused by exposure to this agent. BoNT-E is more potent than A and acts faster than 
A on SNAP 25, but it has a shorter duration of action. It has been postulated that 
failure of BoNT-E in alleviating capsaicin-induced pain may be related to the pau-
city of specific binding receptors for this toxin on the surface of sensory cells. It has 
been hypothesized that an A/E toxin chimera may be effective against capsaicin- 
induced neuropathic pain using the powerful binding action of the type A toxin. A 
BoNT-A/E chimera has been engineered in which the HC domain of BoNT-A binds 
the toxin to sensory neuron’s surface and by making a channel in the cell membrane 
translocates the E-protease into the synapse. This chimera effectively blocks the 
release of CGRP from TRP1 receptors in response to capsaicin exposure in cell 
cultures of sensory neurons [25]. Additional studies have shown that A/E chimera 
also prevents emergence of capsaicin-induced pain in animals as judged by allevia-
tion of the behavioral manifestations of pain after peripheral exposure [4, 26].
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Rosetti-Escargueil and Propoff reviewed the literature on recently genetically 
engineered toxins and have provided a list of important contributions in this area 
(Table 20.1) [4].

Ferrari et al. [21] assembled a chimera of BoNT-A and tetanus toxin using a new 
technology of “protein stapling.” Through this method, the C domain protease of 
BoNT-A was combined with the binding domain of the tetanus toxin. Tetanus toxin 
naturally attaches itself to central neurons. The flaccid or spastic paralysis, charac-
teristic of exposure to BoNT-A, and tetanus toxin were not observed in the rats 
injected intrathecally with the chimera. Measurements of the paralytic effect of the 
chimera have shown that it is negligible and 11,000 times less than either parent 
toxin. The rats were then injected with Freund’s adjuvant in the hind paw to cause 
local inflammation, inflammatory pain, and mechanical hypersensitivity. The ani-
mals pretreated with the novel chimera demonstrated significantly less mechanical 
hypersensitivity compared to the control animals that had been pretreated with 
saline. Cleavage of SNAP 25 was noted in approximately half of the sensory dorsal 

Table 20.1 BoNTs engineering applications

BoNT Modification Application
Reference 
(s)

BoNT Re-engineering of target 
specificity

Chronic pain [27]

BoTIMs Full length BONT 
incorporation—Inactive LC/A 
and LC/E

Prolonged effect in various pain 
states including chronic pain

[28–30]

BoNT/Bmy Mutations enhancing binding to 
human synaptotagmin II, 
mutations of lipid binding loop

Enhanced efficacy [31–34]

LC/B Mutations of substrate 
recognition pocket

Novel therapy to escape 
immunoresistance in BoNT/B 
therapy

[35]

BoNT/LC LC mutations Maintains cleavage of syntaxin [36, 37]
BoNT/B, 
triple 
mutant

Mutations producing protonation 
of residues involved in 
translocation process

Increased neurotoxicity due to 
faster neurotoxin cytosolic 
delivery of enzymatic domain

[38]

BoNT-A Protein stapling allowing 
BoNT/A re-assembly in situ

Development of neuronal 
modulation agents

[39]

BoNT-A 
and E 
chimera

Chimera construction Targeting specific population of 
neurons or secretory cells

[40]

BoNT/LC Vector expressed transgenic 
BoNT/LC

Stable, selective and controllable, 
BoNT/LC in different neuronal 
types

[5]

BoNTS Ligation to agents targeting 
BoNT delivery to specific cell 
types

Pain relief, reduction of 
inflammation and neuropathic 
pain

[41]

Form Rosetti-Scargueil and Propoff (slightly modified)—Toxins 2021—Courtesy of publisher. 
Reproduced under Creative Commons Attribution License
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root ganglia neurons, indicating resistance of a population of sensory neurons to this 
chimera. The investigators concluded that pain-conducting mechanoreceptors in the 
rat are located in tetanus toxin binding neurons and the novel chimera of BoNT-A/
tetanus toxin has a potential for treating pain in human subjects.

Using the protein stapling technique, Andreou et al. [42] recently engineered a 
new botulinum toxin named BiTox-AA in which the binding parts of BoNT-A are 
doubled. This toxin with heavier molecular weight than the original BoNT-A toxin 
has 100 times less paralyzing effect than the native BoNT-A when injected into the 
gastrocnemius muscle. This property of Bitox-AA makes it suitable for use in pain 
disorders where pain originates from spasm of large muscles. Currently, use of large 
doses of native BoNT-A in such conditions is limited due to its paralyzing effect. 
Furthermore, the authors have shown that Bitox-AA specifically targets the sensory 
neurons. In animal models of trigeminal pain, BiTox-AA demonstrated significant 
efficacy in blocking activation of the trigeminal system and reducing trigeminal 
hyperalgesia, hence making it suitable for treatment of human migraine.

 Botulinum Toxin as a Protein Transporter

The capacity of botulinum neurotoxin molecule to move a 50KD protein (light 
chain-LC) through synaptic membrane has inspired attempts to use BoNTs as vehi-
cles to carry small size proteins into cells for therapeutic purposes. A variety of 
approaches has been used in recent years including gene transfer into neuroblas-
toma cells and transport of viral vectors into neural cells [43]. Ma et al. [44] engi-
neered a recombinant small molecule antibody, scFv, which works against the P2X3 
nociceptive receptor; P2X3 is believed to play a major role in the development of 
inflammatory pain [45]. Drugs that reduce the action of this purinergic ATP- 
activated receptor have been shown to alleviate neuropathic inflammatory pain [46]. 
A fused protein was generated by ligating the gene of scFv antibody to the gene of 
BoNT-A [44]. This compound enters the sensory neurons that have P2X3 receptors 
and cleaves the SNAP 25. The cleavage of SNAP 25 with this novel protein occurs 
in much lower concentration (at 0.1 nm level) compared to BoNT alone (at 100 nm). 
The novel protein also inhibited the release of CGRP from the sensory neu-
rons (DRG).

 More Recent Innovations

Blum et al. [47], through phage-assisted technology, were able to retarget the prote-
ases of BoNT-X and BoNT-E, opening a new area of retargeting BoNT proteases 
that can have distinct utility in many areas of medicine. The technique couples the 
desired properties of certain protease domains to the infectivity of a bacteriophage 
(virus that replicates inside bacteria) and allows it to rapidly evolve over many 
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generations. It offers a significant potential for treatment of chronic pain, as prote-
ase domains of BoNTs may specifically cleave proteins that are involved in pain 
sensation [48].

Wang et al. [49] identified a promoter for Pirt (phosphoinositide interacting regu-
lator of TRP) and cloned it into a lentiviral vector that was able to drive trans-gene 
selectivity into peripheral sensory neurons. Pirt is naturally expressed in peripheral 
sensory neurons. This viral mediated expression of the rapidly cleaved SNAP 25 in 
the sensory neurons, downregulated expression of pain-related genes in cultures of 
sensory neurons; these genes are usually stimulated by pro-inflammatory cytokines. 
The downregulated genes include calcitonin gene-relater peptide 2, TRP1, and 
sodium voltage-gated channel subunit 9, among others. The authors emphasized the 
potential of this technique for treatment of pain disorders.

A new BoNT named CCUG 7968 (INI101) has been developed recently [50]. 
This toxin, although unlike other BoNTs, is not a Hall A toxin strain and acts the 
same as currently utilized neurotoxins after intramuscular injection. This new toxin 
blocks release of acetylcholine from neuromuscular junction and causes reversible 
muscular atrophy. It produces no toxicity in rats with the applied dose of 2–8 units. 
Compared to currently used BoNTs, INI101 shows less perfusion into the surround-
ing tissue. This toxin’s effect on sensory neurons and pain needs to be explored.

Allen et al. [51] recently engineered a BoNT chimera (C2C) that selectively tar-
geted the sensory neurons and after intramuscular injection relieved inflammatory 
pain in rats. This C1-C2 hybrid causes actin remodeling through protein ribosyl-
ation of G-Actin. Mice injected subcutaneously by C2C demonstrated colonization 
of C2C with CGRP positive neurons and fibers, but not with motor neurons and 
fibers. Furthermore, subcutaneous injection C2C toxin in mice suffering from pain 
related to formalin injection, similar to opioids, reduced pain in 90% of the tested 
animals.

The newly engineered BoNT-Bs [52] can also have the potential to treat human 
pain. Native BoNT-B after intramuscular injection reduces the effect of substance P 
in DRG and spinal neurons [3]. The engineered BoNT-Bs (rBonT-Bmy) and 
(rBoNT-Bqw) show enhanced affinity for attachment to known cell surface receptor 
of the BoNT-B toxin, namely, synaptotagmin 2 (hSyt2). It is believed that this prop-
erty enhances the action of the engineered B toxin and makes it more effective than 
the native toxin.

 Comment

Recent advances in genetic engineering have led to development of several BoNT 
chimeras with a potential for targeting peripheral and spinal sensory neurons. 
Furthermore, the newly engineered BoNTs have more efficacy and less toxicity. The 
recently developed, novel phage-assisted technique that uses viral bacteriophage 
has a great potential to deliver different proteases (including that of botulinum tox-
ins) to different cells among them the sensory neurons. These scientific advances 
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will hopefully improve the prospect of BoNT therapy in human chronic pain 
disorders.
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