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Preface

Over the past 30 years, botulinum toxins A and B have proved efficacious in treat-
ment of the symptoms of a variety of chronic medical disorders. Currently, the 
FDA-approved indications of Botulinum Neurotoxin (BoNT) therapy include cervi-
cal dystonia, blepharospasm, hemifacial spasm, chronic migraine, adult and child-
hood spasticity, sialorrhea, axillary hyperhidrosis, neurogenic bladder, overactive 
bladder as well as aesthetic indications (frown lines, wrinkles, glabellar lines). The 
medical use of botulinum toxins have been discussed in several recently published 
books including three previous books of this editor.

For the past 15 years, an increasing number of publications have demonstrated 
the utility of BoNT therapy in post-surgical pain as well as in dentistry and veteri-
nary medicine; hence, it became apparent that a book with information on these 
novel applications could benefit the medical community. This book, Botulinum 
Toxin Treatment in Surgery, Dentistry and Veterinary Medicine, is designed to pro-
vide updated information on the utility of BoNT therapy in these fields. In this book, 
the history of BoNTs is discussed in Chap. 1, molecular structure and mechanisms 
of actions in Chap. 2, differences in the variety of available BoNTs in Chap. 3 and 
the already established medical indications of BoNT therapy in Chap. 4. Chapters 
5–15 discuss different surgical indications of BoNTs. Chapter 16 is on dentistry and 
Chap. 17 discusses indications in veterinary medicine. Chapter 18, Future 
Perspectives, addresses potential future uses of BoNTs in dentistry.

I am grateful to the authors of different chapters of this book who accepted to 
write various chapters in their busy schedule. Drs. Fattaneh Tavassoli and Shahroo 
Etemad-Moghadam furnished valuable editorial help. Tahereh Mousavi, M.D., and 
Damoun Safarpour, M.D., provided the drawings for this book. Carolyn Spence 
from Springer was the source of constant guidance and encouragement.

Hopefully, this book will help surgeons, dentists and veterinarian in their prac-
tice, ultimately benefitting the patients.

New Port Coast, CA, USA  Bahman Jabbari
   February 9, 2020
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Chapter 1
The History of Botulinum Neurotoxins: 
From 1820 to 2020

Bahman Jabbari

Abstract Nearly 200 years ago (1820), a young German physician Justinus Kerner 
predicted that the agent responsible for “sausage poisoning “could have therapeutic 
implications. The agent Clostridium botulinum was discovered at the end of the 
nineteenth century by the Belgian bacteriologist Emile Van Ermengem. Close to 
end of World War II, the toxin was isolated and purified by Lamanna and Duff and 
was prepared and produced for clinical use by Schantz. Allen Scott, following a 
series of studies in monkeys, published the first utility of botulinum neurotoxin 
(BoNT) in humans for correcting strabismus in 1980. The past 40 years witnessed 
the development of vast clinical indications of botulinum neurotoxin (BoNT) ther-
apy. This chapter, in addition to the older historical data, also briefly discusses the 
contribution of some of contemporary basic scientists and clinical neurotoxicolo-
gists who are responsible for the therapeutic success of BoNT therapy in medical 
and surgical fields.

Keywords History of botulinum toxin ·  Sausage poisoning ·  Justinus Kerner ·  
Van Ermengem ·  Allen Scott

 Introduction

Nearly 200 years has passed since 1820 when Justinus Kerner published the first 
comprehensive account of botulinum toxin intoxication, then known as sausage poi-
soning. The part of southern Germany where Kerner was born and practiced medi-
cine, Swabia (now Bavaria and Baden-Wurttemberg) had been experiencing 
outbreaks of “sausage poisoning” during the second half of the eighteenth century. 
These outbreaks increased during the Napoleonic Wars (1796–1813) when the rav-
ished area suffered from poverty and smoking the sausage was performed under 
poor hygienic conditions. The issue of sausage poisoning was discussed during 
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these years in the Department of Medical Affairs of Kingdom of Wurttemberg sev-
eral times seeking opinions from University professors in Tuningen and Stuttgart. A 
new outbreak in 1815, during which three of seven intoxicated patients died, further 
put demands on the medical community of the region to find the cause and remedy 
of sausage poisoning.

Justinus Kerner (Fig. 1.1), as a young physician and a native of the land, took an 
interest in the issue and first published a brief account of this illness in 1817. His 
more detailed paper of 1820 was based on observation of 76 patients. In this paper, 
Kerner described nearly all major symptoms of botulinum toxin intoxication, as we 
recognize today such as muscle weakness, paralysis of eye muscles, difficulty in 
swallowing, dry mouth, and some other signs of autonomic dysfunction. He then 
reported a larger observation on 155 patients in 1922. This was followed by a series 
of in vivo animal experimentations including a brief experiment on himself where 
he noticed severe dryness of the mouth after placing a small fragment of a spoiled 
sausage on his tongue. He concluded from his experiments that the toxin, poten-
tially lethal, develops in the spoiled sausage in anaerobic milieu and exerts its ill 
effect mainly upon the motor and autonomic systems, sparing the sensory system 
(Fig. 1.2).

Kerner was the first to suggest that the “fatty toxin” in the spoiled sausage could 
find medicinal use in the future, especially in the area of hyperactive (hyperkinetic) 
movement disorders due to its muscle weakening effect; as an example, he men-
tioned the involuntary movement of chorea. Kerner also believed that, contrary to 
the common belief of the time that the culprit in the spoiled sausage was a chemical 
(fatty acid, prussic acid), it was probably a biologic (zoonotic) toxin.

We owe much of the information about Kerner to the German medical historian 
FJ Erbguth who has researched and described in detail Kerner’s medical accom-
plishments in a series of articles [1–3]. Kerner was also an accomplished poet and 
avid traveler who was considered by Hermann Hesse  – the Nobel Laureate of 

Fig. 1.1 Swabia with its capital Augsburg located between Munich and Stuttgart

B. Jabbari



3

Germany (1946) – as one of the three true German poets of his era. Interestingly, 
poisoning from blood sausage was recognized during the medieval era as well. The 
Byzantine emperor Leo the IV (750–780 AD) signed an order to stop the making 
and eating of blood sausage prepared in the pig stomach [4].

The next major event was the discovery of the responsible agent in 1895. On 
December 14, 1895, a group of 34 musicians who had attended a funeral became 
very sick and developed signs of botulism after consuming spoiled ham. Three of 
the 34 musicians died. The ham was sent to Emile Van Ermengem, professor of 
bacteriology at Ghent University, Belgium (Fig. 1.3a). Ermengem was able to pro-
duce similar signs of illness in animals after injecting them with the tissue contain-
ing the toxin. His microscopic examination revealed anaerobic Gram-positive, 
rod-shaped bacteria in the spoiled ham and tissue obtained from the dead musicians; 
he named the organism Bacillus botulinus, believing it to be the source of the culprit 
toxin in the ham (Fig. 1.3b).

In 1919, A. Burke from Stanford University published a paper on the serological 
types of botulinum toxins defining type A and type B toxins. In 1924, at the sugges-
tion of Ida Bengtson, a Swedish-American bacteriologist, the name Bacillus 

Fig. 1.3 (a) Emile Van Ermengem 1851–1932. (b) Clostridium botulinum. (From FJ Erbguth 
reproduced with permission from Springer)

Fig. 1.2 Justinus Kerner 
1786–1862. (From Erbguth 
reproduced with permission 
from Springer)

1 The History of Botulinum Neurotoxins: From 1820 to 2020
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botulinus was changed to Clostridium botulinum. The word clostridium is derived 
from Greek word “Kloster,” meaning spindle. The genus Clostridium includes a 
group of anaerobic bacteria such as Clostridium tetani responsible for the produc-
tion of tetanus toxin.

During World War II, all parties were very interested to purify and develop botu-
linum toxin both as a weapon and to find measures to protect the soldier in case of 
exposure. Close to the end of the war, James Lamanna and Richard Duff working at 
Fort Detrick, Maryland, a US Army facility, discovered a technique to crystalize and 
concentrate botulinum toxin. In 1946, Edward Schantz, working at the same facility, 
purified and produced a large amount of the toxin. Schantz then moved to the 
University of Wisconsin where, in collaboration with Erik Johnson (Fig. 1.4), he 
further refined the toxin and made it available for clinical research.

In 1949, the British investigator A. Burgen and his colleagues discovered that the 
paralytic effect of botulinum neurotoxin is related to its effect on the neuromuscular 
junction via blocking the release of acetylcholine [5]. In 1964, Daniel Drachman at 
Johns Hopkins using Schantz’s toxin demonstrated that injection of botulinum toxin 
A into the hind limb of chicken’s embryo can cause a dose-dependent muscle weak-
ness and atrophy [6]. His work came to the attention of Allen Scott (Fig. 1.5) and his 
colleague Carter Collins, ophthalmologists in San Francisco, who were interested in 
improving strabismus in children by methods other than surgery. At that time, their 
research focused on injection of anesthetic agents into monkey’s eye muscles under 
electromyographic guidance.

For the next decade, Dr. Scott, borrowing botulinum toxin from Edward Schantz 
laboratory in Wisconsin, conducted a series of experiments in monkeys by injecting 
the toxin into the extraocular muscles. His seminal publication in 1973 showed that 
injection of botulinum toxin can weaken the eye muscle of the monkeys, and this 
selective weakening had the potential of improving strabismus. His subsequent 
important work published in 1980 on 67 patients under an FDA-approved protocol 
demonstrated that BoNT injection into selected eye muscles can indeed improve 

Fig. 1.4 Edward Schantz 
and Erik Johnson. (From 
Dressler and 
Roggenkaemper, 
reproduced by permission 
from Springer)

B. Jabbari
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strabismus in human subjects [7]. During the 1980s in a number of small open label 
studies, Scott and his colleagues showed that injection of BoNTs into the face can 
improve hyperactive face movements such as blepharospasm and hemifacial spasm. 
Scott was also first to show that injection of 300 units of onabotulinumtoxinA (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 in the 1980s, ultimately 
resulting in FDA approval of botulinum toxin A in 1989 for blepharospasm, hemi-
facial spasm, and strabismus (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 the toxin distribution and 
marketing.

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 biologist and basic scientists; the contributions of some of them are 
described briefly at the end of this chapter (Fig. 1.6).

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 and surgical conditions [9]. More 
recently, its use has been extended to the field of dentistry and veterinary medicine 
(Chaps. 16, 17, and 18 of this book). Other botulinum neurotoxins (incobotulinum-
toxinA, abobotulinumtoxinA) and BoNT-B (rimabotulinumtoxinB) have found to 
be effective in several medical and surgical conditions as well. 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 

Fig. 1.5 Dr. Alan Scott 
who pioneered BoNT 
therapy in humans. (From 
FJ Erbguth reproduced 
with permission from 
Springer)

1 The History of Botulinum Neurotoxins: From 1820 to 2020
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Table 1.1 Important timelines of botulinum toxin (BoNT) development for clinical use

Year Investigator(s)/FDA approvals Comment

1820–
1822

Justinus Kerner Describes details of botulism; predicted 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 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 Schantz’s toxin can be 
quantified and causes dose-dependent muscle 
weakness in chicks

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

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

1985–
1988

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

1989 FDA approval of type A toxin 
(oculinum – name later changed 
to Botox)

Blepharospasm, hemifacial spasm, and strabismus

1989–
present

FDA approved several other 
indications

Facial wrinkles, frown lines, cervical dystonia, 
chronic migraine, bladder dysfunction, upper and 
lower limb spasticity, axillary sweating

Fig. 1.6 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

B. Jabbari
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botulinum toxin A (prabotulinumtoxinA, Jeuveau) recently received approval for 
treatment of frown lines in the USA. Chapter 3 of this book describes the character-
istics of available and marketed botulinum toxins as well as their similarities and 
differences. The list of US marketed botulinum neurotoxins, their clinical indica-
tion, 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 for the current status of 

Table 1.2 Clinical indications approved by FDA for botulinum toxins marketed in the USA

Generic and trade 
names Abbreviation Manufacturer

Approved indication 
(FDA)

Year of 
FDA 
approval

OnabotulinumtoxinA;
Botox

OnaBoNT-A Allergan Inc.;
Dublin, Ireland

Blepharospasm
Hemifacial spasm
Strabismus
Cervical dystonia
Glabellar lines
Axillary 
hyperhidrosis
Chronic migraine
Upper limb spasticity
Neurogenic bladder
Lateral canthal lines
Overactive bladder
Adult lower limb 
spasticity
Forehead lines
Pediatric lower and 
upper limb Spasticity

1989
1989
1989
2000
2002
2004
2010
2010
2011
2013
2013
2016
2017
2019

IncobotulinumtoxinA;
Xeomin

IncoBoNT-A Merz Pharma
GmbH & Co;
Frankfurt,
Germany

Cervical dystonia
Blepharospasm
Glabellar lines
Adult upper limb 
Spasticity
Sialorrhea

2010
2010
2011
2015
2018

AbobotulinumtoxinA;
Dysport

AboBoNT-A Ipsen 
Pharmaceutical;
UK

Cervical dystonia
Glabellar lines
Adult upper limb 
spasticity)
Pediatric lower limb 
spasticity
Adult lower limb 
spasticity
Wrinkles

2009
2009
2015
2016
2017
2019?

RimabotulinumtoxinB;
Myobloc/Neurobloc

RimaBoNT-B US World 
Med-Solstice

Cervical dystonia
Sialorrhea

2009
2010

PrabotulinumtoxinA
Jeuveau

PraboBoNT-A Evolus Inc.;
Santa Barbara, CA

Frown lines 2019

1 The History of Botulinum Neurotoxins: From 1820 to 2020
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BoNT therapy in 2020. Some of the most influential individuals in this field are 
discussed below. The list is by no means complete.

 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 purification of the SNARE complex and provided pivotal evidence for 
establishing the central role of the SNARE complex (proteins targeted by botulinum 
toxins) in mediating membrane fusion. In 2013, Dr. Rottman was awarded the 
Nobel Prize in Medicine and Physiology.

Cesare Montecucco’s first seminal work on BoNTs was the proposal of the 
double-receptor model in 1986 that 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.

Gianmpietro 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, pro-
vided pivotal evidence for establishing the central role of the SNARE complex in 
mediating membrane fusion.

Matteo Caleo research on botulinum neurotoxins was devoted to their central 
effects. In collaboration with Cesare Montecucco in Padua and Gipi Schiavo in 
London, he demonstrated that BoNTs are retrogradely transported from the injected 
muscle along the axons of motoneurons and directly affect neurotransmission 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 

B. Jabbari
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botulinum neurotoxins and provided initial experimental evidence that the molecu-
lar basis of their exceptional specificity is based on a double recognition of the 
substrate, 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 neurotoxicologist 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 
spinal cord by different agents to achieve analgesia. He has been successful in pro-
ducing 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 of membrane traffic. Dr. De 
Camilli and his collaborators were to first to discover that the synapse protein tar-
geted by BoNT-A is SNAP-25 [17].

 Neurologists: Clinical Neurotoxicologists in the USA

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 
used specially in clinical trials of botulinum toxins. He is an outstanding teacher, 
who over the years has trained many fellows and young physicians for proficiency 

1 The History of Botulinum Neurotoxins: From 1820 to 2020
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in botulinum toxin treatment. As a prolific writer, his list of publication in Medline 
as of February 1, 2020, includes 177 articles on the subject of botulinum neurotox-
ins. Dr. Jankovic has held many important positions in national and international 
toxin-related forums. He is the recipient of lifetime achievement award at the inter-
national Toxin conference in 2019.

Mark Hallett, MD
Dr. Mark Hallett is Chief human motor control section in NINDS, National Institutes 
of Health at Bethesda, Maryland. As an internationally renowned figure in the field 
of movement disorders and clinical neurophysiology, Dr. Hallett has provided evi-
dence that intramuscular injection of botulinum toxins changes the electrophysiol-
ogy of muscle, peripheral nerves, and central nervous system. Under his watch, 
botulinum toxin treatment of movement disorders developed in NIH. Young and 
brilliant faculties such as Leonard Cohen, Barbara Illowsky Karp, Cordin Lungu, 
and Kathrine Alter developed expertise in different areas of their interest and rose to 
level of international experts in this field. His group conducted the most comprehen-
sive studies of BoNT therapy in task-specific dystonias (Medline articles related to 
BoNTs: 60). He is the recipient of life time achievement award in 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, axillary hyperhidrosis) 
(Medline articles related to BoNTs: 98).

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 USA. Her major 
area of work has been on investigating the effect of botulinum toxins in cervical 
dystonia. Through her efforts and those of her collaborators, all four marketed 
BoNTs in the USA received approval by FDA for US use in cervical dystonia. As 
an expert electromyographer, Dr. Comella defined precise injecting methods to tar-
get difficult neck muscles in cervical dystonia. Her educational workshops in the 
annual meetings of the American Academy of Neurology are popular and well 
received (Medline articles related to BoNTs: 55).

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 toxin work focuses on the study of BoNTs in spasticity. He and his 
colleagues have shown, in an important study, that up to 800  units of 
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incobotulinumtoxinA in one session can be used for treatment of poststroke spastic-
ity without 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: 36).

Daniel Troung, MD
Dr. Truong has been a major contributor to multicenter studies in 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 in many languages (Medline 
articles related to BoNTs: 40).

Bahman Jabbari, MD
Bahman Jabbari, emeritus professor 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, DC, and 
15 years later at Yale University School of Medicine in New Haven, CT. He and his 
colleagues were first to show the efficacy of BoNT therapy in plantar fasciitis and in 
nonsurgical low back pain. His most recent contribution is designing a special 
EMG-guided method that can significantly reduce the incidence of hand and finger 
weakness after BoNT injection into the forearm muscles of patients with Parkinson 
tremor and ET. Dr. Jabbari is the author of two books on botulinum toxin therapy 
and editor of two books on the same subject (Medline articles related to BoNTs: 45).

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

A group of investigators, expert in treatment of headache, through two well-designed 
multicenter, blinded clinical trials (PEEMPT I and II), demonstrated the efficacy of 
onabotulinumtoxinA injections in chronic migraine [19] 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 ther-
apy is now an established treatment for chronic migraine worldwide.

 Germany

Dirk Dressler, MD
Dr. Dressler, director of division of movement disorders in 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 
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during his training with late David Marsden in National Hospital of London (the 
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 Marsden’s group in London. Dr. Beneke 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 USA. The list 
of other German physicians with expertise in botulinum toxin therapy and signifi-
cant contributions to this field include (but 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 the Department of Neurology in 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 has shown 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 to 
2002 and as president of the Austrian Society of Neurology from 2002 to 2004. He 
is the author of a book entitled Botulinum Toxin in the Treatment of Cerebral Palsy 
(Medline articles related to BoNTs: 38).
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Chapter 2
Molecular Structure and Mechanisms 
of Action of Botulinum Neurotoxins

Ornella Rossetto and Marco Pirazzini

Abstract Botulinum neurotoxins (BoNTs) are a growing family of bacterial pro-
tein toxins that cause a generalized flaccid paralysis of botulism by inactivating 
neurotransmitter release at peripheral nerve terminals. They are the most potent 
toxins known thanks to the marvel of their protein design, which underlines their 
mechanism of action. Their unique biological properties have led them to become 
also highly effective and successful therapeutic agents for the treatment of a variety 
of human syndromes. This chapter reports the progress on our understanding of 
BoNTs, highlighting the different steps of their molecular mechanism of action as 
key aspects to explain their extreme toxicity but also their unique pharmacological 
properties.

Keywords Botulinum neurotoxins · Mechanism of action · SNAREs · Peripheral 
nerve terminal · Duration of paralysis

 Introduction

Botulinum neurotoxins (BoNTs) are a large family of bacterial protein toxins 
responsible for the animal and human neuroparalytic disease botulism. They are 
produced by bacteria of the genus Clostridia, but other bacteria of different classes 
may have the gene coding for BoNT or BoNT-like toxins and more than 40 different 
BoNT protein sequences have been described to date [1]. BoNT-producing Clostridia 
are widely distributed in the environment, including food particularly for Clostridium 
botulinum, where they can survive for a long time as spores. They are classified in 
eight different serotypes (BoNT/A, /B, /C, /D, /E, /F, /G and /X) on the basis of their 
immunological properties [2]. Among the BoNT serotypes, types A, B, E, and F are 
associated with botulism in both humans and animals, whereas BoNT/C and /D 
primarily cause disease in domestic animals. Many subtypes of serotypes are known 
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and designated with an arabic number (e.g., BoNT/A1-A8) in addition to chimeric 
neurotoxins (BoNT/CD, BoNT/DC, BoNT/FA), and this figure is bound to increase 
with expanding DNA sequencing of strains and novel isolates [3–6].

BoNTs are the most lethal toxins and their high toxicity is due to a multi-step 
molecular mechanism: they target peripheral nerve terminals by a unique mode of 
binding and enter into their cytosol where they cleave SNARE proteins, thus inhibit-
ing the neurotransmitter release. The specificity and rapidity of binding and its 
reversible action make BoNT a valuable pharmaceutical to treat neurological and 
non-neurological diseases characterized by hyperactivity of cholinergic nerve ter-
minals. Several BoNT preparations based on serotype A1 are licensed for clinical 
use, whereas only one is based on serotype B1 [7]. This chapter reports the progress 
on our understanding of botulinum neurotoxins, highlighting the structure–activity 
relationship of the BoNT domains and their multi-step molecular mechanism of 
action as key aspects to explain the extreme toxicity but also their unique pharma-
cological properties.

 Structural Organization of Botulinum Neurotoxins

BoNTs are produced by bacteria together with nontoxic accessory proteins to form 
high-molecular-weight progenitor toxin complexes (PTC) of various sizes. The 
toxin molecule interacts directly with a homologous non-toxic non-hemagglutinin 
component (NTNHA), with whom it forms a hand-in-hand shaped heterodimer 
named M-PTC (Fig. 2.1a). This is much more stable than BoNT alone to the acidic 
and proteolytic conditions found in the gastrointestinal tract [8] and in decaying 
biological materials where BoNT is produced. This heterodimer assembles with 
hemagglutinin components (HAs) or OrfX proteins to form higher molecular weight 
PTCs (L-PTCs/A1 ≈  500–900  kDa) (Fig.  2.1b), which rapidly dissociate under 
slightly alkaline physiologic solutions. HA proteins of PTCs present multiple 
carbohydrate- binding sites and are believed to mediate the binding of the complex 
to the intestinal mucus layer and the polarized intestinal epithelial cells of the intes-
tinal wall through which BoNTs enter into the lymphatic circulation and then in the 
blood circulation [9–11]. Among the major brands of BoNT/A for clinical use, ona-
botulinumtoxinA and abobotulinumtoxinA are purified PTCs, whereas incobotu-
linumtoxinA contains only the purified BoNT/A1 neurotoxin [7].

Despite the existence of a high number of isoforms, all the BoNT 150 kDa neu-
rotoxins are structurally similar and consist of two chains: a light chain (L, 50 kDa) 
and a heavy chain (H, 100 kDa) linked by an essential interchain disulfide bridge 
(Fig.  2.1a). The full-length crystal structures of BoNT/A1, BoNT/B1, BoNT/E1 
have been determined and reveal a three-domain architecture, composed of the L, 
HN (the N-terminal part of the H), and HC (the C-terminal part of H) (Fig. 2.1a) 
[12–14]. BoNT/A1 and BoNT/B1 have a linear domain arrangement, with the HC 
isolated from the L, while BoNT/E has a more-compact globular shape with the L 
and HC located on the same side of HN, with interactions between all three 
domains [15].
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The overall similar architecture of BoNTs is strictly linked to their common 
multi-steps mechanism of intoxication of nerve terminals. The L chain is a zinc- 
metalloprotease that specifically cleaves the three SNARE proteins necessary for 
neurotransmitter exocytosis; the HN domain assists the translocation of the L chain 
across the membrane of intraneuronal acidic vesicles into the cytosol; the HC 
domain is responsible for presynaptic binding and endocytosis and consists of two 
sub-domains (HC-N and HC-C) with different folding and membrane binding prop-
erties. Therefore BoNT is a modular nanomachine, which exploits its sophisticate 
design at each step of the intoxication process, thereby achieving an exquisite 
toxicity.

 The Conserved Mechanism of Nerve Terminal Intoxication

The modular structure of BoNTs has been shaped by the evolution to deliver the 
catalytic L chain into the nerve terminal. This remarkable result is attained by 
exploiting different physiological functions of the host nerve terminals; and it can 
be conveniently divided into five major steps: (1) binding to nerve terminals, (2) 
internalisation within an endocytic compartment, (3) low pH-driven translocation of 

Fig. 2.1 Molecular structure of BoNT/A1 neurotoxin and its progenitor protein complexes 
(PTCs). (a) Schematic organization and crystal structure of BoNT/A1 in complex with NTNH/A1 
protein (M-PTC/A1) (PDB accession: 3VOC). (b) Structure of the precursor toxin complex of 
BoNT/A1, which consists of the NTNH/A1-BoNT/A1 heterodimer and the hemagglutinin pro-
teins (HA) forming the so-called L-PTC/A1. There are 6 HA33 proteins, 3 HA17 proteins, 1 HA70 
per 1 NTNHA1-BoNT/A1 complex. L-PTC/A1 displays three spider-like legs that are suggested 
to have a role in binding to the intestinal epithelium to facilitate absorption of the toxin. (Adapted 
from [1])
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the L chain across the vesicle membrane, (4) release of the L chain in the cytosol by 
the reduction of the interchain disulphide bond, and (5) proteolytic cleavage of 
SNARE proteins with ensuing blockade of neurotransmitter release and neuropa-
ralysis [16].

 Step 1: Neurospecific Binding

Once BoNTs enter the circulation, following intestinal absorption, inhalation or 
injection, they rapidly gain access to the peri-neuronal fluid compartment, without 
crossing the blood–brain barrier [9]. BoNTs have evolved a unique binding mode, 
which ensures specificity, high affinity, and rapidity of interaction with the presyn-
aptic membrane of peripheral nerve terminals. Indeed, the BoNTs bind with high- 
affinity presynaptic plasma membrane of skeletal and autonomic cholinergic nerve 
terminals thanks to the carboxyl terminal domain (HC-C, 25 kDa, green in Fig. 2.1a). 
This C-terminal sub-domain contains one conserved binding site for a polysialogan-
glioside receptor, which is highly enriched in the nerve presynaptic membrane, and 
a second binding site for a protein receptor that is present on the lumenal side of the 
membrane of synaptic vesicles (SV) [2, 7, 17, 18]. The glycan part of ganglioside 
receptors provides abundance and specificity and accumulates the toxins onto 
unmyelinated areas of nerve endings, thus facilitating the interaction with a second 
receptor [19, 20]. The SV calcium sensors Synaptotagmin I/II (Syt-I and Syt-II) 
were identified as specific receptors for BoNT/B1, /G, and the mosaic serotype /DC 
whereas BoNT/A1 and BoNT/E1 bind specifically to two different segments of the 
fourth luminal loop of the synaptic vesicle glycoprotein SV2A/B/C (for a complete 
list of references, see [2, 7, 17, 18]). The neurospecific binding of the other BoNTs 
has not been well characterized and conflicting results have been reported, calling 
for further investigations. In vitro binding experiments have shown that the affinity 
of BoNT/B and BoNT/G to the luminal domain of Syt-I and Syt-II decreases in the 
order B-Syt-II>>G-Syt-I>G-Syt-II>>B-Syt-I [21]. Remarkably, it has been recently 
shown that human Syt-II is not a high-affinity receptor for BoNT/B and G due to the 
F54L mutation in its luminal domain, which eliminates one of the three major inter-
actions between Syt-II and BoNT/B [22, 23]. This mutation is present only in 
humans and chimpanzees and might explain the observed disparity of BoNT/B 
potency in human and mice [24]. Noteworthy Syt-II is present in every endplate in 
diaphragm muscle whereas only a subpopulation of neuromuscular junctions 
(NMJs) additionally expresses Syt-I [25]. The F54L mutation in human Syt-II, 
together with the low expression at the NMJ of Syt-I, explains why high doses of 
BoNT/B are required to achieve therapeutic effects in neuromuscular disorders. In 
contrast, the predominant presence of Syt-I in autonomic and sensory neurons [26] 
might explain the observed autonomic effects of BoNT/B and the lower BoNT/
A:BoNT/B dose ratio for autonomic indications [27].

N-glycosylation plays a critical role for the high-affinity binding of BoNT/A1 to 
SV2C and of BoNT/E to SV2A/B [28, 29] and the potential clinical relevance of 
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this finding calls for appropriate investigations. In fact, a different pattern of glyco-
sylation among individuals would provide a simple explanation for the variable 
sensitivity of different patients to BoNT/A1 injection, which is commonly observed 
in the clinical use of this toxin. Clearly, this consideration might also be applicable 
to different vertebrate species.

The dual binding interaction with polysialogangliosides and SV receptors 
increases the strength of BoNT interactions with the membrane as it is the product 
of the two binding affinities [17]. Besides high-affinity binding to gangliosides and 
to the protein receptor, hydrophobic loops in the HC-C [30] and the HC-N binding 
domain could contribute with low affinity, but selective interactions to the overall 
affinity of the toxins for cell surfaces [31, 32].

The double receptor binding accounts for the extreme potency of BoNTs but 
does not explain their apparent selectivity for cholinergic nerve terminals, which 
may be provided by additional receptor(s) still to be identified [33].

 Step 2: Toxin Internalization

After binding to the presynaptic receptors, BoNTs enter into the nerve terminal. 
BoNT/A1, at mouse neuromuscular junction was predominantly visualized within 
synaptic vesicles and the number of toxin molecules (either 1 or 2) correlates with 
the number of SV2 molecules in the SV membrane [34, 35]. SV exocytosis is 
strictly coupled to endocytosis, and this explains the fact that BoNT/A1 paralyses is 
faster in a synaptic terminal, which is stimulated electrically or by exercise, whilst 
the lowering of synaptic activity prolongs the time of paralysis development [36]. 
Recent findings indicate that high activity levels of SV neurotransmitter release 
leads to full-collapse SV fusion with the incorporation of the SV membrane into the 
presynaptic membrane [37]. In turn, this would result in an increased extent of 
exposure of the BoNT luminal SV receptor with a consequent increase of the inter-
nalized BoNT. This BoNT would end in the lumen of a bulk endosome, rather than 
in the SV lumen. However, SV will form rapidly by clathrin-mediated budding of 
SV from endosomes. Clearly, the recent novel findings on endocytosis at nerve ter-
minals call for further studies to clarify the different forms of vesicular/endosomal 
trafficking of the various BoNTs into the nerve terminal. Such studies could lead to 
improved modes of delivery of BoNT to patients.

 Step 3: Toxin Translocation

In order to reach the intracellular targets in the cytosol of nerve cells, the catalyti-
cally active L domain must be translocated from the SV lumen into the cytosol. To 
accomplish this, BoNTs have to exploit another physiological function of the syn-
apse; i.e., they parasitize the refilling of neurotransmitter inside empty vesicles. This 
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is powered by the action of an ATPase proton pump present on the SV membrane 
which injects protons inside to create a transmembrane pH gradient that drives the 
uptake of neurotransmitter from the cytosol into the lumen. The low pH inside the 
SV lumen induces a structural change of the HN domain, leading to its insertion into 
the membrane, and thus an ion translocation channel is formed that assists the pas-
sage of the partially unfolded L from the lumenal to the cytosolic side of the SV 
membrane [38, 39]. The disulphide bridge that links the heavy and light chain must 
remain intact on the luminal side of the vesicle until the last stage of L translocation 
[40]. Once it has reached the cytosolic face of SV membrane, the L chain has to 
reacquire the native structure in order to cleave its substrate. It has been recently 
shown that the host chaperone heat shock protein 90 (Hsp90) assists the refolding 
of the L chain after vesicle membrane translocation as already demonstrated for 
other bacterial toxins such as Diphteria toxin [41, 42]. L remains attached to the SV 
until the interchain disulphide bond is reduced in the reducing environment of the 
cytosol, a crucial step for productive release of the L catalytic subunit, which is 
common to all the BoNT variants [43].

 Step 4: Reduction of the Interchain Disulphide Bond

The interchain S-S bond is exposed to the cytosol after translocation of the L 
domain, and it is specifically reduced by the NADPH-Thioredoxin reductase- 
Thioredoxin redox system (Trx-Tx) [43]. This redox system physically interacts 
with the Hsp90 chaperone on the cytosolic surface of SV and represents the machin-
ery of activation of the L chain [41, 43]. Indeed, inhibitors of the TrxR-Trx redox 
system prevent the intoxication by BoNTs of neurons in culture and, more impor-
tantly, largely prevent the BoNT-induced paralysis in mice in vivo, regardless of the 
serotype involved [44]. This notion leads to an important translational potential 
application because these inhibitors are candidates for the prevention of botulism in 
humans and for the treatment of those forms of botulism, implying a continuous 
production of toxin molecules such as infant botulism or intestinal botulism [45].

 Step 5: Proteolytic Cleavage of SNARE Proteins

The L chains of BoNTs are zinc-dependent metalloproteases specific for members 
of SNARE family proteins, which form the core complex that mediates fusion of 
synaptic vesicle membranes to plasma membranes that is essential for neurotrans-
mitter release [46, 47]. The BoNT proteolytic activity is highly specific and directed 
toward unique peptide bonds within the sequence of their respective SNARE pro-
tein targets. BoNT/B, /D, /F, /G cleave VAMP1/2/3, BoNT/A and BoNT/E cleave 
SNAP-25; and BoNT/C cleaves both SNAP-25 and syntaxin (for reviews see [2, 7]). 
The L chain of BoNT/X, a recent identified new serotype, cleaves VAMP1/2/3 at a 
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site distinct from the known cleavage sites for all other BoNTs. However, BoNT/X 
is practically not toxic to mice probably due to its lack of efficient receptor binding 
[48]. Another BoNT-like toxin, named BoNT/En, was recently identified in the 
genome of a commensal strain of Enterococcus faecium isolated from cow feces. 
Functional characterization revealed that L/En of this toxin cleaves VAMP1/2/3 at a 
novel site [49]. Interestingly, L/En is also capable of cleaving SNAP-25 in neurons 
and the cleavage site is located on the N-terminal part of SNAP-25, which is distinct 
from all known BoNT cleavage sites, though its cleavage of recombinant SNAP-25 
in vitro is not efficient. Similar to BoNT/X, HC/En appears unable to recognize 
mouse/rat neurons, as BoNT/En is not toxic in cultured neurons or in mice [49]. In 
most cases, BoNT cleavage results in the loss of a large part of the cytosolic portion 
of SNARE proteins, thus preventing the formation of the SNARE complex. In con-
trast, in the case of BoNT/A and BoNT/C, the truncated SNAP25 proteins retain 
most of their sequences (197 and 198 of 206 amino acid residues, respectively) and 
are capable of forming stable, though non-functional, SNARE complexes. In any 
cases the proteolysis of one SNARE protein prevents the formation of a functional 
SNARE complex and, consequently, the release of neurotransmitter with ensuing 
neuroparalysis [16, 50]. The exquisite target specificity of botulinum neurotoxins is 
due to the unique mode of recognition of VAMP, SNAP-25 or syntaxin by the L 
chain, which involves multiple interactions of the metalloprotease with its substrate 
including the cleavage site as well as exosites located along the sequence both 
before and after the hydrolysed peptide bond [51–53].

 Distant Effects of BoNTs and Their Implications 
in Clinical Use

It has been known for a long time that botulinum neurotoxins block acetylcholine 
release from peripheral nerve terminals and therefore lead to cessation of somatic 
motor and/or parasympathetic transmission. When locally injected, BoNTs should 
have only, or mostly, local action and produce long-lasting anticholinergic effects to 
control various chronic motor and/or autonomic disorders [7, 54, 55]. However, it 
was experimentally shown that retroaxonal transport of BoNTs does take place, 
similarly to the related tetanus neurotoxin [56]. Compelling evidence of BoNT/A1 
retrotransport to the central nervous system (CNS) was provided by tracing the 
cleavage of SNAP-25 within CNS neurons after peripheral injection of the toxin, 
using an antibody very specific for the novel epitope generated by the BoNT/A1 
cleavage of SNAP-25 [57, 58]. BoNT/A1 retrograde transport can occur also via 
sensory neurons, as shown by the injection in the whisker pad, which induces the 
appearance of truncated SNAP-25 in the trigeminal nucleus caudalis [57, 59] and in 
the dorsal horn of the spinal cord after subcutaneous or intramuscular injection in 
the hind limb [60–62]. Moreover, BoNT/A1 can undergo subsequent events of tran-
scytosis and transport to second order neurons, remaining catalytically active [57, 
59, 63, 64]. The ability of BoNTs to interfere with sensory transmission both at 

2 Molecular Structure and Mechanisms of Action of Botulinum Neurotoxins



22

peripheral and central level has opened new avenues in their clinical application for 
different pain conditions [65, 66].

 Duration of Action of BoNTs

One remarkable aspect of the peripheral neuroparalysis induced by BoNTs is its 
reversibility, which is an essential aspect of botulism and of the therapeutic use of 
BoNT. Indeed, the toxin cleaves a SNARE protein as long as it remains intact in the 
nerve cytosol, but it neither kill the neuron nor it causes axonal degeneration in the 
intoxicated animal, though the animal may die by respiratory failure. Indeed if a 
botulism patient is kept under mechanical ventilation and appropriate pharmaco-
logical treatments, eventually he/she recovers completely, following the inactivation 
of the toxin and the replacement of the cleaved SNARE [55]. The duration of the 
BoNT induced neuroparalysis varies with dose (higher dose equals longer dura-
tion), with the animal species (small size mammalians shorter duration), the type of 
nerve terminal (human skeletal nerve terminals are paralysed for 3–4 months by 
BoNT/A1 whilst human autonomic cholinergic nerve terminals are paralysed for 
12–15 months) and with the serotype of BoNT (type A1 > type B1 >> type E1) [7]. 
The main determinant of the duration of neuroparalysis is the L chain lifetime 
within the terminal [67]. BoNT/A1 L chain, which has a very remarkable persis-
tence, has a longer lifetime than that of BoNT/E1 because BoNT/E1  L chain is 
ubiquitinated and targeted to the ubiquitin-proteasome system, whilst BoNT/A1 L 
chain escapes the action of the cell degradation system by recruiting de- ubiquitinases, 
i.e. specialized enzymes that remove polyubiquitin chains [68]. The exceptional 
length of the paralysis exerted by BoNT/A1 is likely to be supported by effects 
additional to the L chain degradation. Indeed, there is evidence that the BoNT/A-
cleaved SNAP-25, which retains 197 over 206 amino acid residues, is still capable 
of forming a SNARE heterotrimer with VAMP and syntaxin. This SNARE complex 
is non-functional in neuroexocytosis but prevents the function of the normal SNARE 
complex acting as a dominant negative that causes by itself neuroparalysis as long 
as it is present inside nerve terminals [16, 69]. New understanding of the mecha-
nisms by which these remarkable toxins or their proteolytic products persist within 
their motor neuron targets will help to develop, on one hand BoNT-based therapeu-
tics with improved persistence properties and therefore longer clinical benefit, and 
on the other hand BoNT-antidotes which accelerate the toxin degradation and there-
fore reverse BoNT intoxication.

 Future Perspectives for BoNT Medical Use

The structure–activity relationship of the BoNT domains is credited for the selectiv-
ity and extreme potency of these molecules, which are regarded as the most potent 
toxin known to mankind, with an LD50 from 0.1 to 5 ng/Kg depending on the toxin 
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type [70]. At the same time, BoNTs combine potency and specificity with full 
reversibility, and these unique properties are at the basis of their ever-growing clini-
cal use. The recent understanding of their detailed modular structure and of their 
multi-step molecular mechanism of neuron intoxication together with advances in 
the techniques for the production of recombinant proteins has opened up the oppor-
tunity to obtain tailor-made therapeutic agents by modifying the binding specificity, 
affinity, and nerve terminal persistence and thus improving their properties in terms 
of cell targeting and duration of action [71, 72]. In addition, the identification of 
many BoNT variants with different biological profiles could potentially represent a 
natural goldmine to be exploited for new clinical applications.
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Chapter 3
Types of Toxins in Commercial Use, Their 
Similarities and Differences

Khashayar Dashtipour and Paul Spanel

Abstract The clinical application of botulinum toxin currently spans across sev-
eral medical specialties as new indications continue to be investigated and new 
products continue to be developed. This chapter discusses similarities and differ-
ences among the currently commercially available botulinum toxin products. The 
mechanism of action of both serotypes, BoNT-A and BoNT-B, is introduced. The 
clinical indications for each available botulinum toxin product including onabotu-
linumtoxinA, abobotulinumtoxinA, incobotulinumtoxinA, and rimabotulinumtox-
inB are discussed along with potential adverse effects and the potential of developing 
immunogenicity. Finally, future products such as daxibotulinumtoxinA and praxi-
botulinumtoxinA with potential for further clinical indications are touched upon.

Keywords OnabotulinumtoxinA · AbobotulinumtoxinA · IncobotulinumtoxinA · 
RimabotulinumtoxinB · DaxibotulinumtoxinA · PraxibotulinumtoxinA

 Introduction

Botulinum toxins (BoNTs) are currently widely used in clinical practice, and their 
clinical application is ever expanding. There are seven different serotypes of BoNTs; 
however, only types A and B are available for clinical applications [1, 2]. There is 
interest to use other serotypes or modifications of these serotypes in order to change 
the duration of action of the toxin. In this review, the general aspect of BoNTs will 
be discussed, and then each available toxin will be discussed in detail in regard to 
their clinical and therapeutic applications. This article will not delve into the cos-
metic application of the toxins.
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 BoNT Mechanism of Action and Their Diffusion

The BoNT-A and BoNT-B serotypes are neuromuscular blocking agents, and by 
blocking the release of acetylcholine at the neuromuscular junction (NMJ), they 
cause dampening or elimination of muscle overactivity [2–6]. The peak neuromus-
cular blocking clinical effect of the toxin occurs between 2 and 6 days after admin-
istration, and it can last for several months [7]. 7BoNT-A and BoNT-B inhibit the 
release of acetylcholine into the NMJ without interference with acetylcholine syn-
thesis, uptake, or storage or the propagation of action potentials [6].

In nature, both BoNT-A and BoNT-B serotypes are synthesized as macromolecu-
lar protein complexes [6]. These protein complexes are referred to as progenitor 
toxins and consist of nontoxic accessory proteins (NAP) covalently bonded to the 
150 kD neurotoxin [1, 3]. The BoNT-A progenitor toxins vary in molecular weight 
(300–900 kD) depending on the composition of NAPs and manufacturing process 
[1, 2, 6]. BoNT-B serotype only forms a 500 kD complex.4 The NAPs can be hem-
agglutinins (HA17, HA19, HA33, and HA52) or nontoxic–non-HA protein [1, 2, 6]. 
The NAPs are believed to be chaperones and serve to stabilize and protect the core 
150 kD neurotoxin protein from degradation in harsh environments such as acidic 
PH of the stomach, but the therapeutic function of NAPs is unknown. However, it is 
clear that the 150 kD neurotoxin must dissociate from NAPs in order to exert phar-
macologic effects [1, 2, 6]. The 150 kD core protein must be nicked to a dichain of 
heavy (100 kD) and light chains (50 kD) to be fully activated [1, 2, 6]. The light and 
heavy chains are connected through a disulfide bridge and noncovalent bonds.

BoNT formulations contain a variable percentage of “unnicked” toxin (which 
contributes to the overall protein load).

Upon blocking of the NMJ by BoNT, the binding sites for the toxin diminish, and 
a booster injection while the muscle is already denervated is not pharmacologically 
rational. This is due to significant reduction of the toxin uptake into the chemode-
nervated muscle.

The mechanism of action of BoNT can be described as a four-step process 
(Fig. 3.1): [1, 8] (1) toxin binding and capture, (2) endosome formation and inter-
nalization, (3) active transport of toxin from endosome into cytosol, and (4) cleav-
age of the acetylcholine neuroexocytosis apparatus (i.e., soluble 
N-ethylmaleimide-sensitive factor attachment protein receptors [SNAREs]).

Toxin binding and capture involves an array of membrane receptors at the pre-
synaptic motor neuron. Both BoNT-A and BoNT-B enter the neuron by a dual- 
capture mechanism involving gangliosides (complex glycolipids localized on the 
outer membrane) and membrane receptors [1, 8]. The BoNT-A binds to the mem-
brane receptor synaptic vesicle protein 2, whereas BoNT-B binds to synaptotagmins 
I and II [1, 3–6]. The heavy and light chains of the nicked toxin are essential for the 
toxin activity and each have specific roles. The heavy chain is composed of two 
domains, HC and HN [1, 3–6]. The HC domain is essential for binding of toxin to 
the outer membrane receptors and capturing it inside a formed endosome. Once the 
toxin is inside an endosome, the disulfide bridge is broken, and the catalytic light 
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chain separates from the heavy chain [1, 3–6]. The catalytic light chain is released 
from the endosome and enters the axonal cytosol. The heavy chain HN domain is 
involved in the active transport of light chains from inside the endosome into the 
axonal cytosolic milieu [1, 3–6].

Upon release of light chains into the cytosol, they begin to deactivate SNARE 
proteins [1, 3–6]. Within an axon terminal, the light chain cleaves existing and 
newly synthesized SNAREs, one after another, until the supply is depleted. There 
are different components of the SNARE apparatus, such as synaptosomal- associated 
protein 25 kD (SNAP-25) and vesicle-associated membrane protein (VAMP, also 
known as synaptobrevin) [1, 3–6]. The BoNT-A serotype catalytically cleaves 
SNAP-25 and BoNT-B cleaves VAMP [1, 3–6]. The SNARE proteins are essential 
for acetylcholine vesicle docking, exocytosis, and neurotransmitter release [1, 3–6].

Fig. 3.1 Mechanism of action for botulinum toxins A and B.1–4, 6 Steps 1 and 2: The nicked 
(cleaved) botulinum neurotoxin (BoNT) is captured at neuronal membrane. Once captured, BoNT 
receptor binding is irreversible. The nicked BoNT is composed of a light chain (LC) and a heavy 
chain, which is further composed of two domains (HC and HN). The HC is essential for binding of 
toxin. On capture and endosome formation, the nicked BoNT disulfide bridge is broken, and the 
catalytic LC separates from the heavy chain. Step 3: The catalytic LC is released into the cytosol. 
Step 4: The LC begins to deactivate soluble N-ethylmaleimide-sensitive factor attachment protein 
receptors (SNAREs). There are different components of the SNARE apparatus, such as 
synaptosomal- associated protein 25 kD (SNAP-25) and vesicle-associated membrane protein 
(VAMP, also known as synaptobrevin). One LC will cleave existing and newly synthesized 
SNAREs, one after another, until the supply is depleted. Botulinum toxin type A catalytically 
cleaves SNAP-25, which is anchored to the inner layer axonal membrane, and BoNT-B cleaves 
VAMP, which is embedded within the acetylcholine (ACh) vesicle membrane. Cleavage (deactiva-
tion) of SNAP-25 or VAMP results in inhibition of ACh exocytosis, release, and neuromuscular 
denervation. AChR ACh receptor. (From Chen and Dashtipour 2013 – with reproduced with per-
mission from publisher Wiley and Sons)
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The light chain is structurally resistant to inactivation by intracellular protein 
degradation systems (e.g., ubiquitin-proteasome system), and the slow intracellular 
removal results in a persistence of pharmacodynamic effects at the NMJ [9]. It is 
important to note that although the NMJ loses functionality, the motor neuron, 
NMJ, and muscle fiber remain viable and regain function over time. The disabled 
axon terminal produces collateral sprouts, which induces the formation of new 
NMJs and motor endplates with the affected muscle fiber [1, 4]. As the original 
NMJ recovers, the collateral sprouts eventually retreat and are eliminated. On 
recovery of the NMJ acetylcholine activity, muscle (hyper) activity is resumed.

The mechanism of action of BoNT at myoepithelial cells (salivary and sweat 
glands) is not well known. Myoepithelial cells are specialized smooth muscle struc-
tures, and contraction is mediated by acetylcholine. Presumably, the mechanism is 
analogous to what occurs at the NMJ, but it seems that the duration of effect is more 
prolonged in intraglandular applications [1, 4]. In addition, BoNT-B appears to have 
a greater effect than BoNT-A in intraglandular applications [1, 4]. This may be due 
to differences in BoNT kinetics or binding affinity at the neuromyoepithelial effec-
tor junction.

BoNT is also known to possess antinociceptive effects, which may be mediated 
by inhibition of substance P and calcitonin gene-related peptide release [1, 4].

Despite having the same mechanism of action, each BoNT has distinct biologic 
properties with its own characteristic features. Each toxin has its own unique molec-
ular structure, formulation, potency, and pharmacokinetics. Each toxin exerts its 
effect at the site of injection and spreads. The diffusion and migration of the BoNT 
is responsible for its local, distal, and systemic side effects [1, 2].

Multiple studies revealed that central effects can also occur as a consequence of 
botulinum toxin peripheral injections, possibly due to the retrograde axonal trans-
port to antinociceptive nuclei within the central nervous system [10]. This presump-
tion is based on observations of instances of clinical improvement despite minimal 
weakness following botulinum toxin injections as well as previous animal and 
human studies exploring central effects of botulinum toxin [10]. This central effect 
is believed to occur through retrograde axonal transport of toxin into the CNS or 
indirect modulation of cortical regions and/or cerebellum. One of the earlier animal 
studies looking at retrograde transport of botulinum toxin found that 48 hours after 
injection of radiolabeled botulinum toxin A into the gastrocnemius muscles of cats, 
there was increased radioactivity in the ventral roots and spinal cord ipsilateral to 
the side of injection [11]. In a more recent animal study, botulinum toxin A was 
injected into facial motor neurons of cats, and 3  days later the ipsilateral facial 
nucleus demonstrated significant amounts of botulinum toxin with Western blot 
analysis [12]. This evidence has been translated to human studies as well, and one 
study revealed the reduction of quadriceps H reflex in individuals treated with botu-
linum toxin to the soleus muscle [13]. This phenomenon resulted from presumed 
retrograde transport of botulinum toxin exerting effects on Renshaw cells [13]. In 
addition to the available evidence of retrograde transport resulting in central effects 
of botulinum toxin, there are several functional MRI studies demonstrating changes 
in cortical areas and cerebellum following peripheral Botox injection. The proposed 
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central effects of BoNTs raise the possibility of an additional therapeutic impact 
rather than being attributable to causing additional side effects. However, there is 
still much to be explored in regard to discovering new applications and therapeutic 
indications [10].

 BoNT for Clinical Application

At the time of this article, only four distinct BoNTs were commercially available for 
clinical applications (Fig. 3.2). In 2009, the FDA released the updated version of the 
safety warning on BoNTs with emphasis on the lack of interchangeability among 
toxins due to difference in units. Another concern of this safety report was about the 

Fig. 3.2 Currently available botulinum toxins in the USA and Europe. (From Chen and Dashtipour 
2013, reproduced with permission from Publisher (Wiley and Sons))
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spread of the toxin to other body parts and the possibility of unwanted effects as 
extreme as respiratory failure and death [1, 2].

In recent years, the clinical application of BoNTs has largely expanded beyond 
neurology and dermatology to numerous subspecialties such as ophthalmology, 
physical medicine and rehabilitation, dentistry, gynecology, gastroenterology, and 
urology [1, 2].

The current four formulations of BoNTs do not have the same FDA-approved 
clinical profile; however, their clinical utility expands beyond their FDA indica-
tions. Tables 3.1 and 3.2 summarize the clinical applications of BoNTs and recom-
mended dosing.

Clinicians performing injections should refer to manufacturer suggested dosages 
for each indication. Factors such as size of muscle being injected, patients’ previous 
response to injections, and type of tissue being targeted need to be taken into con-
sideration as well when deciding on dosage. Studies have been conducted in an 
effort to establish the dose equivalency among toxin brands. The ratio of onabotu-
linumtoxinA to incobotulinumtoxinA is reported to be 1:1 [4, 14]. Two studies 
exploring dose equivalency between onabotulinumtoxinA and abobotulinumtoxinA 
in the treatment of cervical dystonia (CD) found that ratios of 1:1.7 and 1:2.5 were 
similar in terms of efficacy and adverse events. However, at a ratio of 1:3, onabotu-
linumtoxinA was determined to be less efficacious [15, 16].Overall, the conversion 
ratio between onabotulinumtoxinA and abobotulinumtoxinA of 1:2.5–1:3 is most 
commonly reported [17]. Conversion ratio for onabotulinumtoxinA/rimabotulinum-
toxinB ranges from 1:30 to 1:50. RimabotulinumtoxinB has been reported to have 
more frequent dry mouth as a side effect and likely has more glandular activity 
which is also a consideration when deciding on dosing [4]. It is worth noting once 
again that these conversion ratios are not standardized or globally accepted and 
deciding on dosage should be based on patients, condition, site of injection, and the 
past exposure and response to the BoNT.

The conditions for optimal storage are different for incoBoNT-A and other botu-
linum toxins. OnaBoNT-A, aboBoNT-A, and rimaBoNT-B need to be stored at 2 °C 
to 8 °C.  IncobotulinumtoxinA unopened vials can be stored frozen at −20 °C to 
−10  °C, refrigerated at 2  °C to 8  °C, or kept at room temperature at 20  °C to 
25 °C. RimabotulinumtoxinB is in liquid form and ready to use for injection; how-
ever, all other BoNTs need to be reconstituted prior to administration. Only 
preservative- free normal saline is recommended for reconstitution [1, 2].

Table 3.3 outlines similarities and differences in excipients, packaging, and stor-
age of the four botulinum toxin brands according to manufacturer labeling.

Botulinum toxins have the potential to develop immunogenicity. The concern 
regarding immunogenicity is important, especially with long-term use and multiple 
clinical applications of BoNTs.

Multiple factors play a role in inducing immunogenicity, such as the manufactur-
ing process, the antigenic protein load, the presence of accessory proteins, the over-
all toxin dose, frequency of injections, and prior exposure to BoNTs [1, 2]. 
Immunogenicity can be primary when there is a lack of response to BoNTs in a 
toxin-naïve patient, or it can occur as a secondary nonresponsiveness in patients 
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Table 3.1 Recommended doses of botulinum toxin products for the FDA-approved therapeutic 
indications

Agent Indication Dose

OnabotulinumtoxinA Axillary hyperhidrosis 50 U per axilla
Blepharospasm Blepharospasm: 1.25–2.5 U into the 

muscles of the upper and lower eyelid (three 
injection sites) per affected eye

Strabismus 1.25–5 U into each of three sites per 
affected eye; dose based on severity of 
deviation. Total dose should not exceed 
25 U per single treatment

Cervical dystonia 15–150 U per affected muscle based on 
patient’s head/neck/shoulder position, pain 
localization, muscle hypertrophy; lower 
dose is recommended for toxin-naïve 
patients; repeat treatment no more 
frequently than every 12 weeks
Mean dose 236 units, range of 198 units to 
300 units

Chronic migraine 
prophylaxis

Total dose 155 U divided among seven 
muscles (total of 31 sites) in head/neck 
muscles; repeat treatment every 12 weeks

Upper limb spasticity in 
adults
Upper limb spasticity in 
pediatrics aged 2–17 years

75 units to 400 units divided among the 
selected muscles
3–6 units/kg divided among affected 
muscles

Lower limb spasticity in 
adults
Lower limb spasticity in 
pediatrics aged 2–17 years 
excluding spasticity 
caused by cerebral palsy

The recommended dose for lower limb 
spasticity is 300–400 U
4–8 units/kg divided among affected 
muscles

Neurogenic detrusor Total dose of 200 U divided across 30 
injection sites in the detrusor muscle 
(~6.7 U/site); repeat treatment every 
42–48 weeks

Overactive bladder The recommend dose is 100 U for 
overactive bladder and is the maximum 
recommended dose

AbobotulinumtoxinA Cervical dystonia Total dose of 500 U divided among affected 
muscles; repeat treatment every 
12–16 weeks; titrate dose in 250 U 
increments to desired clinical response up 
to 1000 units

Upper limb spasticity in 
adults
Upper limb spasticity in 
pediatrics aged 2 and 
older excluding spasticity 
caused by cerebral palsy

500 and 1000 units were divided among 
selected muscles in the pivotal clinical trial
8–16 units/kg divided among affected 
muscles

(continued)
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who have previously responded, but the development of neutralizing antibodies has 
caused BoNT to be less effective or ineffective. It seems that antigenic protein load 
is correlated to the protein content of the core toxin (150 kD).

The most recent clinical studies showed almost the same rate of immunogenicity 
for both toxins: 1.2% for onaBoNT-A and 1.1% for incoBoNT-A [1, 2]. Major dif-
ferences in immunogenicity among the type A toxin brands is yet to be determined 
given differences in study populations, assay sensitivity in looking for the presence 
of neutralizing antibodies, and dose equivalency [18–20]. Serotype B toxin 
(rimabotulinumtoxinB) appears to be more immunogenic than serotype A with fre-
quency of development of neutralizing antibodies as high as 10–44% [18]. However, 
the importance of this high percentage of developing antibody with serotype B is 
not known, and the same rate (10–44%) of clinical unresponsiveness has not been 
reported. Currently, the standard of care of injecting patients with a frequency of not 
less than every 3 months and avoiding high doses of toxin in each single injection 
controls immunogenicity at significantly low levels when compared with older 
reports. However, in patients with urologic disorders, secondary unresponsiveness 
may occur due to the fact that the uroepithelium is more sensitive to antigens (e.g., 
bacterial antigens). Nontoxic accessory proteins (NAPs) do not play a role in the 
mechanism of action of BoNTs, but the NAPs (e.g., hemagglutinating and non-
hemagglutinating proteins) act as adjuvants for the development of neutralizing 

Table 3.1 (continued)

Agent Indication Dose

Lower limb spasticity in 
adults
Lower limb spasticity in 
pediatrics

1000–1500 units divided among affected 
muscles
10–15 units/kg for unilateral lower limb or 
20–30 units/kg for bilateral lower limb 
injections Maximum of 1000 units

IncobotulinumtoxinA Blepharospasm 1.25–2.5 U per injection site. For patients 
previously treated with ONA, INCO dose is 
the same as previous dose of ONA

Cervical dystonia 120–240 U divided among affected 
muscles; repeat treatment no more 
frequently than every 12 weeks

Upper limb spasticity Up to 400 units; repeat no more frequently 
than every 12 weeks

Sialorrhea Recommended total dose is 100 units per 
treatment consisting of 30 units per parotid 
gland and 20 units per submandibular 
gland, no sooner than every 16 weeks

RimabotulinumtoxinB Cervical dystonia
Sialorrhea

Initial recommended dose 2500–5000 U; 
may be titrated up to 10,000 U based on 
patient’s response; repeat treatment every 
12–16 weeks
500 units to 1500 units per parotid gland 
and 250 units per submandibular gland. No 
more frequent than every 12 weeks
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antibodies. In theory, reducing the NAP load may minimize immunoresistance, but 
this remains an unresolved issue among product comparisons.

A well-known adverse effect involved with therapeutic applications of botuli-
num toxin involves contiguous spread of toxin to adjacent tissues. This has potential 
to cause undesirable effects by impacting tissues that were not originally being tar-
geted, for example, eyelid ptosis resulting from the treatment of blepharospasm or 
dysphagia due to pharyngeal muscle weakness when treating CD. Differences in 
contiguous spread among the toxin brands have been studied; however, results of 
these studies have not found significant differences. Variance in contiguous spread 
among toxin brands is difficult to determine because spread is likely dependent on 
a variety of factors including injection technique, dosage used, type of target site, 
level of muscle hyperactivity, postinjection massage, and location of injection 
within a muscle. Injection techniques that may affect spread of toxin include vol-
ume of solution used, injection pressure, and needle size [21, 22].

 BoNT Type A

There are currently three commercially available BoNT-As in the United States, 
onabotulinumtoxinA (onaBoNT-A), abobotulinumtoxinA (aboBoNT-A), and inco-
botulinumtoxinA (incoBoNT-A). All BoNT-As work by deactivating SNARE pro-
teins by catalytically cleaving synaptosomal-associated membrane protein 25 kD 
(SNAP-25). This deactivation prevents acetylcholine release. Differences among 
the three types of BoNT-A include potency, presence or absence of nontoxic acces-
sory proteins, dosing, storage, and FDA-approved indications [1, 2].

 OnabotulinumtoxinA

Botox® (Allergan plc, Dublin, Ireland) is the trade name for onaBoNT-A. Originally 
approved by the FDA in 1989 for clinical use, onaBoNT-A has now been approved 
by the FDA for all of the following therapeutic conditions: strabismus [23] and 
blepharospasm [24], CD [25], hyperhidrosis, upper and lower limb spasticity [26], 
migraine headache [27], overactive bladder, and pediatric spasticity [28]. 
OnaBoNT-A has been available for clinical use the longest compared to the other 
type A toxin formulations discussed in this chapter. For this reason, OnaBoNT-A 
tends to be the toxin of choice among many providers in the United States [2]. 
OnaBoNT-A requires refrigeration at 2  °C to 8  °C and must be reconstituted in 
preservative-free normal saline prior to administration. Patients need repeating the 
injection every 3 months except for overactive bladder when patients receive injec-
tion every 6 months [28].
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38

 AbobotulinumtoxinA

Dysport® (Ipsen) is the trade name for aboBoNT-A. The FDA has approved the 
therapeutic application of aboBoNT-A for the following conditions: CD [9, 29], 
upper and lower limb spasticity in adults, and lower limb spasticity in pediatric 
patients 2 years of age or older [30]. AboBoNT-A was available in Europe years 
prior to its approval in the states by FDA.  Similar to onaBoNT-A, aboBoNT-A 
requires refrigeration at 2 °C to 8 °C and must be reconstituted in preservative-free 
normal saline prior to administration. The typical dosing interval for aboBoNT-A is 
also about every 3 months [1, 2, 31].

 IncobotulinumtoxinA

Xeomin® (Merz) is the trade name for incoBoNT-A.  IncoBoNT-A is the most 
recent BoNT-A to come to the market in the United States. The FDA has approved 
the application of incoBoNT-A for the following therapeutic conditions: upper limb 
spasticity [32], CD [33], chronic sialorrhea, and blepharospasm [34]. IncoBoNT-A 
was manufactured free of potentially immunogenic proteins from clostridia in an 
attempt to reduce immunogenicity. Unlike the other BoNT-A, incoBoNT-A may be 
stored at room temperature prior to reconstitution with preservative-free normal 
saline. Patients tend to require dosing for therapeutic indications once every 
3 months [1, 2, 35].

 BoNT Type B

There is only one commercial available BoNT-B in the United States, rimabotu-
linumtoxinB (rimaBoNT-B). Both BoNT-A and BoNT-B work to deactivate SNARE 
proteins. The one difference between the two toxins is how the deactivation occurs. 
BoNT-A catalytically cleaves synaptosomal-associated membrane protein 25 kD 
(SNAP-25). BoNT-B deactivates SNARE by cleaving vesicle-associated membrane 
protein (VAMP) [1, 2].

 RimabotulinumtoxinB

Myobloc® (Solstice Neuroscience) is the trade name for rimaBoNT-B. The FDA 
has approved rimaBoNT-B for CD [36] and sialorrhea [37]. Unlike the other toxins 
presented in this article, rimaBoNT-B is the only toxin in a liquid formulation. It 
seems to be more effective at neuroglandular junctions, lending itself well to use for 
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sialorrhea. The liquid formulation has an acidic pH and causes a stinging pain at the 
site of injection [1, 2, 22].

 Future Products

DaxibotulinumtoxinA (daxiBoNT-A) is a novel BoNT-A product under develop-
ment by Revance Therapeutics and has the potential to be the first long-acting neu-
romodulator [23, 36, 38]. DaxiBoNT-A is a purified 150 kDa BoNT-A (RTT150) 
that is devoid of accessory proteins and formulated with a proprietary stabilizing 
excipient peptide (RTP004) in a lyophilized powder. The peptide has a backbone of 
lysines that carry a positive charge which results in the peptide binding electrostati-
cally to the negatively charged core neurotoxin. DaxiBoNT-A is without human 
serum albumin and is stable at room temperature prior to reconstitution. Preliminary 
data suggests that injectable daxiBoNT-A at doses of up to 450 U is well tolerated 
and may offer prolonged efficacy [39]. The median duration of response was 
25.3 weeks (95% CI, 20.14–26.14 weeks). There were no serious adverse events, 
and the most common detected side effects were dysphagia (14%) and injection site 
erythema (8%). Further studies involving larger numbers of patients are now war-
ranted and underway for cervical dystonia and spasticity.

PraxibotulinumtoxinA (Jeuveau ®) is another BoNT-A product originally devel-
oped in South Korea that recently received FDA approval for the cosmetic treatment 
of glabellar lines based on two randomized multicenter double blinded trials. The 
product comes as a vacuum dried powder in single-use 100 unit vials [40]. Currently, 
it has not received FDA approval for any other clinical applications within the 
United States; however, there is currently an ongoing phase II clinical trial for the 
treatment of CD.
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Chapter 4
Evidence-Based Review of Current 
Botulinum Toxin Treatment Indications 
in Medicine
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Abstract Botulinum neurotoxin (BoNT) has been increasingly used not only as a 
cosmetic drug but, more importantly, it has emerged as the most versatile therapeu-
tic, utilized in virtually all sub-specialties of medicine. In neurology, there is Level 
A (effective) evidence for the use of certain serotypes of BoNT in cervical dystonia, 
chronic migraines, upper- and lower-limb spasticity and Level B (probably effec-
tive) evidence in blepharospasm. These levels of recommendation, however, must 
be interpreted cautiously as they are based only on published randomized, con-
trolled studies and are limited to particular products. United States Food and Drug 
Administration (US-FDA) approved BoNT for these and other indications, such as 
focal axillary hyperhidrosis and sialorrhea, but there are a growing number of con-
ditions for which BoNT is used off-label. In addition to focal dystonia, BoNT is also 
increasingly used to treat tremor and other movement disorders and a variety of 
neuropathic pain disorders including trigeminal neuralgia, post-herpetic neuralgia, 
and diabetic neuropathy. In urology, there are several randomized controlled trials 
supporting the benefits of BoNT in overactive bladder and interstitial cystitis. In 
gastroenterology, BoNT is used to treat anal fissures and achalasia. Thus, BoNT is 
the most widely used therapeutic molecule.
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 Introduction

Botulinum neurotoxin (BoNT) is an exotoxin produced by Clostridium botulinum 
and is the most potent biological toxin [105]. Although the various BoNT products 
contain only 0.44–5 ng/vial, the estimated lethal dose is 0.09–0.15 μg when BoNT 
is injected intravenously and 70 μg when ingested; 39.2 g sufficient to eradicate 
humankind [33]. In addition to the well-defined seven BoNT serotypes (BoNT/
A-G), a new mosaic toxin type termed BoNT/HA (also known as BoNT FA or H) 
was reported [103, 263]. All BoNTs act by inhibiting acetylcholine release at the 
nerve terminals of striatal and smooth muscles, and exocrine glands, but they also 
act on other neurotransmitters including adenosine triphosphate, substance P, and 
calcitonin gene-related peptide and may downregulate sensory receptors, such as 
transient receptor potential cation channel subfamily V member 1 (TRPV1). The 
latter mechanism is important in the analgesic’s effects of BoNT.

BoNT acts as a zinc proteinase by cleaving neuronal vesicle-associated pro-
teins, collectively called the SNARE (soluble N-ethylmaleimide-sensitive factor 
attachment protein receptor) complex, thereby preventing the docking and fusion 
of the vesicles with the presynaptic membrane and thus preventing the release 
(exocytosis) of acetylcholine into the nerve terminal [142]. Various BoNT sero-
types work differently and the sites of cleavage of SNARE complex vary between 
serotypes. BoNT serotype A, C, and E cleave SNAP-25 (synaptosome-associated 
protein of 25 kd) while serotypes B, D, F, and G cleave synaptobrevin, also known 
as VAMP (vesicle-associated membrane protein) [263]. Due to this cleavage, ace-
tylcholine is unable to leave the nerve terminal to initiate contraction in the post-
synaptic muscle, resulting in chemodenervation [103]. Of the eight serotypes, only 
BoNT types A and B are approved for clinical use in the United States. There are 
three formulations of BoNT type A used in clinical practice in the United States, 
namely, onabotulinumtoxinA (Botox®), abobotulinumtoxinA (Dysport®), and 
incobotulinumtoxinA (Xeomin®). BoNT-type B classified as rimabotulinumtoxinB 
(Myobloc®) is the other neurotoxin available for clinical use in the United States.

In 1977, Dr. Allen Scott first injected BoNT in a patient with strabismus. In 
October 1981, Dr. Joseph Jankovic first injected a patient with blepharospasm with 
BoNT, and this was followed by a double-blind controlled study of BoNT in cranial- 
cervical dystonia including cervical dystonia (CD) and blepharospasm. In 1989, 
onabotulinumtoxinA (Botox) was the first BoNT product approved by the US Food 
and Drug Administration (FDA) for the treatment of strabismus, blepharospasm, 
and cranial nerve VII disorders including hemifacial spasms [105]. Since then, it has 
been widely adopted for several additional indications in neurology, urology, der-
matology, gastroenterology, and pain management/neuro-rehabilitation. BoNT is 
most frequently used for the treatment of various conditions that involve abnormal, 
excessive, inappropriate exaggerated muscle contraction, and pain, but its use is 
expanding to many new and different indications [105].

The duration of benefits from BoNT injections last for about 3–4 months, after 
which there is a loss of inhibitory effect, likely due to sprouting of new terminals, 
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and eventual loss of effect at the original nerve terminal [193]. Side effects from 
BoNT vary depending on the area injected and adjacent non-target muscles or 
glands to which the toxin could spread, resulting in undesired effects such as ptosis, 
dry eyes with eyelid injections, dysphagia, especially following anterior neck injec-
tions, neck weakness, particularly with posterior neck injections, facial asymmetry 
with injections for hemifacial spasm or facial dystonia, and weakness in the hands 
with forearm injections for hand dystonia or tremor. In addition to local side effects, 
about 14% of treatment visits are associated with transient flu-like symptoms [13, 
77]. BoNT should be avoided in patients with neuromuscular disorders and motor 
neuron disease and pregnant or lactating women, although there is no evidence of 
teratogenicity associated with BoNT therapy [25]. Although EMG, ultrasound, and 
kinematic guidance can be used for localization, no muscle targeting technique has 
yet proven to be superior [159, 215, 268].

 Neurology

 Tremor

The role of BoNT has been studied in different tremor conditions with good suc-
cess, but BoNT is not yet FDA approved for these tremor indications and its use is 
off label. Several studies have provided evidence of beneficial effects of BoNT in 
the treatment of various tremors [148–150, 159].

(a) Dystonic tremor
Dystonic head and neck tremors could be present in patients with CD, voice tremor 
in spasmodic dysphonia, and dystonic hand tremors in patients with focal dystonia 
of the upper extremity such as organic writer’s cramp, musician’s dystonia, and 
other task-specific tremors. Primary dystonia patients are more likely to have tremor 
than patients with secondary dystonia including tardive dystonia [169]. Hand tremor 
has been reported in patients with dystonia affecting other parts of their body and 
reported the prevalence of postural or kinetic tremor in these patients to range from 
14% to 86% [169].

In a retrospective chart review on 91 patients with medically refractory hand 
tremor treated with botulinum toxin, 31 patients had dystonic tremor. The majority 
of patients noted a benefit with BoNT injections in the forearm flexor muscles 
[159]. Other studies have confirmed the efficacy of BoNT in the treatment of essen-
tial (ET) and dystonic tremors [104, 148, 159].

(b) Task-specific tremor
Primary writing tremor (PWT) is a type of task-specific movement disorder where 
tremor occurs predominantly or exclusively while writing. This shares features with 
ET and dystonia [219, 246]. The lack of adequate response to typical medications 
used to treat ET like primidone and propranolol, presence of mirror movements 
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typically seen in patients with dystonia, makes this more closely related to dystonia 
than to ET. PWT causes significant inconvenience to patients in occupations that 
demand a great deal of writing or enjoy writing as a hobby. Several studies have 
examined the effects of BoNT on PWT. There are two case series and a case report, 
which showed beneficial effects of BoNT in this condition [11, 172, 219]. In one of 
the case series, four out of five patients noted a significant and sustained improve-
ment in tremor during the course of BoNT treatment. In this study, 10–12 units of 
BoNT/A was injected into flexor carpi radialis, extensor carpi radialis and ulnaris, 
abductor pollicis longus and extensor digitorum communis [172]. In a case report of 
a 64-year-old man, retired postal worker, 12.5 units of BoNT type A was injected 
into flexor carpi radialis under EMG guidance. This resulted in a 75% improvement 
in the symptoms that sustained for 3 months [219].

(c) Essential tremor
BoNT has been studied in patients with ET resulting in hand tremor, voice tremor, 
and head tremor. There is a paucity of large trials looking at the efficacy of BoNT 
for tremors, but BoNT has been used for selected patients who are refractory to 
medications prior to consideration of more invasive strategies like deep brain stimu-
lation (DBS). The mechanism of BoNT is thought to be from the relaxation of 
involved muscle groups, or due to altered peripheral or central mechanisms [131].

For ET involving the hands, there were small studies looking at injection of 
flexor and extensor muscles. These were limited due to side effects of hand weak-
ness noted particularly with extensor muscle injections [109]. In one open label 
study which enrolled 26 tremor patients of whom 14 had ET, there was significant 
improvement in the tremor and disability scores of ET patients [234]. Five of the 
fourteen patients reported moderate-to-marked subjective improvement in func-
tional abilities after BoNT. However, the average reduction in tremor amplitude was 
less than 25% and the degree of tremor amplitude reduction correlated with patients’ 
subjective impression about tremor benefit [234]. There are a few other open label 
trials evaluating the efficacy of BoNT in ET hand tremor which have shown signifi-
cant improvement in tremor subjectively [167, 185, 204] and some using objective 
tremor [203, 204].

In 1996, Jankovic et  al. reported the first randomized double-blind placebo- 
controlled study to evaluate the effect of BoNT injections in patients with ET hand 
tremor. Twenty-five patients with moderate–to-severe hand tremor were injected 
with BoNT, and there was significant improvement in tremor noted on tremor sever-
ity rating scales and on accelerometry measurements. Fifty units of BoNT was 
injected into wrist flexors and extensors with repeat injections in 4 weeks. There 
was mild and transient weakness of finger and wrist extensors attributed to injec-
tions of the extensor carpi radialis and ulnaris muscles [110]. Subsequently, another 
randomized placebo-controlled study was done involving 133 patients who were 
injected in the flexors and extensors in two parallel groups of low- and high-dose 
injections. There was significant improvement in postural tremor in both groups, 
but there was more weakness in the group injected with higher dose BoNT. There 
were no major changes in measures of motor tasks and functional disability, possi-
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bly due to weakness that resulted after the injections [27]. In a retrospective chart 
review done in patients with medically refractory tremor, of 53 patients with ET 
affecting their hands who received BoNT injections, the majority noted improve-
ment in their tremor [159]. As a result of troublesome weakness-associated extensor 
muscle injections, many investigators tend to avoid injecting these muscles in 
patients with ET-related hand tremor, but the selection of the muscles and dosage 
must be individualized [114]. Another randomized double-blind placebo-controlled 
crossover trial evaluated the efficacy of BoNT in 33 ET patients with hand tremor, 
with injections customized to individual patients’ tremor quality. Between 80 and 
120 U of incobotulinumtoxinA was injected between 8 and 14 muscles in the hand 
and forearm of individual patients. There was significant improvement in Fahn 
Tolosa Marin tremor rating scales at 4 and 8 weeks. There was no significant hand 
weakness, but mild weakness was observed in 50% of patients receiving BoNT 
injections [150].

In ET patients with voice tremor, a minority of patients experience tremor benefit 
from BoNT injections into the vocal cords. Breathiness of voice is a common side 
effect seen with BoNT injection into the vocal cord. In a study which included 34 
patients, 16 noted improvement in their voice tremor after BoNT injections into 
thyroarytenoid muscle [222]. In another study, EMG-guided injections were per-
formed depending on the type of tremor, with thyroarytenoid injections performed 
for horizontal tremor, and strap muscle injections for vertical laryngeal tremor. For 
mixed tremor type, injections were performed based on the tremor type that was 
dominant/more severe. If both vertical and horizontal tremors were equally severe, 
strap muscles were injected first with thyroartytenoid injection done 2 weeks later. 
Starting doses of 1 unit was injected into the thyroarytenoid muscle with higher 
doses less than 10 units used for strap muscles and other adjacent neck muscles 
injected in this study. All 16 patients who received injections in this series had 
tremor benefit from BoNT; hoarseness was the only side effect observed, mostly 
following injections to the thyroarytenoid muscle [93]. Another small open label 
crossover study looked into BoNT injection into vocalis muscle either unilaterally 
or bilaterally. This was a small study in 10 patients with essential voice tremor, with 
EMG guided injections of 15 units into the left vocalis (unilaterally) with cross over 
to the bilateral vocalis injection arm (2.5 units into each vocalis) of the study after 
16 or 18 weeks or vice versa. Only 3 of the 10 patients had objective reduction in 
voice tremor with bilateral injections and 2 of 9 patients who received unilateral 
injection. Breathiness and reduced vocal effort were seen, but 8 of the 10 patients 
chose to get re-injected at the end of the study [255]. In 15 patients with ET result-
ing in voice tremor, BoNT was injected into thyroarytenoid or into the cricothyroid 
or thyrohoid muscles; there was significant improvement in voice tremor based on 
subjective evaluation and also based on perceptual evaluation of recorded speech 
samples [97]. There is a small study by Ludlow et al. in 1989, another study by Brin 
et al. in 1992 and a case report by Warrick et al. in 2000, all of which showed effi-
cacy of BoNT in the treatment of voice tremor. A prospective randomized trial over 
6 weeks involving 13 ET patients with voice tremor showed that there was improve-
ment in voice tremor in all patients over the observed period with dysphagia and 
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breathiness being the most common side effects [3]. Based on these studies, an 
evidence-based review suggested level 1 recommendation for the use of BoNT in 
ET affecting the voice [179].

About 30–40% of ET patients with head tremor do not respond well to medica-
tions. There was one small double-blind placebo-controlled trial by Pahwa et al. in 
1995 assessing BoNT in 10 patients with head tremor. In this study, 40 units were 
injected into bilateral sternocleidomastoid muscles and 60 units into bilateral sple-
nius capiti muscles, with subsequent crossover into the placebo group. There was 
over mild-to-moderate improvement in 50% of the patients compared to 10% 
improvement noted in the placebo group [168]. Transient, non-disabling, neck 
weakness is the most common side effect observed with this pattern of injection. 
Several patients with essential tremor also have concomitant CD and dystonic 
tremor affecting their head. BoNT appears to work better for dystonic head tremors 
than for ET associated head tremor [130].

In a study involving 43 patients of which 13 had head tremor due to ET without 
dystonic component, and the remaining had head tremor secondary to CD, BoNT 
was injected into neck muscles with dosing individualized based on neck position 
and visible and palpable tremor oscillation. A mean dose of 400 units of abobotu-
linumtoxinA was split between the two splenius capiti muscles in patients with ET 
head tremor. There was significant improvement in tremor, based on accelerometry 
analysis in both groups of patients with head tremor from ET and from CD [259]. 
In a study involving 51 patients with disabling tremor, 8 of whom had ET related 
head tremor, there was significant improvement in tremor with BoNT injec-
tions [109].

(d) Parkinson-associated rest tremor
The rest tremor in Parkinson’s disease (PD) tends to be responsive to levodopa, but 
in some patients there is insufficient tremor control or side effects with medication 
titration which limits tremor control. In these patients, BoNT could be used for bet-
ter tremor control with muscle selection individualized based on the nature of the 
tremor depending on the predominant movement (flexion-extension, pronation 
supination or ulnar-radial deviation type), and the predominant joint involved (fin-
ger tremor, wrist tremor or elbow tremor) [160].

In a randomized double-blind placebo-controlled cross-over study, 30 patients 
received BoNT injections into the hand and forearm muscles. Patients were injected 
customized to their tremor rather than a standard protocol. Between 2.5 and 20 units 
of BoNT/A was injected in different muscles, including lumbricals, flexor carpi 
radialis, flexor carpi ulnaris, flexor digitorum superficialis, pronator, biceps, triceps, 
extensor carpi radialis, extensor carpi ulnaris, extensor digitorum, flexor pollicis 
brevis, flexor digitorum profundus, abductor pollicis brevis, brachioradialis, supina-
tor, and opponens pollicis. There was a significant improvement in the tremor on 
tremor severity scale and improvement in patients’ impression of change and an 
improved ability to do activities at home, without much weakness as side effect [149].

In an open label study, 28 patients were injected with BoNT for PD tremor using 
kinematic measures to personalize muscle selection for injection. There was 
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 significant decrease in Unified Parkinson’s Disease Rating Scale (UPDRS) rest 
tremor scores and Fahn-Tolosa-Marin tremor severity scores. Ten patients experi-
enced mild weakness which did not affect activities of daily living [187, 203]. In 
another 3-month open label study in 7 patients with PD-related upper-limb tremor, 
with kinematic assessment of tremor done pre and post injections, there was signifi-
cant improvement in kinematic assessments of static and functional tasks at 2 and 
3 months. There was also significant improvement in the UPDRS tremor scores and 
spiral drawings [186]. In another open label study in 26 patients, 12 of whom had 
PD; there was over 50% reduction in tremor in 2 patients and moderate-to-marked 
subjective improvement in functional benefit in 5 patients after BoNT injections. 
However, the average tremor reduction was less than 25% by quantitative measures 
[234]. In a prospective study in 187 patients with tremor, 15 patients with tremor 
due to Parkinson’s disease, BoNT injections were done under EMG guidance with 
booster injections given if needed for optimum tremor control. In this study, there 
was an average BoNT efficacy of 35.7% for PD tremor. There was marked subjec-
tive improvement in tremor along with significant reduction in tremor amplitude of 
over 50% in 2 of 15 patients with PD tremor [185].

(e) Jaw tremor
Jaw tremor could be seen as part of the tremor spectrum in patients with ET, dys-
tonic tremor, PD, task specific tremor and also in other neurologic conditions such 
as hereditary geniospasm. Patients with jaw tremor as part of ET typically have 
more widespread severe tremor and a long history of having ET. There is some 
thought that jaw tremor may be a marker of subsequent development of PD in 
these patients [132]. Jaw tremor is more common in PD than in ET patients, with 
prevalence in ET estimated to be between 7.5% and 18% [96]. Jaw tremor could 
also be a dystonic tremor in the setting of dystonia. In patients with bothersome 
jaw tremor, refractory to medical therapy, BoNT should be considered as a thera-
peutic option.

In a case report about a woman with position specific jaw tremor, likely dystonic 
in nature, where there was improvement in tremor after BoNT injections [228]. In a 
case series of 7 patients with jaw tremor in the setting of dystonia, one patient had 
BoNT injection for jaw tremor and noted improvement in the tremor. Others in this 
series did not receive injection and received oral medications with inadequate ben-
efit [206].

In a pilot study involving three patients with jaw tremor due to PD, who were 
injected with onabotulinumtoxinA, there was significant improvement in jaw tremor 
in all 3 patients at 4 and 9 weeks post injection. Between 30 and 100 units of abob-
otulinumtoxinA was injected in the masseter bilaterally with mentalis muscle 
included in one of the patients. There were no side effects including no dry 
mouth [207].

(f) Holmes tremor
Holmes tremor, also called rubral, mesencephalic, or thalamic tremor, is a slow 
(2–5 Hz tremor), high-amplitude tremor, present at rest, worse with action. This 
often occurs after lesions affecting the thalamus, brainstem, or cerebellum. Usual 
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etiology of the lesion includes vascular lesions, demyelinating disorders, head 
trauma, AV malformations, or neoplasms [63, 188].

A case report of a 29-year-old male patient with Holmes tremor after pontine 
hemorrhage describes marked improvement in tremor after BoNT injection. BoNT 
was injected into the 2nd, 3rd, 4th flexor digitorum superficialis and 40 units in the 
extensor pollicis longus using ultrasound guidance. There was sustained improve-
ment at the 4- and 9-week follow-up. There was some improvement noted in the 
activities of daily living [4].

(g) Cerebellar tremor
Lesions in the deep cerebellar nuclei (dentate, globose, or emboliform) or in the 
brachium conjunctivum (superior cerebellar peduncle), which contains fibers cross-
ing over to the contralateral ventrolateral thalamus, could result in a cerebellar 
intention tremor. These deep cerebellar lesions cause intension tremor on the ipsi-
lateral extremity. This is often an irregular 3–5 Hz tremor, affecting proximal more 
than distal muscle groups [63].

A retrospective analysis about the effect of BoNT on cerebellar tremor in 14 
patients before and 1 month after injections, showed that there was improvement in 
tremor after BoNT injection into the agonist muscles alone. Antagonist muscles 
were avoided to prevent limb weakness. However, in this study, in addition to 
patients with cerebellar tremor from stroke, multiple sclerosis, and spinocerebellar 
ataxia, some ET patients were also included [243].

A small pilot study looked at the effect of BoNT in five patients with cerebellar 
tremor from multiple sclerosis and found no significant improvement in tremor with 
BoNT injection, but there was a trend toward improvement on some of the tremor 
ratings. Two of these five patients were injected again 2 months from first injection. 
There was worsening of pre-existing weakness that limited the use of BoNT in these 
patients [41].

(h) Palatal myoclonus (tremor)
Palatal myoclonus or tremor could either be primary/essential palatal myoclonus or 
secondary due to lesions in the Guillian-Mollaret triangle or the dentato-rubro- 
olivary network. Essential palatal myoclonus is due to repetitive contraction of the 
tensor veli palatini muscle, innervated by the trigeminal nerve, which results in 
rhythmic opening of the eustachian tube. Secondary palatal myoclonus is due to 
contraction of the levator veli palatini and results in repetitive palatal elevation 
[12]. This ear clicking and palatal myoclonus could be bothersome and distracting 
to patients.

There are several case reports which show efficacy of BoNT in palatal myoclo-
nus [45, 49, 129, 214, 252]. BoNT is injected trans-palatal into the aponeurosis of 
the tensor veli palatini muscle.

In a case series of five patients with palatal myoclonus who received BoNT 
injections, four reported complete resolution of symptoms. One patient reported 
transient dysphagia and weak voice. BoNT was injected into the soft palate at the 
posteromedial aspect of maxillary tuberosity, where tensor veli palitini and levator 
veli palitini insert. Starting doses between 5 and 15 units of abobotulinumtoxinA 
were used in this study [178].
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 Other Parkinsonian Disorders

There are many symptoms experienced by patients with PD that may be amenable 
to BoNT therapy including blepharospasm, anterocollis, camptocormia, foot dysto-
nia, hand and jaw tremor, sialorrhea, seborrhea, overactive bladder, and constipation 
[32, 104, 106, 111]. In addition to utilizing BoNT in the treatment of PD-related 
symptoms, there is emerging research on the role of BoNT in the central nervous 
system that may have relevance to the treatment of neurodegenerative disorders 
such as PD. For example BoNT/B when injected in the brains of animal models has 
been shown to block the transynaptic transmission of alpha-synuclein [164].

Freezing of gait (FoG)
There have been several studies suggesting the use of BoNT in FoG, but the results 
have been inconsistent [271]. This initially came about after a patient who received 
BoNT for off dystonia in the foot reported improvement in FoG [82, 84]. This was 
studied further in a pilot study of ten PD patients with FoG where three patients 
reported marked improvement in FoG, while two had no benefit, and one patient 
who was injected in a blinded manner had no improvement with saline injections 
and marked improvement after BoNT injection in calf muscles. Between 100 and 
300 units of onabotulinumtoxinA was injected into the lateral and medial heads of 
gastrocnemius and into the soleus in this study. One or both legs were injected [83]. 
In another study involving 20 patients with PD of whom 10 had FoG, there was 
improvement in FoG after BoNT injection into the tensor fascia latae. Eight of the 
ten patients had significant improvement in FoG scores [240]. However, in a pro-
spective double-blind placebo-controlled trial testing this concept further in 11 
patients, 6 patients received 150  units of onabotulinumtoxinA injections and 5 
received saline injections into the calves of both legs. There was no significant 
improvement in FoG in either group with leg weakness and falls, resulting in early 
termination of the study [92].

In a study involving 14 PD patients with FoG, 9 were injected with 5000 units of 
rimabotulinumtoxinB into the gastrocnemius-soleus complex of the predominantly 
affected leg. Five patients received placebo. There was marked improvement in 
symptoms in one patient, minimal improvement in two patients, unchanged symp-
toms in nine patients, and two patients with minimal worsening of symptoms. No 
significant differences in UPDRS scores between treatment and placebo groups 
were found [69].

Levodopa-induced Dyskinesia
Levodopa-induced dyskinesia (LID) occurs in over 90% of patients treated with 
levodopa for over 15 years, although the prevalence varies from study to study. 
Peak dose dyskinesia is the most common form of LID, followed by wearing off 
 dystonia, both of which could benefit from BoNT injections as a treatment option 
[244]. In a randomized double-blind crossover study of 12 patients with medica-
tion refractory levodopa-induced cervical dyskinesia, 200  units of BoNT was 
injected in the neck muscles (bilateral sternocleidomastoid, splenius capitis, trape-
zius). Of these 12 patients, 8 were randomized and only 4 completed the study 
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before it was voluntarily terminated due to safety concerns, predominantly due to 
excessive neck weakness. There was a trend towards reduced On time with LID in 
the BoNT group compared to baseline, and reduced dyskinesia on self-reported 
dyskinesia and pain related to dyskinesia [65]. There are other studies demonstrat-
ing the utility of BoNT in the treatment of various forms of LID [106].

Axial Dystonia (anterocollis, camptocormia, Pisa syndrome)
See section “Dystonia“

Constipation: see section “Gastroenterology”
Hyperhidrosis: see section “Autonomic Disorders”

 Dystonia

Dystonia is a movement disorder characterized by sustained or intermittent muscle 
contraction, resulting in abnormal repetitive movements, posture or both [5]. 
Dystonic movements are often patterned, initiated, or worsened with voluntary 
action and associated with overflow activation of involved muscles. Dystonia can be 
classified based on several factors including the age of onset, body distribution, 
temporal pattern, and also based on associated symptoms as part of a systemic con-
dition. Dystonia could also be classified based on etiology. Based on body distribu-
tion, dystonia could be classified as focal, segmental, hemidystonia, multifocal, and 
generalized dystonia [5]. BoNT has become the mainstay treatment for focal and 
segmental dystonia. Muscle selection and adequate dosing are also important fac-
tors to determine efficacy, as in other dystonic conditions. BoNT has been noted to 
be an effective and safe treatment option for long term use [116].

(a) Blepharospasm and apraxia of eyelid opening
Blepharospasm is a type of focal cranial dystonia resulting in repetitive involuntary 
forceful eyelid closure, often associated with dystonia of other adjacent areas like 
neck, jaw, and facial muscles. Since BoNT was approved by the FDA in 1989, for 
the treatment of blepharospasm, this has become the mainstay of treatment for this 
form of focal dystonia [245]. Based on 2016 Practice Guidelines from the American 
Academy of Neurology [217], onabotulinumtoxinA and incobotulinumtoxinA have 
level B evidence (probably effective) and abobotulinumtoxinA has level C evidence 
(possibly effective) for use in the treatment of blepharospasm. OnabotulinumtoxinA 
and incobotulinumtoxinA are FDA approved in the United States for the treatment 
of blepharospasm; abobotulinumtoxinA is approved for the treatment of blepharo-
spasm in Europe.

A randomized, double-blind, placebo-controlled multicenter trial evaluated the 
safety and efficacy of incobotulinumtoxinA in 109 patients in a 2:1 ratio for treat-
ment to placebo, and found a significant difference in the Jankovic Rating Scale 
(JRS) in favor of the BoNT group [107]. There was also clinically relevant 
improvement in symptoms and in functional impairment assessed using the 

D. Vijayakumar and J. Jankovic



53

Blepharospasm Disability Index (BSDI) and patient and physicians’ global assess-
ments. Ptosis and dry eyes were the few noted adverse effects.

There have been randomized, double-blind studies and split face studies (inject-
ing different BoNT products to either side of the face) comparing different BoNT 
products which did not find significant difference between these toxins for use in 
blepharospasm [217]. A randomized double-blind trial compared incobotulinum-
toxinA (Xeomin®) to onabotulinumtoxinA (Botox®) in patients with blepharo-
spasm. Both BoNT products reduced scores on JRS, BSDI, and Patient Global 
Assessment (PGA) scales with no significant difference between the two products 
but with a tendency toward greater improvement with onabotulinumtoxinA [249]. 
Similarly, there are studies comparing incobotulinumtoxinA (Xeomin®) to ona-
botulinumtoxinA (Botox®) [192] and abobotulinumtoxinA (Dysport®) to onabotu-
linumtoxin A (Botox®) [162] with no significant difference in benefits seen between 
the two products.

Studies evaluating the long-term use of BoNT in patients with blepharospasm 
noted that the benefits persist for several decades of treatment [40, 217, 237]. A 
study in 128 patients who were receiving abobotulinumtoxinA or onabotulinum-
toxinA had maintained benefit at 15 years [18, 189].

Frowning as a result of frontal dystonia, in the absence of blepharospasm, could 
also be treated using BoNT. A case series on two patients who had facial frowning 
reported an improvement in symptoms after BoNT injections. Corrugator and nasa-
lis were the main muscles injected in these patients with improvement in facial 
frowning [99]. We have also used BoNT in the treatment of levodopa-induced dys-
kinesia, manifested by repetitive frontalis contractions [106].

Apraxia of eyelid opening
Apraxia of eyelid opening refers to the inability to open the eyelid in the absence of 
paralysis, sensory loss, or other disorders affecting language or alertness. This is 
often seen co-existing in patients with blepharospasm, Parkinson’s disease, atypical 
parkinsonian syndromes, especially in progressive supranuclear palsy (PSP). The 
mechanism of “apraxia of eyelid opening” is not well understood, but it is probably 
not a true apraxia and more likely related to a dystonia phenomenon, inhibition of 
levator palpebrae, or other mechanisms [61].

Smaller studies have shown improvement in apraxia of eyelid opening after 
BoNT injections, especially if associated with blepharospasm. Injection of the pre-
tarsal portion of the orbicularis oculi seems to be critical to help with apraxia of 
eyelid opening [102]. There have been several case reports on the benefit of BoNT 
in apraxia of eyelid opening [68, 126, 180].

One study noted benefits of BoNT in 32 patients with apraxia of lid opening, 
of which 3 patients had primary apraxia of eyelid opening, 20 with associated 
 blepharospasm, 7 with PSP, and 2 with dystonic parkinsonian syndrome. 
Injections to the junction of preseptal and pretarsal portion of palpebral orbicu-
laris oculi yielded best results. 83% of patients had improvement in symptoms 
after BoNT injections on a rating scale administered pre-and post-BoNT injec-
tions [119].
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Another study looked into the effect of BoNT in 10 patients with apraxia of eye-
lid opening, where 8 of 10 had improvement in eyelid opening after BoNT injec-
tions. Between 20 and 30 units were used per eye injected at two sites at the junction 
of orbital and preseptal orbicularis oculi, compared to 10–20 units injected at one 
site at the middle of the upper lid close to the eyelash line. Injection of BoNT close 
to the pretarsal portion of orbicularis oculi resulted in improvement whereas injec-
tions to the preseptal and orbital portions did not yield the same benefit [53].

Ten patients with apraxia of eyelid opening associated with blepharospasm had 
BoNT injections and the lid opening parameters were compared to normal eyelid 
opening parameters obtained from 12 healthy control subjects. There was improve-
ment in all lid opening measurements after BoNT injections [73].

(b) Cervical dystonia
Cervical dystonia (CD) is the most common isolated focal dystonia affecting the 
muscles of the neck and shoulders. BoNT is the first line treatment of CD. There are 
several good-quality studies that show the benefit of BoNT in CD.  The 2008 
American Academy of Neurology (AAN) evidence-based review identified 7 Class 
I studies showing the effect of BoNT in CD [215]. These have been listed and 
described briefly in Table 4.1.

The 2016 AAN Practice Guideline Update reviewed the evidence and listed level 
A (effective) evidence for the use of abobotulinumtoxinA and rimabotulinumtoxinB 
in patients with CD and level B (probably effective) evidence for the use of onabotu-
linumtoxinA and incobotulinumtoxinA in CD. These are based on 15 randomized 
double-blind clinical trials, listed in Table 4.1. All the formulations are approved for 
use in CD in the US [217].

Although anterocollis is often excluded from clinical trials of CD, some patients 
benefit from BoNT injections into the anterior scalene muscles, sternocleidomas-
toid muscles, and submental complex [106].

(c) Camptocormia
Camptocormia refers to an abnormal forward flexion in the thoracolumbar region, 
of more than 45°, apparent while standing or walking, but resolves in supine posi-
tion. This is seen in PD patients with longer disease duration and severity, estimated 
to have prevalence between 3% and 17% in PD patients [59, 256].

In a case series studying 16 patients with camptocormia from different etiology, 
9 patients were injected with BoNT for camptocormia. Between 300 and 600 units 
of onabotulinumtoxinA was injected in the rectus abdominus muscle. Of these 9 
patients, 4 had marked improvement in symptoms lasting for about 3 months [10].

An open label study in 10 patients with camptocormia looked into the effect of 
ultrasound-guided injection of 100–300 units of incobotulinumtoxinA injected into 
either the rectus abdominus muscle or iliopsoas muscle based on whether the  flexion 
was at the hip or lower trunk. There was no significant improvement in posture with 
these injections [72].

A case series of 4 patients with camptocormia, due to PD in 3 patients and one 
patient with MSA-P, evaluated changes in camptocormia after injecting 
500–1500  units of abobotulinumtoxin A to bilateral iliopsoas using ultrasound 
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 b
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 d
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 c
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 d
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 d

os
e:

 
39

.6
 u

ni
ts

L
ar

ge
r 

co
ho

rt

T
ru

on
g 

et
 a

l. 
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, p
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 p
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 f
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t b
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 b
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 d
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 d
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R
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 b
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 d
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 p

at
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 b
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 d
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 d
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 p

er
 e

ye

Pt
os

is
 a

nd
 d
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 p
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w
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m
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 b
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e 

or
bi

cu
la

ri
s 

oc
ul

i w
ith

 3
 

in
je

ct
io

ns
 in

 th
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ra
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ra
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 c
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at
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L
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 p
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 f
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at
iti

s 
in

 th
e 

B
oN

T
 g

ro
up

 c
om

pa
re

d 
to

 p
la

ce
bo

 g
ro

up

do
 N

as
ci

m
en

to
 R

em
ig

io
 e

t a
l. 

[5
7]

: 
R

an
do

m
iz

ed
 c
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 d
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at
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at
ie

nt
s

3 
di

ff
er

en
t g

ra
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re
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 p
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l i
n 

85
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at
ie

nt
s 

w
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w

er
-l
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b 

sp
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tic
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llo
w

ed
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y 
op

en
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l e

xt
en
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N
o 

di
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er
en

ce
 b

et
w

ee
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B
oN
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ith
 d
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 d
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es
N
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en
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er
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a 
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n 
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Si
gn
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n 
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m
 f
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, p
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n 
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tiv
e 
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t 
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ity
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T
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 c
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ce
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O
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lin
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gn
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 d
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R
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B
oN
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io
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tte
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om
m

en
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et

ze
k 

et
 a

l. 
[7

1]
: S

in
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e-
ce

nt
er

, 
do

ub
le

-b
lin

d,
 r

an
do

m
iz

ed
, p

la
ce

bo
- 

co
nt
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lle

d 
tr

ia
l i

n 
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 p
at

ie
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s 
w

ith
 

lo
w

er
-l
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b 

sp
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tic
ity

, f
ol

lo
w

ed
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y 
op

en
 

la
be

l e
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si
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f 
th

e 
st

ud
y

B
oN

T
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up

 w
ith
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w

er
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A
S 
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m

pa
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to

 p
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bo

D
ur

in
g 
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en
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l e
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e 
w
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th
er

 d
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m
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e 

to
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at
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nt
s 
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e 
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O
ve
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ll 
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tie
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s 
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at

 r
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ei
ve
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B

oN
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e 
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st
 c
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w
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M
A

S 
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O
na
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lin
um
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nA
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0 
un
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 u

ni
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 m
ed

ia
l 

ga
st

ro
cn

em
iu

s,
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0 
U

 la
te

r 
ga

st
ro

cn
em

iu
s,
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0 

un
its

 s
ol

eu
s 

an
d 

70
 U

 ti
bi

al
is

 p
os

te
ri

or
)
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0 

U
: U

ni
la

te
ra

l
46

0 
U

: B
ila

te
ra

l i
nj

ec
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ns
V

s 
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lin
e 

as
 p

la
ce

bo

N
o 

m
aj

or
 A

E
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o 

et
 a

l. 
[2

27
]:

 R
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 p
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bo
-c

on
tr

ol
le

d 
tr

ia
l i

n 
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 p
at

ie
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s 
w

ith
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w
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b 
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ifi
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nt
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em
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n 
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 m
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oN

T
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p

O
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to
xi

nA
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00
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ni
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 u

ni
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nd
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ra
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ro
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0 
un
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ol
eu
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an

d 
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ni
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 p
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vs
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in
e 
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o

N
o 

m
aj

or
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E

D
in

g 
et

 a
l. 

[5
5]

: R
an

do
m

iz
ed

 b
lin

de
d 

st
ud

y 
in

 8
0 

po
st

-s
tr

ok
e 

pa
tie

nt
s 

w
ith

 
on

e 
gr

ou
p 

w
ho

 r
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ei
ve

d 
B

oN
T
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nd

 
an
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he
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ou
p 
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ei
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B
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T
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im
ul

at
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 s
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 m
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e 
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eu
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m
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at
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n 
is
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t t

o 
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pr
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e 
m
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e 
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m

s.

M
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e 

te
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n 
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ce
d 
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ca
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ot
h 
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B

oN
T
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n.
M
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d 

si
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M
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 f
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w
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in
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 p
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r 
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G
ra
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: M
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en
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r, 
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ed

, d
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d 
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l i

n 
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tie
nt

s 
w

ith
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ro

ni
c 

he
m
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ar

es
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 w
ho

 r
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ei
ve

d 
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e 
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w
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-l
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b 
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je
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io
n 

w
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 B
oN

T
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r 
pl

ac
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hi
s 

w
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 f
ol

lo
w

ed
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y 
an

 o
pe

n 
ex

te
ns

io
n 

st
ud

y

A
ft

er
 a

 s
in

gl
e 

B
oN

T
 in

je
ct

io
n,

 
th

er
e 

w
er

e 
im

pr
ov

ed
 M

A
S 
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es
 

an
d 

m
us
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e 

to
ne

.
A

ft
er

 r
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ea
t B

oN
T
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ct
io
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th

e 
op

en
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l p

ha
se

, t
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ki
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D
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U
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0 

U
 o

r 
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o
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G
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l. 
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0]
: P
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si
s 

of
 

G
ra

ci
es
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t a

l. 
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0]
 s
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dy

 c
om

pa
ri
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r 
an

d 
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w
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 e
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m
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oN
T
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w
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m
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y 
B

oN
T
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 p

at
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 d
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t c
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je
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y

A
bo

bo
tu

lin
um
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U
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w
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1 
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d 

3
O

pt
io
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pp
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 e
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m
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je
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io
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 c
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d
K
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t a
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[1
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 M
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m
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, d
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o-

co
nt

ro
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9 

pa
tie

nt
s 

re
ce

iv
ed

 
B

oN
T

 a
nd

 2
1 

pl
ac

eb
o 

(p
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ru
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 d
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T

 g
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D
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du
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n 
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T
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O
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bo
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lin
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xi
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M

ea
n 

do
se
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n 

m
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 w
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ro
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d 
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/ b
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B
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6]
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an
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ed

, s
in

gl
e 

bl
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 3
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w
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gr

ou
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at
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 m
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 m
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 f
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uc
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m
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 d
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at
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w
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e 
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m
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e 
m
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U
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O
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ra
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e 
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B
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ha

i e
t a

l. 
[2

01
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 R
an

do
m
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ed
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do

ub
le

-b
lin
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 p

la
ce

bo
-c

on
tr

ol
le

d 
tr
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l i
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 p
at

ie
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w

ith
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r 
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ac
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 m
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M
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oN
T
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to

 p
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gn
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ov
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 o
f 
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B
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w
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R
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, p
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 p
at

ie
nt

s 
w

ith
 O

A
B

 w
ho

 
re

ce
iv

ed
 in

tr
ad

et
ru

so
r 

in
je

ct
io

ns
 o

f 
B

oN
T

 o
r 

pl
ac

eb
o

Im
pr

ov
ed

 d
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 f
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at
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 p
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 c
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]:
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m
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-b
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 p
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tr
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tie
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s 
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ith
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A
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d 

in
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 o
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 p
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w
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 p
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, d
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 p
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 d
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 c

or
d 

in
ju

ry
, 

w
ho

 r
ec

ei
ve

d 
B

oN
T

 in
je

ct
io

ns
 2

00
 U

 
(9

2 
pa

tie
nt

s)
, 3

00
 U

 (
91

 p
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 r
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 p
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U
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l. 
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, d
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 p
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 c
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 c
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l. 
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tiv
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, d
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 p
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t d
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m

on
th

s 
af

te
r 

B
oN

T
 in
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 p
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 b
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U
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A
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U
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fic
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 p
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[3

4]
: M
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en
te

r, 
ra
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iz
ed

, d
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e-
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d,
 p
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ce

bo
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co
nt
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n 
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w
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 p
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 d
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m
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 c
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r

C
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an
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 a

l. 
[3
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: P
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tiv

e,
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ed
, d
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bl

e-
bl

in
d,
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o 
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er
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2 
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1 

of
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m
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at
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1 
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 p
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St
at

is
tic

al
ly

 s
ig

ni
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y 
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 s
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 c
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w
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on
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R
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ul
ts

B
oN
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 in

je
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io
n 

pa
tte
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C

om
m

en
ts

N
itt

i e
t a

l. 
[1

61
]:
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do
m

iz
ed

, 
m

ul
tic

en
te

r, 
pl

ac
eb

o-
co

nt
ro

lle
d 

tr
ia

l i
n 
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7 

pa
tie

nt
s,

 2
80

 p
at

ie
nt

s 
re

ce
iv

ed
 

B
oN

T
 in

je
ct

io
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, 2
77

 r
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ei
ve

d 
pl

ac
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o

A
t 1

2 
w

ee
ks

, t
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 w

as
 a

 3
–4

 f
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d 
de
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se
 in

 m
ea

n 
fr

eq
ue

nc
y 
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ur
in

ar
y 

in
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nt
in

en
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B

oN
T
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ou
p 
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m
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d 
to

 p
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bo

.
B

oN
T

 g
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 s
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fic
an
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im

pr
ov
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en

t i
n 
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l O

A
B
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m
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om
s 

an
d 

m
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tip
le

 m
ea

su
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s 
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lit
y 
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fe
 c

om
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re
d 

to
 

pl
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eb
o

O
na

bo
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lin
um

to
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nA
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00
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to
 th

e 
de

tr
us
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 m
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e

de
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á 
D

an
ta

s 
B
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er
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 e

t a
l. 

[5
1]

: 
Pr

os
pe

ct
iv

e 
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nd
om

iz
ed

, s
in

gl
e-

bl
in

de
d 

st
ud

y 
in

 2
1 

fe
m

al
e 

pa
tie

nt
s 

w
ith

 
ov

er
ac

tiv
e 

bl
ad

de
r, 

w
ho

 r
ec

ei
ve

d 
in

tr
av

es
ic

al
 in

je
ct

io
ns

 w
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 tw
o 

di
ff

er
en

t d
os

es
 o

f 
B

oN
T

M
ax

im
um

 c
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m

et
ri

c 
ca

pa
ci

ty
 

in
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ea
se

d 
in

 b
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h 
B

oN
T

 g
ro

up
s 

w
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t s

ig
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fic
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t d
if
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e 
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ee
n 
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e 
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ps
. P

at
ie

nt
s 

w
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e 
be

tte
r 
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 m
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h 
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r 
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%
 p

at
ie

nt
s 

w
ho

 r
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ei
ve

d 
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0 
U
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d 
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8.

9%
 w

ho
 r

ec
ei

ve
d 
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0 

U
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 1

2 
w

ee
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A
bo

bo
tu

lin
um

to
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nA
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0 
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 U
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je
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ed
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0 
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in

g 
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e 
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e
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h 
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 a

l. 
[2

09
]:

 R
an

do
m

iz
ed

, 
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le

-b
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d,
 p

la
ce

bo
-c

on
tr

ol
le

d 
tr
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l i

n 
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 p
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ie
nt
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w
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 n
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tr
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B
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T
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 v

s 
pl
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eb

o
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 d
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e 
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ry
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eq
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ith
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o 
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 b
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w
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U
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nd
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U

 g
ro
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O
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bo
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r 
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U
N

o 
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E

G
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i e
t a

l. 
[7

9]
: R

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-c
on

tr
ol

le
d 

cr
os

so
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r 
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ud
y 
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0 
pa

tie
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s 
w
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og
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 n
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eu
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c 
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 o
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Si
gn

ifi
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nt
 d
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fe

re
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es
 in

 th
e 

ur
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ar
y 

fr
eq

ue
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y,
 c
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ng
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 in
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id
ed
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e,
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 e
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 in
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e 

B
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T
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m
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d 
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 p
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bo

M
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®
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th
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n
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l b
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dd
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m
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 C
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[1
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ra
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, p
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 p
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 b
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 b
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 c
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 c
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[6

2]
: R

an
do

m
iz

ed
 

co
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 p
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 I

C
 

w
ho

 e
ith

er
 r

ec
ei

ve
d 

in
tr

av
es

ic
al

 b
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 =

 1
6)

 o
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 s
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ra
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lv
ic

 p
ai

n,
 u

rg
en

cy
, a

nd
 d

ys
ur

ia
 

co
m

pa
re

d 
to

 B
C

G
 g

ro
up

B
oN

T-
A

 3
00

 U

Ta
ha

 e
t a

l. 
[2

25
]:

 R
an

do
m

iz
ed

 
co

nt
ro

lle
d 

tr
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ra
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 p
ol

ys
ul

fa
te

 s
od

iu
m

 
(P

PS
) 

(n
 =

 1
4)

B
oN

T
 g

ro
up

 h
ad

 s
ig

ni
fic

an
t 

im
pr

ov
em

en
t o

ve
r 

pl
ac

eb
o 

in
 a

ll 
pa

ra
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 d
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 p
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at
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R
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]:
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m
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 c
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d 
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n 

32
 

w
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C
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ra
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le

 th
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M
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[1
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]:

 D
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, p
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-c
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le
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om

en
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m
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D
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B
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A
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es
ic

al
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 p
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ng
 th
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ri
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lts
K

uo
 e

t a
l. 

[1
21

]:
 M

ul
tic

en
te

r, 
ra

nd
om

iz
ed

, p
la

ce
bo

-c
on

tr
ol

le
d,

 
do

ub
le

-b
lin

d 
st

ud
y 

in
 6

0 
IC

/P
B

S 
pa

tie
nt

s 
ra

nd
om

iz
ed

 in
 a

 2
:1

 r
at

io
 o

f 
H

D
 +

 B
oN

T
 (

n 
=

 4
0)

: s
al

in
e 

(n
 =

 2
0)

Si
gn

ifi
ca

nt
 r

ed
uc

tio
n 

in
 p

ai
n 

in
 

th
e 

B
oN

T
 g

ro
up

 c
om

pa
re

d 
to

 
pl

ac
eb

o 
cy

st
om

et
ri

c 
bl

ad
de

r 
ca

pa
ci

ty
 in

cr
ea

se
d 

in
 th

e 
B

oN
T

 
gr

ou
p

B
oN

T-
A

 1
00

 U
A

E
 d

id
 n

ot
 d

if
fe

r 
si

gn
ifi

ca
nt

ly
 b

et
w

ee
n 

gr
ou

ps

C
hu

an
g 

an
d 

K
uo

 [
39

]:
 R

an
do

m
iz

ed
, 

tw
o-

ce
nt

er
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

- 
co

nt
ro

lle
d 

tr
ia

l i
n 

pa
tie

nt
s 

w
ith

 I
C

/P
B

S 
w

ho
 r

ec
ei

ve
d 

in
tr

av
es

ic
al

 li
po

so
m

al
 

bo
tu

lin
um

 to
xi

n 
(n

 =
 3

1)
, B

oN
T

 
in

je
ct

io
n 

(n
 =

 2
8)

 o
r 

pl
ac

eb
o 

(n
 =

 3
1)

Im
pr

ov
ed

 p
ai

n 
sc

or
es

 a
nd

 O
L

S 
sc

or
e 

in
 a

ll 
3 

gr
ou

ps
N

o 
di

ff
er

en
ce

 in
 im

pr
ov

em
en

t 
be

tw
ee

n 
th

e 
gr

ou
ps

In
tr

av
es

ic
al

 li
po

so
m

al
 

bo
tu

lin
um

 to
xi

n
O

na
bo

tu
lin

um
to

xi
nA

 2
00

 U

N
o 

si
gn

ifi
ca

nt
 A

E

Pi
nt

o 
et

 a
l. 

[1
81

]:
 S

in
gl

e-
ce

nt
er

, 
ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
- 

co
nt

ro
lle

d 
pi

lo
t t

ri
al

 in
 1

9 
w

om
en

 w
ith

 
IC

/P
B

S 
w

ho
 r

ec
ei

ve
d 

tr
ig

on
al

 
in

je
ct

io
ns

 o
f 

B
oN

T
 (

n 
=

 1
0)

 o
r 

pl
ac

eb
o 

(n
 =

 9
)

Si
gn

ifi
ca

nt
 p

ai
n 

re
du

ct
io

n 
in

 
B

oN
T

 g
ro

up
 c

om
pa

re
d 

to
 

pl
ac

eb
o 

at
 w

ee
k 

12
Si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
O

L
S 

sc
or

e 
an

d 
qu

al
ity

 o
f 

lif
e 

in
 B

oN
T

 
gr

ou
p 

co
m

pa
re

d 
to

 p
la

ce
bo

O
na

bo
tu

lin
um

to
xi

nA
 1

00
 U

 
in

je
ct

ed
 in

 tr
ig

on
e 

at
 1

0 
si

te
s

D
et

ru
so

r 
sp

hi
nc

te
r 

dy
ss

yn
er

gi
a

G
al

lie
n 

et
 a

l. 
[7

6]
: R

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-c
on

tr
ol

le
d 

tr
ia

l i
n 

86
 p

at
ie

nt
s 

w
ith

 M
S

N
o 

di
ff

er
en

ce
 in

 p
os

t-
vo

id
in

g 
re

si
du

al
 u

ri
ne

 v
ol

um
e 

(P
R

U
V

)
O

na
bo

tu
lin

um
to

xi
nA

 1
00

 U
 a

s 
si

ng
le

 tr
an

sp
er

in
ea

l i
nj

ec
tio

n 
in

to
 th

e 
sp

hi
nc

te
r
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In

di
ca

tio
n

St
ud

y
R

es
ul

ts
B

oN
T

 in
je

ct
io

n 
pa

tte
rn

C
om

m
en

ts

de
 S

èz
e 

et
 a

l. 
[5

2]
: R

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-c
on

tr
ol

le
d 

tr
ia

l i
n 

13
 p

at
ie

nt
s 

w
ith

 u
ri

na
ry

 r
et

en
tio

n 
fr

om
 

de
tr

us
or

 s
ph

in
ct

er
 d

ys
sy

ne
rg

ia
, w

ho
 

re
ce

iv
ed

 tr
an

sp
er

in
ea

l i
nj

ec
tio

ns
 o

f 
B

oN
T

 o
r 

lid
oc

ai
ne

Si
gn

ifi
ca

nt
 m

ea
n 

de
cr

ea
se

 o
f 

PR
U

V
 in

 th
e 

B
oN

T
 g

ro
up

O
na

bo
tu

lin
um

to
xi

nA
 1

00
 U

 a
s 

si
ng

le
 tr

an
sp

er
in

ea
l i

nj
ec

tio
n 

in
to

 th
e 

sp
hi

nc
te

r
O

r 
lid

oc
ai

ne

O
to

la
ry

ng
ol

og
y:

L
ar

yn
ge

al
 

dy
st

on
ia

D
at

a 
is

 b
as

ed
 o

n 
ob

se
rv

at
io

na
l s

tu
di

es
 a

nd
 r

et
ro

sp
ec

tiv
e 

ch
ar

t r
ev

ie
w

s

Sp
as

m
od

ic
 

dy
sp

ho
ni

a
D

at
a 

is
 b

as
ed

 o
n 

ob
se

rv
at

io
na

l s
tu

di
es

 a
nd

 r
et

ro
sp

ec
tiv

e 
ch

ar
t r

ev
ie

w
s

G
as

tr
oe

nt
er

ol
og

y:

A
ch

al
as

ia
M

ik
ae

li 
et

 a
l. 

[1
46

]:
 P

ro
sp

ec
tiv

e,
 

ra
nd

om
iz

ed
, s

in
gl

e-
bl

in
de

d,
 p

la
ce

bo
- 

co
nt

ro
lle

d 
tr

ia
l i

n 
40

 p
at

ie
nt

s 
w

ith
 

ac
ha

la
si

a 
w

ho
 w

er
e 

ra
nd

om
iz

ed
 to

 
re

ce
iv

e 
B

oN
T

 (
n 

=
 2

0)
 o

r 
pn

eu
m

at
ic

 
di

la
ta

tio
n 

(n
 =

 2
0)

12
-m

on
th

 r
em

is
si

on
 r

at
e 

w
as

 
si

gn
ifi

ca
nt

ly
 h

ig
he

r 
fo

r 
pn

eu
m

at
ic

 
di

la
ta

tio
n 

gr
ou

p 
th

an
 p

at
ie

nt
s 

re
ce

iv
in

g 
si

ng
le

 in
je

ct
io

n 
of

 
B

oN
T

D
ys

po
rt

®
 2

00
 U

E
ffi

ca
cy

 o
f 

a 
si

ng
le

 
pn

eu
m

at
ic

 d
ila

ta
tio

n 
is

 
si

m
ila

r 
to

 tw
o 

B
oN

T
 

in
je

ct
io

ns

B
an

sa
l e

t a
l. 

[1
4]

: R
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d 
st

ud
y 

in
 3

4 
pa

tie
nt

s 
w

ith
 

ac
ha

la
si

a 
ra

nd
om

iz
ed

 to
 r

ec
ei

ve
 B

oN
T

 
(n

 =
 1

6)
 o

r W
itz

el
 b

al
lo

on
 d

ila
ta

tio
n 

(n
 =

 1
8)

In
iti

al
 th

er
ap

y 
w

ith
 W

itz
el

 
pr

oc
ed

ur
e 

is
 a

ss
oc

ia
te

d 
w

ith
 

be
tte

r 
lo

ng
-t

er
m

 o
ut

co
m

e 
th

an
 a

 
si

ng
le

 B
oN

T
 in

je
ct

io
n

B
ot

ox
®
 8

0 
U

 in
to

 lo
w

er
 

es
op

ha
ge

al
 s

ph
in

ct
er

 (
L

E
S)

D
ue

 to
 r

is
k 

of
 p

er
fo

ra
tio

n 
w

ith
 W

itz
el

, B
oN

T
 

re
m

ai
ns

 a
 p

os
si

bl
e 

al
te

rn
at

iv
e

M
ik

ae
li 

et
 a

l. 
[1

45
]:

 R
an

do
m

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l i
n 

54
 p

at
ie

nt
s 

w
ith

 
ac

ha
la

si
a 

ra
nd

om
iz

ed
 to

 r
ec

ei
ve

 B
oN

T
 

on
e 

m
on

th
 b

ef
or

e 
pn

eu
m

at
ic

 d
ila

ta
tio

n 
(n

 =
 2

7)
 o

r 
pn

eu
m

at
ic

 d
ila

ta
tio

n 
al

on
e 

(n
 =

 2
7)

O
ne

-y
ea

r 
re

m
is

si
on

 r
at

e 
w

as
 7

7%
 

in
 B

oN
T

 g
ro

up
 c

om
pa

re
d 

to
 6

2%
 

in
 p

ne
um

at
ic

 d
ila

ta
tio

n 
gr

ou
p

In
je

ct
io

n 
of

 B
oN

T
 b

ef
or

e 
di

la
ta

tio
n 

do
es

 n
ot

 s
ig

ni
fic

an
t 

en
ha

nc
e 

th
e 

ef
fic

ac
y 

of
 

pn
eu

m
at

ic
 d

ila
ta

tio
n

D
ys

po
rt

®
 4

00
 U

 in
 L

E
S

(c
on

tin
ue

d)
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Ta

bl
e 

4.
1 

(c
on

tin
ue

d)

In
di

ca
tio

n
St

ud
y

R
es

ul
ts

B
oN

T
 in

je
ct

io
n 

pa
tte

rn
C

om
m

en
ts

Z
an

in
ot

to
 e

t a
l. 

[2
69

]:
 R

an
do

m
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l i

n 
pa

tie
nt

s 
w

ith
 

ac
ha

la
si

a 
ra

nd
om

iz
ed

 to
 r

ec
ei

ve
 B

oN
T

 
(n

 =
 4

0)
 o

r 
la

pa
ro

sc
op

ic
 m

yo
to

m
y 

(n
 =

 4
0)

A
ft

er
 6

 m
on

th
s,

 r
es

ul
ts

 w
er

e 
co

m
pa

ra
bl

e 
be

tw
ee

n 
th

e 
gr

ou
ps

B
ot

ox
®
 1

00
 U

 in
je

ct
ed

 in
 th

e 
L

E
S;

Pa
tie

nt
s 

w
ith

 a
 g

oo
d 

re
sp

on
se

 
re

ce
iv

ed
 a

 s
ec

on
d 

ro
un

d 
of

 
in

je
ct

io
n

Z
an

in
ot

to
 e

t a
l. 

[2
69

]:
 R

an
do

m
iz

ed
 tr

ia
l 

in
 3

7 
pa

tie
nt

s 
w

ith
 a

ch
al

as
ia

 w
ho

 w
er

e 
ra

nd
om

iz
ed

 to
 r

ec
ei

ve
 la

pa
ro

sc
op

ic
 

m
yo

to
m

y 
(n

 =
 2

0)
 o

r 
tw

o 
in

je
ct

io
ns

 o
f 

B
oN

T
 o

ne
 m

on
th

 a
pa

rt
 (

n 
=

 1
7)

Pr
ob

ab
ili

ty
 o

f 
be

in
g 

as
ym

pt
om

at
ic

 2
 y

ea
rs

 la
te

r 
w

as
 

34
%

 f
or

 B
oN

T
 a

nd
 9

0%
 f

or
 

m
yo

to
m

y
N

o 
si

gn
ifi

ca
nt

 d
if

fe
re

nc
e 

in
 c

os
t 

ef
fe

ct
iv

en
es

s 
be

tw
ee

n 
th

es
e 

tw
o 

gr
ou

ps
 o

ve
r 

2 
ye

ar
s

Tw
o 

in
je

ct
io

ns
 o

f 
B

ot
ox

®
 1

00
 U

 
in

je
ct

ed
 o

ne
 m

on
th

 a
pa

rt

A
na

l fi
ss

ur
e

B
ri

si
nd

a 
et

 a
l. 

[2
9]

: R
an

do
m

iz
ed

, 
pl

ac
eb

o-
co

nt
ro

lle
d 

tr
ia

l i
n 

50
 p

at
ie

nt
s 

in
je

ct
ed

 w
ith

 B
oN

T
 o

r 
ni

tr
og

ly
ce

ri
n 

ap
pl

ic
at

io
n 

tw
ic

e 
da

ily

96
%

 p
at

ie
nt

s 
in

 th
e 

B
oN

T
 g

ro
up

 
ha

d 
he

al
in

g 
of

 a
na

l fi
ss

ur
e 

at
 

2 
m

on
th

s 
co

m
pa

re
d 

to
 6

0%
 in

 th
e 

pl
ac

eb
o 

gr
ou

p,
 w

hi
ch

 w
as

 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t

O
na

bo
tu

lin
um

to
xi

nA
 2

0 
U

9 
pa

tie
nt

s 
in

 th
e 

ni
tr

og
ly

ce
ri

n 
gr

ou
p 

cr
os

se
d 

ov
er

 to
 th

e 
B

oN
T

 
gr

ou
p 

du
e 

to
 la

ck
 o

f 
be

ne
fit

; 1
 

pa
tie

nt
 in

 B
oN

T
 g

ro
up

 c
ro

ss
ed

 
ov

er
 to

 n
itr

og
ly

ce
ri

n 
gr

ou
p 

du
e 

to
 la

ck
 o

f 
be

ne
fit

D
e 

N
ar

di
 e

t a
l. 

[5
0]

: R
an

do
m

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l i
n 

30
 p

at
ie

nt
s 

w
ho

 
re

ce
iv

ed
 e

ith
er

 B
oN

T
 (

n 
=

 1
5)

 o
r 

0.
2%

 
gl

yc
er

in
e 

tr
in

itr
at

e 
(G

T
N

) 
oi

nt
m

en
t 

th
re

e 
tim

es
 d

ai
ly

 a
t t

he
 a

na
l m

ar
gi

n

12
 p

at
ie

nt
s 

in
 G

T
N

 g
ro

up
 a

nd
 1

1 
pa

tie
nt

s 
in

 B
oN

T
 g

ro
up

 h
ad

 r
el

ie
f 

in
 s

ym
pt

om
s 

at
 o

ne
 m

on
th

 v
is

it;
 

no
 s

ig
ni

fic
an

t d
if

fe
re

nc
e 

be
tw

ee
n 

th
e 

gr
ou

ps

O
na

bo
tu

lin
um

to
xi

nA
 2

0 
U

 in
to

 
th

e 
in

te
rn

al
 a

na
l s

ph
in

ct
er

 o
n 

ea
ch

 s
id

e 
of

 a
nt

er
io

r 
m

id
lin

e

N
o 

in
co

nt
in

en
ce

 in
 e

ith
er

 
gr

ou
p

B
ri

si
nd

a 
et

 a
l. 

[2
8]

: R
an

do
m

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l i
n 

10
0 

pa
tie

nt
s,

 w
ho

 
w

er
e 

ra
nd

om
iz

ed
 to

 r
ec

ei
ve

 B
oN

T
 

(3
0 

U
 B

ot
ox

®
 o

r 
90

 U
 D

ys
po

rt
®
) 

or
 

0.
2%

 n
itr

og
ly

ce
ri

n 
oi

nt
m

en
t

92
%

 p
at

ie
nt

s 
(4

6 
of

 5
0 

pa
tie

nt
s)

 
in

 B
oN

T
 g

ro
up

 a
nd

 7
0%

 p
at

ie
nt

s 
in

 n
itr

og
ly

ce
ri

n 
gr

ou
p 

(3
5 

of
 5

0 
pa

tie
nt

s)
 h

ad
 h

ea
le

d 
an

al
 fi

ss
ur

es
 

at
 2

 m
on

th
s.

12
 p

at
ie

nt
s 

fr
om

 n
itr

og
ly

ce
ri

n 
gr

ou
p 

an
d 

4 
fr

om
 B

oN
T

 g
ro

up
 

cr
os

se
d 

ov
er

 to
 th

e 
ot

he
r 

gr
ou

p 
du

e 
to

 in
ad

eq
ua

te
 b

en
efi

t

30
 U

 B
ot

ox
®
 o

r
90

 U
 D

ys
po

rt
®
 in

je
ct

ed
 in

to
 

in
te

rn
al

 a
na

l s
ph

in
ct

er

M
ild

 in
co

nt
in

en
ce

 a
nd

 
fla

tu
s 

in
 B

oN
T

 g
ro

up
 th

at
 

la
st

ed
 3

 w
ee

ks
M

ild
 h

ea
da

ch
e 

in
 

ni
tr

og
ly

ce
ri

n 
gr

ou
p
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tio
n
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y
R
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B

oN
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n 
pa
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C
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m
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ts
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 e

t a
l. 

[7
0]

: R
an

do
m

iz
ed

 b
lin

de
d 

tr
ia

l i
n 

10
8 

pa
tie

nt
s 

w
ith

 a
na

l fi
ss

ur
e,

 
ra

nd
om

iz
ed

 to
 g

et
 B

oN
T

 in
je

ct
io

n 
an

d 
pl

ac
eb

o 
oi

nt
m

en
t o

r 
pl

ac
eb

o 
in

je
ct

io
n 

an
d 

is
os

or
bi

de
 d

in
itr

at
e 

(I
SD

N
) 

oi
nt

m
en

t

14
 o

f 
37

 p
at

ie
nt

s 
in

 B
oN

T
 g

ro
up

 
an

d 
21

 o
f 

36
 p

at
ie

nt
s 

in
 I

SD
N

 
gr

ou
p 

ha
d 

he
al

in
g 

of
 a

na
l fi

ss
ur

e 
af

te
r 

4 
m

on
th

s;
 B

oN
T

 n
ot

 f
ou

nd
 

to
 h

av
e 

an
 a

dv
an

ta
ge

 o
ve

r 
IS

D
N

O
na

bo
tu

lin
um

to
xi

nA
10

 U
 to

 e
ac

h 
si

de
 o

f 
an

te
ri

or
 

m
id

lin
e 

in
 th

e 
in

te
rn

al
 a

na
l 

sp
hi

nc
te

r 
(2

0 
un

its
 to

ta
l)

B
er

ke
l e

t a
l. 

[1
9]

: M
ul

tic
en

te
r 

ra
nd

om
iz

ed
 c

lin
ic

al
 tr

ia
l i

n 
60

 p
at
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guidance. There was subtle improvement in two patients, worsening of posture in 
one, and marked worsening in one patient. At the highest doses, all patients com-
plained of mild hip weakness [247].

Another study in two patients where 300 units of BoNT was injected in the rectus 
abdominis with CT guidance showed no improvement in symptoms after BoNT 
injection [42].

A case report of a single patient with camptocormia, who had insufficient benefit 
in trunk posture and pain after rectus abdominis injection, was injected with 
200 units of onabotulinumtoxinA in the external oblique on one side and rectus 
abdominis on the other side. This led to an improvement in trunk posture and 
improvement in pain. This patient had a partial resection of rectus abdominis on one 
side for breast cancer reconstruction surgery [257]. This was based on the observa-
tion in a previous study where injection of lidocaine into external oblique muscles 
in patients with camptocormia resulted in an improvement in posture and pain in 8 
of 12 patients [75].

(d) Pisa syndrome
Pisa syndrome refers to the marked lateral flexion of the trunk, of more than 10°, 
improves with lying down, and with passive manipulation. This is estimated to have 
a prevalence of about 8% in PD patients with longer disease duration [59], and in 
patients with atypical parkinsonian syndromes.

In a randomized placebo-controlled trial involving 26 patients, 13 patients 
received BoNT injections while the remaining 13 received saline injections for 
camptocormia. Between 50 and 200  units of incobotulinumtoxinA was injected 
using EMG guidance into iliopsoas, rectus abdominis, thoracic, or lumbar paraver-
tebral muscles. There was significant improvement in trunk posture in the patients 
injected with BoNT and also in pain and range of motion [229].

In an open label pilot study of the effect of BoNT in Pisa syndrome, 13 of 15 
patients initially enrolled completed follow-up assessments, and of these, 11 patients 
had at least 40% improvement in posture, and all patients had improvement in pain/
discomfort. Between 50 and 75 units of onabotulinumtoxinA was injected into the 
paraspinal muscles under ultrasound or EMG guidance, and between 25 and 50 units 
injected in the non-paraspinal muscles with pathologic hyperactivity on EMG [9].

 Hemifacial Spasm (HFS)

HFS is characterized by unilateral, involuntary clonic contraction of muscles inner-
vated by the seventh cranial nerve. This is often due to an aberrant vascular loop 
compressing the exiting nerve root [262]. Secondary HFS could occur when seventh 
cranial nerve is damaged due to tumor, infection, Bell’s palsy, or demyelinating 
causes. HFS is primary in 79% patients and secondary in 21% [116].

There is level C (possibly effective) recommendation for the use of BoNT in 
HFS. The evidence for the use of BoNT is not optimal but the initial open label 
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studies showed significant degree of benefit and this has discouraged larger con-
trolled studies for this condition [215]. However, BoNT has become the mainstay 
first-line treatment for HFS and both primary and secondary HFS respond well to 
BoNT injection [116]. Pretarsal injections have been noted to be more beneficial to 
help the eyelid spasms in HFS than preseptal injections [31].

An open trial studied the effects of BoNT in 101 patients with HFS. Of 144 treat-
ments, 98.6% had significant improvement in symptoms. This study initially started 
as a double-blind study with 8 patients randomized to receive BoNT and 4 patients 
in the placebo arm received saline injections. Due to the benefits noted with BoNT, 
the remaining patients were studied in an open trial and all patients treated with 
BoNT received benefit after the first injection for HFS. Patients with suboptimal 
benefit received repeat injections 7–10 days after the first round of BoNT [175]. 
This practice is generally discouraged due to concern for immunoresistance with 
injections repeated less than 3 weeks apart [17]. Dry eye, facial weakness, and pto-
sis were the adverse effects noted.

A prospective, placebo-controlled blinded study in 11 patients with HFS showed 
subjective improvement in 79% and objective improvement in 84% after BoNT 
injections [265].

In a single-blinded randomized parallel group study comparing two BoNT prod-
ucts, onabotulinumtoxinA (Botox®) and abobotulinumtoxinA (Dysport®) were 
studied in 49 patients with HFS.  Similar improvement was noted with the two 
BoNT products with a slightly higher number of patients needing booster injections 
with Dysport® than with Botox®. A conversion ratio of 4:1 was used for Dysport®: 
Botox® to estimate an equivalent potency [205]. In a study of BoNT in blepharo-
spasm and HFS, 28 patients with HFS had improvement in symptoms with the 
injection of BoNT to pretarsal orbicularis oculi [31]. In a retrospective chart, review 
of 32 patients injected with BoNT for blepharospasm and HFS, 11 patients had 
HFS. There was improvement in symptoms with BoNT injections, and these per-
sisted with repeat treatments over the course of 10 years. A slightly higher dose was 
needed for similar benefits over time [1].

 Synkinesis

Aberrant regeneration of the facial nerve after facial nerve injury or paralysis from 
a variety of etiologies could result in abnormal movement of facial muscles called 
synkinesis. The involved muscles could include eyelid and upper or lower facial 
muscles. BoNT can treat these abnormal movements to restore facial symmetry in 
these patients.

A double-blind multicenter placebo-controlled trial evaluated the use of BoNT 
in 30 patients with synkinesis and an additional 6 patients in an open label pilot 
study design. Etiology of facial paralysis for patients in this study included chronic 
Bell’s palsy in 20 patients, post-acoustic neuroma surgery in 4 patients, Ramsey-
Hunt syndrome in 4 patients and one patient after mastoiditis and another after 
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meningioma resection. BoNT/A injected to the synkinetic side suppressed the 
degree of abnormal movements associated with different facial movements in both 
study designs. In the double-blind placebo-controlled study, 15 patients received 
BoNT injections and were compared to 15 patients who received placebo. In this 
study, there was reduction in the synkinetic movements based on videotape and 
blinded physician examination and improvement in quality of life, vision, social 
interaction, and self-perception of facial asymmetry [21].

Another study compared onabotulinumtoxinA to abobotulinumtoxinA in 
facial synkinesis by injecting BoNT to the non-paralyzed side of the face using a 
dose conversion ratio of 1:3, which is the most commonly used conversion ratio. 
After randomization, 25 patients received onabotulinumtoxinA and 30 patients 
received abobotulinumtoxinA with doses individualized to the patients. Both 
toxins showed an improvement in facial asymmetry after injections using subjec-
tive and objective assessments. Facial symmetry was assessed subjectively by 
independent evaluation by two plastic surgeons on a four-point scale, and objec-
tive evaluation included Clinical Score for Facial Palsy and Facial Disability 
index [57].

A randomized placebo-controlled trial in 20 patients with facial palsy followed 
by synkinesis evaluated the effects of BoNT in these patients. Ten were randomized 
to receive BoNT followed by neuromuscular retraining therapy (NMRT), which is 
an exercise program to improve synkinesis, compared to 10 patients who received 
NMRT alone. There was significant improvement in synkinesis in the BoNT group 
compared to placebo [46, 152].

Another randomized single-blind three-arm comparison clinical trial compared 
three different BoNT types, onabotulinumtoxinA, abobotulinumtoxinA, and inco-
botulinumtoxinA, in 28 patients with facial synkinesis. Of these, 6 patients were 
enrolled multiple times. Of a total of 38 treatment visits, 15 were onabotulinum-
toxinA, 13 abobotulinumtoxinA, and 10 incobotulinumtoxinA injection visits. 
There was no significant difference in SAQ score improvement between the three 
toxin groups, implying similar efficacy of these toxins for facial synkinesis up to 
4 weeks. At 4 weeks, incobotulinumtoxinA had less effect on SAQ scores compared 
to onabotulinumtoxinA, probably due to shorter duration of action. Higher doses 
may be needed to allow for longer duration of benefit when using incobotulinum-
toxinA for facial synkinesis [231].

In addition to these randomized clinical trials, there are multiple other open label 
studies showing benefits of BoNT in synkinesis.

A prospective cohort study in 23 patients who received BoNT injections for 
facial synkinesis showed improvement in synkinesis after injections. Some of these 
patients got injections to the buccinator muscle, which is thought to be a symptom-
atic muscle in synkinesis. Although all patients who received BoNT injections had 
improved synkinesis, patients who received injections to the buccinator had greater 
improvement in post-injection scores and greater difference between the pre- and 
post-injection scores on the Synkinesis Assessment Questionnaire (SAQ). 
Buccinator injections were performed, using EMG guidance, below the dentate line 
in the buccal mucosa anterior to the level of Stenson’s duct [176].
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Another prospective cohort study in 99 patients with facial synkinesis who 
received BoNT injections showed that there was significant improvement in synki-
nesis after BoNT injections. Bell’s palsy and facial paralysis after resection of ves-
tibular schwannoma were the main etiology preceding facial synkinesis in these 
patients. A group of 6 muscles including corrugator, orbicularis oculi superioris, 
orbicularis oculi inferioris, risorius, mentalis, and platysma were injected in these 
patients. SAQ was used to assess symptoms pre and post injections. Higher doses of 
BoNT injections resulted in increased improvement in SAQ scores [212].

In a cohort of 51 patients who received BoNT injections, SAQ was administered 
pre and post injections. There was significant improvement in SAQ scores and 
improvement in scores for every question on the SAQ post onabotulinumtoxinA 
injection compared to the pre scores [158].

 Orofacial and Oromandibular Dystonia

Orofacial/oromandibular dystonia (OMD) refers to dystonic contraction of the 
facial muscles along with pharyngeal, laryngeal, and masticatory muscles [116]. 
This could accompany dystonia in the neck as part of cranial cervical dystonia. 
There are numerous case reports and case series describing the benefit of BoNT in 
OMD, but there is paucity of well-designed, placebo-controlled trials [144, 151]. 
Jaw closing dystonia with or without bruxism tends to be more responsive to BoNT 
than jaw opening dystonia [218, 226]. In a double-blind, placebo-controlled trial of 
23 patients with sleep bruxism treated with BoNT/A injections into masseter and 
temporalis (60 and 40  units each, respectively) or placebo, the clinical global 
impression and the visual analog scale favored the BoNT/A group [166].

A prospective, longitudinal, observational case series evaluated 30 patients with 
focal facial dystonia pre and post BoNT injections using Abnormal Involuntary 
Movement Scale (AIMS). BoNT doses between 3 and 100 units were used (mean 
dose 27.4 units). There was improvement in the AIMS score and the percentage of 
improvement depended on the dose injected, the area affected, and the etiology. 
However, among patients with facial dystonia, this study included 11 patients with 
HFS and 7 patients with facial paralysis, all inappropriately listed under the facial 
dystonia class [197].

In a large prospective open label study looking at the safety and efficacy of BoNT 
in OMD, 162 patients with OMD had Botox® injections in either the masseter or the 
submental complex or both muscle groups. Jaw closing dystonia was the most com-
mon type in this study and the majority had primary/idiopathic dystonia. 110 of the 
162 patients had a global improvement of ≥3 on a scale where 4 means complete 
resolution/marked improvement of symptoms [226].

A cross-sectional survey of 23 patients, 5 with OMD, showed that patients with 
OMD had benefits noted on the Glasgow Benefit Inventory (GBI). This question-
naire evaluates quality of life after otolaryngologic interventions, in this case, BoNT 
for spasmodic dysphonia and OMD. The benefit was less than what was noted in 
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patients with spasmodic dysphonia (SD), but there was not a significant difference 
between the groups. All patients with SD and OMD noticed benefits after BoNT 
injections [20].

Another similar study in 12 patients with jaw opening OMD, using GBI scores 
pre and post BoNT injections showed a significant improvement in quality of life 
after BoNT injections. Doses of 40 units or more were injected into the lateral ptery-
goid muscles bilaterally with an additional midline injection of 10 units into the 
submental complex for patients with suboptimal benefit despite dose increase to the 
lateral pterygoid muscles. There was significant reduction in the GBI scores after 
BoNT injections. There were no major adverse effects [36].

 Neuro-rehabilitation: Spasticity

BoNT has level A evidence of efficacy in patients with upper- and lower-limb 
spasticity [105]. There are several reports which show a significant reduction in 
post- stroke spasticity in patients receiving BoNT. There is also improved pain with 
reduced spasticity in these patients. However, a meta-analysis of six studies 
reported no significant improvement in functional status or change in disability 
after BoNT injections. However, there was a trend toward reduced spasticity-
related pain [194]. The AAN Practice Update in 2016 and a meta-analysis by Sun 
et al. in 2019 lists several randomized placebo-controlled trials which show the 
efficacy and safety of BoNT in patients with upper- and lower-limb spasticity [217, 
223]. Some of these studies, along with a brief description, are listed in Table 4.1. 
BoNT injections in patients with spasticity should occur in conjunction with 
aggressive neurorehabilitation for improved functional status and reduced disabil-
ity in this patient population.

 Tics

There are not many studies providing good-quality evidence for this indication, but 
BoNT injections continue to be a strategy that is considered when tics are at danger 
of causing secondary complications or if there are isolated simple tics affecting one 
body segment which is not responding well to medications [131, 230]. For example, 
with whiplash tics, which are forceful and repetitive, there is a risk of cervical 
myelopathy and cord injury if left untreated or inadequately treated. With forceful 
repetitive eye blinking tics, there could be functional blindness, which could limit 
driving or potentially result in harmful situations. BoNT injections into the vocal 
cords have been found to be very effective in the treatment of troublesome phonic 
tics, including coprolalia [122]. There are reports on the efficacy of BoNT in reduc-
ing tic frequency and severity, and this is also thought to reduce the premonitory 
urge associated with both motor and phonic tics. A small randomized double-blind 
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placebo-controlled cross-over study involving 18 patients with tics, noted a signifi-
cant improvement in tic frequency and the urge leading up to the tic. However, this 
study interestingly noted that the patients did not appreciate any improvement in 
their tics. This discrepancy between the lack of adequate benefit noted by the 
patients and significant tic reduction observed by the examiner was thought to be 
due to presence of other tics in muscle groups that were not injected [141].

A Cochrane review which looked into the utility of BoNT for the treatment of 
motor and phonic tics was able to only find one study that met their selection criteria 
[170]. This is the study mentioned above by Marras et al. in 2001. The overall ben-
eficial effect of BoNT was deemed to be uncertain by the Cochrane review [170].

There are other small open label studies where there has been improved patient- 
reported tic control after BoNT injection. In an open label study of BoNT in 35 
patients with tics, 29 patients reported an improvement in tics after BoNT injec-
tions, and 21 of 25 patients with a premonitory urge noted an improvement in this 
urge after BoNT injections [122].

 Autonomic Disorders

(a) Sialorrhea
Sialorrhea may accompany several neurological disorders including PD, atypical 
parkinsonian conditions, amyotrophic lateral sclerosis (ALS), and cerebral palsy. 
Sialorrhea results in social embarrassment for the patient and family members and 
in addition could result in tissue breakdown where saliva pools in the neck or result 
in fungal infections from drooling and constant moisture. BoNT works by inhibiting 
acetylcholine release at the parasympathetic ganglion, thereby reducing saliva 
secretion [100]. In these patients, drooling is often thought to be due to decreased 
swallowing more than due to overproduction of saliva [157].

There are several randomized controlled trials showing efficacy of BoNT in sial-
orrhea [123, 179, 221]. Injections are typically done in the parotid gland and sub-
mandibular glands, with benefits lasting between 3 and 6 months, with injections 
repeated for benefit maintenance. Both BoNT type A and B could be used for injec-
tions with benefit in sialorrhea [214].

Over 50% patients with ALS have problems with sialorrhea and trouble handling 
the secretions. Trouble swallowing saliva due to bulbar involvement contributes to 
this symptom. About 20% patients have sialorrhea despite the use of anticholinergics 
or have side effects limiting the use of oral medications. A systematic review of five 
small studies in 28 patients showed positive benefit of BoNT on sialorrhea in this 
patient population [221]. This review included 5 small studies, two of which showed 
reduction in sialorrhea after BoNT-A injection [80, 258], one study showed no 
change in the number of tissue papers used and no subjective effect on sialorrhea 
[210], another showed some improvement based on QoL questions in 5 patients 
[138], and the last included study showed 30% reduction in daily tissue use and 
improvement in drooling impact score in over half the patients with bulbar ALS [241].
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Between 40% and 80% patients with PD have sialorrhea. BoNT is thought to 
probably be safe and effective for treating drooling in patients with PD [157]. 
Oropharyngeal dysphagia due to bradykinesia is thought to cause sialorrhea. A 
double- blind placebo-controlled trial of the use of BoNT in sialorrhea in 32 PD 
patients showed that there was significant improvement in sialorrhea when assessed 
a month after injecting 50 units of BoNT in each parotid when compared to placebo 
[123]. Another double-blind study involving 20 parkinsonian patients, 14 with PD 
and 6 with multiple system atrophy (MSA), showed significant improvement in 
sialorrhea starting a week after injecting 145  units of BoNT in bilateral parotid 
glands and 80  units in each submandibular gland [136]. Another double-blind 
placebo- controlled trial in 54 patients also showed improved salivation after BoNT 
injection [37]. A list of double-blind placebo-controlled trials evaluating the use of 
BoNT in patients with sialorrhea has been listed in Table 4.1.

BoNT has been studied for sialorrhea from other etiology as well. In pediatric 
population with neurologic impairment, Dohar, J retrospectively looked at the effect 
of BoNT for sialorrhea in a long-term study which showed persistent benefit of 
BoNT over time in 112 children over the study period of 9 years [58].

(b) Hyperhidrosis
Sweating abnormalities could be seen in patients with PD with prevalence as high 
as 60%. Injection of BoNT is thought to work by inhibiting acetylcholine at the 
parasympathetic nerve terminals [250]. The use of BoNT in these patients is based 
on studies done on patients with essential hyperhidrosis.

Primary focal hyperhidrosis is a disorder of excessive sweating which could be 
localized to the axilla, palms, soles, or forehead. Based on the 2008 AAN review, 
BoNT is established to be safe and effective in axillary hyperhidrosis and is proba-
bly safe and effective for use in patients with palmar hyperhidrosis [157]. A list of 
randomized controlled trials that led to these recommendations is briefly described 
in Table 4.1.

 Otolaryngology

BoNT is the preferred treatment for laryngeal dystonia/spasmodic dysphonia (SD), 
a form of focal dystonia affecting the larynx and vocal cords resulting in a strained 
effortful voice or irregular, interrupted speech during spasms of vocal cords [198]. 
There are three main different subtypes are adductor SD, abductor SD, and mixed 
SD. Abductor SD is characterized by a breathy voice and breaks in speech due to 
inappropriate glottal opening during speech. The posterior cricoarytenoid muscles 
are the main muscles involved in abductor SD. In Adductor SD, there is a strained 
quality to the voice and speech interruptions due to excessive glottal closure [213]. 
Injection of BoNT into thyroarytenoid muscle improves the symptoms of adductor 
spasmodic dysphonia [153]. In a survey of 70 physicians who inject patients with 
SD, where they collectively injected over 4000 patients with SD over the prior year. 
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In this survey, the physicians self-reported that the majority used EMG to inject the 
thyroarytenoid or throarytenoid-lateral cricoarytenoid muscle complex or for 
adductor SD via transcricothyroid membrane approach. A substantial majority 
(87%) preferred to start with bilateral injections. For abductor SD, 92% targeted the 
posterior cricoarytenoid muscle alone, 31 physicians (51%) preferred the anterior 
transcricoid injection approach, and 67% used EMG guidance for the injec-
tions [213].

A prospective, observational study in 30 patients with laryngeal dystonia (LD), 
with or without accompanying jaw dystonia, evaluated the effect of BoNT in 
patients with LD using oromandibular dystonia questionnaire-25 (OMDQ-25). This 
study noted a significant reduction in the OMDQ-25 scores after BoNT injections at 
4 and 8 weeks post injection. No major adverse effects were observed. A consistent, 
measurable improvement in quality of life was noted after BoNT injections in LD 
patients with the injection of genioglossus and other muscles in the oromandibular 
region [155].

A cross-sectional survey of 23 patients, 18 with SD and 5 with OMD, showed 
that patients with SD had significant benefit in symptoms noted after BoNT injec-
tions when quantified on the Glasgow Benefit Inventory. The benefit was higher in 
the SD group than patients with OMD [20].

The dose of BoNT required for adductor spasmodic dysphonia typically tends to 
reduce over time. A retrospective chart review in the charts of 44 patients who were 
on BoNT treatment for adductor Spasmodic Dysphonia showed that over time, 
patients received less BoNT doses over a course of 10 years with maintained benefit 
[22]. Similar results were noted by another study where the BoNT doses required 
reduced over time when patients were observed for a 20-year period. Unilateral or 
bilateral thyroarytenoid muscles were injected in these patients [153].

A retrospective study of 8 patients with adductor SD as part of Meige syndrome, 
who received BoNT injections under EMG guidance had clinically relevant 
improvement noted after injections [177].

A retrospective chart review in 32 patients with adductor spasmodic dysphonia, 
who received EMG-guided intracordal BoNT injections, were performed. Doses of 
BoNT injected ranged from 2.74 U to 3.85 U, with mean dose of 3.64 U. There was 
significant improvement in voice quality after 1 month and this stabilized after 
3 months [139].

 Urology

Overactive bladder affects 12–17% of the general population at some point in life, 
of which about a third experience urge incontinence [161]. BoNT chemodenerva-
tion is the third-line treatment for overactive bladder (OAB) in patients that have 
refractory symptoms despite behavioral and pharmacologic treatment [224].

Mechanism of action for the benefit is thought to be secondary to blockage of 
synaptic release of acetylcholine, resulting in paralysis of detrusor muscle, and 
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relaxation and improvement in symptoms of overactive bladder. There is, however, 
increasing evidence that BoNT has effects on afferent nerve terminals as well. There 
is now high-quality evidence for the efficacious use of BoNT in detrusor overactiv-
ity. Effects from BoNT last about 8–11 months before injections have to be repeated 
[171]. Urinary retention is a possible adverse effect, and patients may need to self- 
catheterize for urinary retention, if this happens.

In an open label study in 20 PD patients with overactive bladder, 100 units of 
onabotulinumtoxinA was injected into submucosal intradetrusor. This resulted in 
improved bladder symptoms at 1 and 3 months, and 50% decreased incontinence 
episodes over 6 months. 57% had moderate to marked improvement [7].

In another open label study of onabotulinumtoxinA in 24 PD patients with OAB, 
100 units of onabotulinumtoxinA was injected into bladder wall and trigone. In this 
study, 79.2% patients had improved symptoms of OAB at 4 weeks, and 29.1% had 
resolution of urge incontinence [248].

A large randomized placebo-controlled clinical trial in 557 patients with OAB, 
280 of who received BoNT injections for urge incontinence refractory to anticholin-
ergic medications, about 65% of BoNT-treated patients had improvement in symp-
toms. The rate of urinary retention in these patients was 5.4% [161].

In a prospective randomized single-blinded trial in 21 female patients with OAB 
who had failed first-line and second-line therapies, abobotulinumtoxinA was 
injected at two doses of 300 U and 500 U. Intravesical injections were done at 30 
sites, avoiding the trigone. At 12 weeks, there was significant improvement in 91% 
patients in both groups. Patients were better or much better in 70% patients who 
received 300  U and in 88.9% patients who received 500  U BoNT injections at 
12 weeks; and in 50% who received 300 U and in 100% at 500 U at 24 weeks. 
Intravesical injections of 500 U improved quality of life and symptoms for longer 
periods of time than 300 U [51].

There are several other trials which demonstrated the benefits of BoNT for over-
active bladder, some of which are listed in Table 4.1.

BoNT has also been used to treat interstitial cystitis (IC)/bladder painful syn-
drome. Several randomized controlled trials (RCT) have evaluated the efficacy of 
BoNT in IC, some of which have been described briefly in Table 4.1.

 Gastroenterology

(a) Esophageal motility disorders
BoNT has been used for the treatment of spastic esophageal motility disorders and 
achalasia. BoNT provides short-term symptom relief in patients who are considered 
high risk for more invasive surgical treatment options like myotomy or esophageal 
dilatation [239]. BoNT is considered less efficacious than the surgical alternatives 
[190] but could be considered in high-risk surgical candidates. About 70–90% of 
patients notice improvement in symptoms within a month of injection; but over half 
requires repeat injections within 6–24 months [239].
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There are several randomized controlled trials that evaluated the benefits of 
BoNT in achalasia. A meta-analysis that evaluated this deemed that there were bet-
ter remission rate and reduced relapse rate in patients that received pneumatic dila-
tation when compared to BoNT injections [253]. Several of these RCTs are included 
in Table 4.1.

In patients with nonachalasia spastic dysmotility disorders, BoNT may improve 
dysphagia symptoms, based on small retrospective studies [220].

(b) Anal fissure
Anal fissure is a linear ulceration in the anal canal, affecting especially young adults, 
resulting in pain and bleeding after defecation. Chronic anal fissure is a fissure that 
persists after 4–12 weeks of treatment. BoNT injection into the internal anal sphinc-
ter or intersphincteric groove is a minimally invasive procedure that results in symp-
tom release, often for 3 months. Flatus (18%) and fecal incontinence (5% of patients) 
are possible side effects with less of a risk of fecal incontinence when compared to 
the other surgical interventions including lateral internal sphincterotomy (LIS), 
which is first-line surgery for medically refractory anal fissure [15]. Three meta- 
analysis showed that LIS is superior to BoNT for anal fissure, but there is less of a 
risk of fecal incontinence with BoNT injections compared to LIS [15]. In a retro-
spective observational study of 128 patients treated with BoNT over 5 years, 46.6% 
of patients had complete response, 23.9% had partial response, and 29.5% were 
refractory. Complete response was defined by symptomatic improvement along 
with anal fissure healing, while partial response including symptomatic improve-
ment without fissure healing and refractory patients had neither symptomatic 
improvement or fissure resolution [15]. Reported dosages of BoNT vary between 20 
and 100 units injected into the internal anal sphincter, under the anal fissure, on both 
sides of the fissure, or circumferential injections, with no one method deemed supe-
rior to another [15, 86, 251].

A meta-analysis identified six randomized controlled trials evaluating the effect 
of BoNT in chronic anal fissure which showed that BoNT has fewer side effects 
than topical nitrates, but there is no difference in fissure healing or recurrence [202]. 
These studies are briefly described in Table 4.1.

(c) Internal anal sphincter achalasia
Internal anal sphincter achalasia is a condition similar to Hirschsprung disease but 
with ganglion cells preserved. BoNT has been studied in this condition. A meta- 
analysis that looked at 16 prospective and retrospective studies deemed posterior 
myectomy to be a more efficacious procedure than interspincteric BoNT in patients 
with internal anal sphincter achalasia [74].

(d) Constipation
There are a few open label studies looking into the utility of BoNT for constipation 
[111]. In an open label involving 10 patients, onabotulinum toxin A was injected 
into the puborectalis muscle; there was reduced rectal tone while straining [6]. In 
another study involving 18 patients, where 100 units of onabotulinum toxin A was 
injected at two sites on the puborectalis muscle, there was subjective symptomatic 
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improvement in 10 patients at 2 months and in 8 patients at 1 month post injection. 
There was also a significant reduction in the straining pressure [30].

(e) Gastroparesis
Pyloric sphincter dysfunction could result in delayed gastric emptying and lead to 
idiopathic and diabetic gastroparesis; and relaxation of this using BoNT has been 
postulated to improve gastroparesis. There are some case reports and case series on 
the use of BoNT for gastroparesis.

In a case series of two patients with PD who had gastroparesis diagnosed by 
gastroenterologist via gastric emptying study (GES), both received 100 U of BoNT 
into the pyloric sphincter via endoscopy and was followed for 4–8 weeks. The first 
patient had complete resolution of abdominal discomfort and nausea at 5 weeks and 
a repeat GES was “within normal limits.” The second patient had complete resolu-
tion of nausea and abdominal discomfort after 2 months from injection and repeat 
GES was normal [81].

In another case series of ten patients with idiopathic gastroparesis not respond-
ing to medications, 80–100  U of BoNT was injected into the pyloric sphincter. 
There was significant improvement in mean solid gastric retention 4 weeks after 
injections and significant improvement in symptoms as well after BoNT injec-
tions [147].

In a case series of six patients with diabetic gastroparesis and an abnormal solid 
phase gastric emptying study, injection of 100 U of BoNT into the pyloric sphincter 
improved symptoms. There was mean improvement of 55% in subjective symptoms 
by 2 weeks, with improvement maintained at 6 weeks [67].

 Pain Medicine

BoNT has been found to have an effect on many peripheral and central mecha-
nisms of pain and has been studied in multiple conditions associated with pain 
[142]. At the peripheral nerve endings, BoNT inhibits the secretion of pain modu-
lators like substance P, calcitonin gene–related peptide (CGRP), glutamate from 
nerve endings, and dorsal root ganglion; reduces local inflammation at the nerve 
endings; and is also thought to potentially have a regenerative effect on injured 
nerves [142, 174]. Currently, chronic migraine is the only FDA-approved pain 
condition for which BoNT is approved. BoNT is also approved for use in spastic-
ity and could help relieve spasticity-related pain. BoNT has also been observed to 
reduce pain associated with dystonia. BoNT has been studied in painful temporo-
mandibular disorders in several RCTs, but the level of evidence was low and 
insufficient to support the use of BoNT for this condition. However, BoNT was 
well tolerated without significant increase in adverse effects [135]. BoNT is being 
studied for use in neuropathic pain conditions and considered effective in the 
treatment of conditions including post-herpetic neuralgia, diabetic neuropathy, 
trigeminal neuralgia, and intractable neuropathic pain [174]. There are smaller 
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studies showing a beneficial role of BoNT in occipital neuralgia, carpal tunnel 
syndrome, phantom limb pain, and some randomized controlled trials showing a 
beneficial role of BoNT in spinal cord injury–related neuropathic pain and central 
post-stroke pain [174]. The possible role for BoNT in pain management is being 
increasingly recognized and studied. Evidence for a few of these indications is 
briefly discussed below. Other pain conditions will be discussed in further detail 
in a separate chapter.

(a) Trigeminal neuralgia
A randomized double-blind placebo-controlled trial in 84 patients who received 
submucosal and intradermal injections of BoNT/A at two doses of 25 U and 75 U 
showed that patients had reduced pain, with patient reports of being “much 
improved” or “very much improved.” The response rate was 70.4% for the 25 U 
group and 86.2% for 75 U group, significantly higher than the placebo group at 
32.1% [270].

In another randomized double-blind placebo-controlled trial in 42 patients who 
received intradermal and/or submucosal injections of BoNT/A compared to pla-
cebo, there was significant improvement in pain intensity and pain attacks at week 
1. There were significantly more responders in the BoNT injection group (68.18%) 
than in placebo group (15%) [260].

Another randomized double-blind placebo-controlled trial in 36 patients com-
pared patients who received placebo to patients who received subcutaneous injec-
tions of BoNT in the affected area, along with an additional intramuscular injection 
of 10 U BoNT or placebo in the ipsilateral masseter of patients with involvement of 
the third branch of the trigeminal nerve. Three months after injection, there was 
significant improvement in the visual analog scale (VAS) of pain in the BoNT group 
when compared to placebo [272].

(b) Post-herpetic neuralgia
In a randomized double-blind placebo-controlled trial in 60 patients who received 
BoNT, lidocaine, or placebo in the affected dermatome. Doses less than 200 U of 
BoNT/A were used based on individualized patient dosing. There was significant 
decrease in pain scores at week 1 and at 3 months compared to the lidocaine and 
placebo groups [261].

In another randomized double-blind placebo-controlled parallel group trial in 30 
patients who received BoNT vs placebo, 13 patients had over 50% reduction in VAS 
score [8].

(c) Diabetic neuropathy
In a randomized double-blind placebo-controlled trial in 40 patients, 20 of whom 
received intradermal injections on the dorsum of the foot (total of 12 sites with 8–10 
u per site), there was a reduction in neuropathic pain score compared to placebo [78].

In another randomized double-blind placebo-controlled crossover trial in 18 
patients who received intradermal injections (4 U per site, 50 U per foot) of BoNT 
vs placebo, 44.4% had a reduction in VAS scores within 3 months with no similar 
response in the placebo group [266].
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Chapter 5
Basic Science of Pain and Botulinum Toxin

Zdravko Lacković, Ivica Matak, and Lidija Bach-Rojecky

Abstract The use of botulinum toxin type A (BoNT-A) in pain conditions is con-
tinuously growing largely because of its long-lasting effect after local application and 
safety profile. These unique features distinguish BoNT-A from other conventional 
and adjuvant analgesic drugs. Furthermore, BoNT-A diminishes only the pathologi-
cal pain, without affecting the normal pain threshold. Preclinical data from several 
complex pain models suggested the central site of its action on pain after retrograde 
axonal transport from the peripheral site of application. Further investigations of the 
mechanism of BoNT-A antinociceptive action are ongoing as well as experiments on 
new recombinant BoNTs with higher selectivity for nociceptive neurons.

Keywords Botulinum toxins · Pain · CNS · Experimental models of pain · 
Recombinant toxins

Clinicians… loathe chronic pain, perhaps the symptom that brings more patients into our 
practices than any other but also the symptom most likely to make us feel helpless as 
healers.

Crofford LJ (2015). Chronic Pain: Where the Body Meets the Brain. Trans Am Clin 
Climatol Assoc. 126:167–83 [1]

Over the last decades, our understanding of botulinum toxin mechanism of action 
has changed. Intensive research has shown that peripherally administered botuli-
num toxin type A (BoNT-A) reaches the central nervous system (CNS) by axonal 
transport. Major molecular mechanism is prevention of neurotransmitter release: 
synaptic silencing. Such effect is long-lasting but reversible. This action might 
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occur at central synapse of the first sensory neuron. Whether there is occurrence of 
transcytosis is not yet known. Events after first sensory neuron are just at the begin-
ning of intensive research. There are influences on other neurons and glial cells in 
the CNS.  Unique characteristic of BoNT-A is lack of analgesic action on acute 
nociceptive pain that has important warning function; in humans, analgesic activity 
usually is monthslong. In spite of some still missing pieces of the puzzle, there is 
increasing evidence that botulinum toxin, especially type A (BoNT-A), is prevent-
ing pain in a growing range of disorders. In the absence of unexpected findings, or 
an increase in the uncontrolled use of illicit preparations by uneducated persons, 
BoNT-A is emerging as a new long-lasting and relatively safe analgesic. BoNT-A is 
not devoid of side effect – even fatalities occurred; however, in the usage of regis-
tered product by well-trained professionals, side effects are mild and rare.

 Basic Science of Pain

Pain is defined by the International Association for the Study of Pain (IASP) as “an 
unpleasant sensory and emotional experience associated with actual or potential 
tissue damage, or described in terms of such damage” [2].

Classification of pain is complex and a matter of debate [3, 4]. Classification 
could be based on localization (somatic or visceral; organ or body part) and cause 
(nociception, inflammation, tumors, neurogenic, psychogenic). According to mech-
anism, pain can be divided into nociceptive (peripheral and central), reflexive and 
nonreflexive, neuropathic (also peripheral and central), and psychogenic; according 
to duration, pain is commonly divided into acute and chronic. There is no unified 
definition of chronic pain. Chronicity depends on disease, for example, migraine is 
considered chronic if there are more than 15 days of attack per month, while in 
some other disorders chronic pain should last more longer, usually 3 months. Pain 
that is caused by the presence of a painful stimulus on nociceptors is called nocicep-
tive pain. Nociceptive pain in its acute form usually serves an important biological 
(or evolutionary) function as it warns the organism of impending danger and informs 
the organism of tissue damage or injury.

Neuropathic pain as experimental prototype of chronic pain is caused by a pri-
mary lesion or dysfunction in the nervous system and could be peripheral or central. 
However, the pain is projected into the region supplied by the nerve (“projected 
pain”). Some of the most baffling types of chronic pain, such as diabetic neuropathy, 
phantom limb pain, and postherpetic neuralgia, are neuropathic in origin. A signifi-
cant proportion of patients suffering from chronic low back pain or cancer pain 
have, in addition to a nociceptive part, also a neuropathic component.

Psychogenic pain is caused by the mental processes of the sufferer rather than by 
immediate physiological causes. Purely psychogenic pain is rare, and its incidence 
is often overestimated. Nevertheless, chronic pain frequently has a secondary psy-
chological component resulting in a mixed presentation (e.g., psychosomatic pain) 
(Fig. 5.1).
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Anatomy of Pain Classical anatomy of pain is well known: Shortly painful infor-
mation travels from peripheral pain receptors (nociceptors) to the spinal cord 
through primary afferent neurons or “first-order” sensory neurons consisting of 
A-delta and C fibers. Pain transmitted by A-delta fibers is described as sharp and is 
felt first. This is followed by a duller pain carried by the C fibers. Cell bodies of uni-
polar neurons in sensory dorsal root ganglia have central projections that reach dor-
sal column of the spinal cord. Besides different interneurons, A-delta and C fibers 
innervate “second-order” nerve fibers in laminae II and III of the dorsal horns. They 
form spinothalamic tract and reach thalamus and finally somatosensory cortex. In 
cranial nerves (i.e., n. trigeminus, n. facialis, etc.), first-order neurons innervate 
second-order neurons in their nuclei in the brainstem.

In addition to the described ascendant system, there is also a complex descending 
pain modulatory system that influences nociceptive input from the spinal cord or the 
brainstem  sensory nuclei. This descendant system is under influence of cortical, 
subcortical, and brainstem  structures that can modulate perception of pain. 
Accordingly, perception of pain in humans is influenced by experience, emotions, 
cultural social factors, etc. Such influence in a more simple way exists in experi-
mental animals as well and can influence results of pharmacological research in 
rodents [5]. It is a common knowledge that different individuals, humans but some 
higher animals as well, have very different reactions to pain. Consequently, mea-
surement of pain can be considered as a prototype for the quantitative study of 
subjective responses [6].

In vitro experiments are basis to elucidate molecular mechanism of physiologi-
cal functions including sensory system and pain. The hope of in vitro experiments 
is that they reflect the biology of the intact organism. Investigators doing in vitro 
work must be careful to avoid overinterpretation of their results, which can lead to 
erroneous conclusions [7].

Measuring pain and analgesia in experimental animals in vivo is the main-
stream of study of pain and analgesic drug assessment and development. There are 
a number of tests developed to measure reflexive pain and evaluate behavioral, with-
drawal responses after the application of painful stimuli like heat (like tail flick or 

Fig. 5.1 Compilation of attempts to present classification of pain
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hot plate test), cold (acetone, etc.), mechanical (like pinprick, Randall-Selitto test), 
and electrical stimuli. These tests activate nociceptors at the site of testing and trig-
ger localized, motor responses and could exist even in animals without the pain as 
many of these responses can occur in the absence of supraspinal activation; how-
ever, in higher animals and humans, they are modified by descending pain con-
trol system.

Classical criticism to behavioral assessment of pain, usually in rodents, is that 
most of them measure withdrawal responses to evoked painful stimuli instead of the 
more clinically important spontaneous pain [8].

Nonreflexive pain tests record spontaneous pain behavior [9]. The most common 
example is formalin test, which refers to the quantification of pain behavior, such as 
time spent licking chemically injured part of the body (usually paw pad or vibrissal 
pad in the face). Additional pain behavior could include, for example, paw elevation 
and smoothing. Application of other irritant substances (capsaicin, mustard oil, car-
rageenan, etc.) can also be used. Similarly, quantification of writhing behaviors after 
an intraperitoneal injection of acetic acid can be useful to quantify visceral pain.

Ultrasonic vocalization was used to measure pain intensity in  chronic cancer 
pain and neuropathic pain models  in mice. Mice and rats communicate by ultra-
sound; thus, distinguishing pain and normal ultrasound communication might not 
be easy [10].

Grimace scale is the most recent test that records and measures pain-induced 
facial expression. It is described both, in mice [11] and rats [10]. Based on orbital 
tightening, nose bulge, cheek bulge, ear position, and whisker change, a score on a 
0–2 scale for their prominence in still photographs allows quantification of sponta-
neous pain (Fig. 5.2). There are reports that facial grimace scale in rats and mice 

Fig. 5.2 Rat grimace in normal rat (left) and a rat feeling modest pain (right). Nose/cheek flatten-
ing and ear changes are not visible
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after infraorbital nerve constriction injury remains high for 10 days or more [12]. 
Fentanyl reversed the changes in rat grimace scale scores, suggesting that these 
scores reflect pain perception [12].

In animals with chronic pain, usually behavioral responses to additional painful 
stimuli (mechanical or thermal) reflect hypersensitivity to pain and allodynia using 
additional pain test, often von Frey filaments. Thus, what is measured is not “basic,” 
“tonic” spontaneous chronic pain but rather a reaction to the additional stimulation. 
Therefore, instead of spontaneous pain, supersensitivity to pain and allodynia are 
measured.

A review of tests to measure pain in experimental animals shows that they are all 
movement-related. They are based on avoidance or the reduction of painful stimuli, 
that is, the movements of the experimental animals. Because BoNT-A reduces 
movement due to its effect on muscles, this can significantly affect the results of 
behavioral experiments. This is probably why in behavioral tests no one has so far 
shown an acceptable relationship between BoNT-A dose and effect. A detailed anal-
ysis shows that such research often yields yes/no results. In conclusion, by investi-
gating the effect of botulinum toxin on pain, we obtain a response that represents a 
balance between the analgesic and paralytic effects of BoNT-A.

The Studies of Pain in Humans In assessment of pain in patients, some mechani-
cal tests are sometimes applied like pinprick, von Frey filaments, but most common 
assessments are based on subjective feeling by a particular patient. To standardize 
patient rating of pain feeling, numerous rating scales have been developed.

Haefeli and Elfering describe and discuss most commonly used pain measure-
ment scales [13]. All of them are subjective and based on patient assessment of 
intensity of pain, for example, on the scale of 1–10. Best known are the visual ana-
logue scale, numerical rating scale, verbal rating scale, pain drawing, etc.

Besides rating scales, clinical drug testing on a larger group of patients have 
many methodological requirements to make results more reliable. Those require-
ments are described in many documents on Good Clinical Practice and are also a 
part of the American Academy of Neurology (AAN) criteria for evaluation of 
new drugs.

Structural and functional neuroimaging clearly demonstrated central nervous 
system contributors to chronic pain in humans. There is a belief that brain imaging 
could provide objective biomarkers of chronic pain and guide treatment for person-
alized pain management; however, before that, there is a need for standardization 
and validation [14].

 Synaptic Silencing: The Main Molecular Effect of BoNT-A

As described many times, BoNTs are produced primarily by bacteria of the genus 
Clostridium and have been classified as eight distinct types (A–G and X) [15], while 
over 40 subtypes are known, five for BoNT-A (BoNT-A1–5). BoNT-A1 is only one 
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commercially available in the USA and Europe (Botox® and Botox Cosmetic® ona-
botulinumtoxinA by Allergan; Dysport® abobotulinumtoxinA by Ipsen; Xeomin® 
incobotulinumtoxinA by Merz; and only one BoNT-B1 preparation  Myobloc® 
rimabotulinumtoxinB,  by  Solstice Neurosciences) [16]. BoNTs contain two core 
subunits responsible for toxic and therapeutic activity: light chain (50 kDa) and 
heavy chain (100 kDa), linked by disulfide bond. The light chain is Zn2+ metallopro-
tease that represents the actual toxic domain of the holoprotein [17]. This enzyme 
specifically cleaves the particular proteins responsible for the fusion of synaptic 
vesicles with the plasma membrane: synaptosomal N-ethylmaleimide-sensitive 
attachment protein receptors (SNAREs) containing several different proteins: syn-
taxin, synaptobrevin (VAMP), and synaptosomal-associated protein 25 (SNAP-25). 
BoNT-A, BoNT-E, and BoNT-C cleave SNAP-25, and BoNT-B, BoNT-D, BoNT-F, 
and BoNT-G cleave VAMP, while BoNT-C cleaves both SNAP-25 and syntaxin [17, 
18]. Consequently, function of synaptic vesicles is prevented, and the result is neu-
ronal silencing. Silencing of neuromuscular junction causes flaccid paralysis as a 
main sign of botulism. As could be expected, heterozygous missense mutation in 
the SNAP-25 gene causes congenital myasthenic syndrome-18 with myasthenia, 
cortical hyperexcitability, ataxia, and intellectual disability [19]. Less predictable is 
association of SNAP-25 polymorphisms with attention-deficit disorder [20].

Molecular action of BoNTs consists of several steps [21–23]:

 (a) Binding of BoNTs to the presynaptic membrane, mediated with gangliosides 
(polysialogangliosides, PSG) and synaptic vesicle protein 2 (SV2)

 (b) Internalization of BoNTs, via endocytosis of the BoNTs-acceptor complex 
(PSG and SV2) inside the neurons

 (c) Translocation of BoNTs’ light chain from the endocytosed vesicle to the neuro-
nal cytosol and release of the light chain in the cytosol by reduction of the 
interchain disulfide bond.

 (d) Cleavage of protein target by Zn2+-endopeptidase blocking the activity of spe-
cific SNARE proteins (Fig. 5.3)

 (e) Axonal transport (retrograde and anterograde) to the place of enzymatic action 
[24, 25]

 (f) Cell-to-cell, transsynaptic transport to remote place of action [24, 26].

The high potency and neurospecificity of the BoNTs is associated with binding 
two acceptors ganglioside and SV2 [23]. Dual acceptor binding is probably respon-
sible for high neurospecificity of BoNT, including higher affinity to block the 
release of acetylcholine and then the release of other neurotransmitters. As could be 
expected, transgenic mice and cell lines devoid of PSG are largely resistant to 
BoNTs [27]. Interestingly, BoNT-s is not toxic for insects that are devoid of 
PSG. This makes insects an excellent vector to spread botulism among birds and 
fishes [28].

Pharmacologically unique characteristic of BoNT-A is long-lasting effect. 
Following i.m. injection of radioiodinated BoNT-A, the radioactivity returned to 
control value within 12 h. In vitro in neuronal culture, enzymatic activity of BoNT-A 
persists for up to 1  year; in humans, the effect can last 3–6  months and in 
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experimental animals usually up to 30 days. Turnover of SNARE proteins is esti-
mated to be 4–5 days. However, BoNT-A duration of action is much longer than 
turnover rate of SNARE. There are several theories that attempt to explain the length 
of the BoNT-A effect, but a definitive answer is still to be expected.

 Fifteen Years’ Debate: Controversies About Botulinum Toxin 
A Site of Analgesic Action

The question whether BoNT-A affects only peripheral nerve endings or is it axo-
nally transported to the CNS was a matter of debate lasting over 15 years. BoNT-A 
and even BoNT-B have a remarkable similarity to tetanus toxin (TeNT). Molecular 
structure is similar, molecular target in both cases is SNARE protein complex, and 
final results of BoNTs and tetanus toxin are neuronal silencing. Difference is in 
central target(s) that are known for TeNT. Clinical difference is remarkable as well: 
spastic vs. flaccid paralysis occurs. This makes the debate if BoNTs are axonally 
transported or not from periphery toward CNS fundamentally important. Most 
important arguments demonstrated the existence of axonal transport, and central 
effects of peripherally applied BoNT-A are shortly discussed in the following text.

Out of many behavioral experiments (review Matak and Lackovic [29]), most 
convincing arguments showing central effects of peripherally applied BoNT-A are 
obtained in studies of mirror pain.

Fig. 5.3 Synapse silencing by BoNT-A
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“Mirror pain,” typically presented as mechanical allodynia (pain in response to 
light innocuous mechanical stimuli), is a phenomenon where the pain is perceived 
in an uninjured area contralateral to the actual site of injury/inflammation. Although 
the exact mechanisms for the contralateral spread of pain are still a matter of debate, 
it is accepted to be centrally mediated. Mirror image pain (MP) can be experimen-
tally induced by different types of tissue injury. For example, acidic saline-induced 
mirror pain is developed to study chronic, widespread, and neuronally mediated 
musculoskeletal pain.

When applied peripherally, BoNT-A reduced pain on both sides. This bilateral 
effect was prevented with ipsilateral colchicine that blocks axonal transport, thus 
suggesting retrograde axonal transport as a prerequisite for the central antihyperal-
gesic effect of BoNT-A.  The bilateral effect was elicited only if BoNT-A was 
applied on the side of injury, not on the contralateral side, thus suggesting that the 
toxin is not transported from the site of application to the contralateral side [30].

Bilateral long-lasting effect of unilateral peripheral toxin application was dem-
onstrated in the models of streptozotocin- and paclitaxel-induced polyneuropathy 
[31, 32], as well. Thus, it was unequivocally shown that bilateral toxin effect after 
peripheral application is not just a phenomenological finding after specific type of 
injury but is a feature that distinguishes BoNT-A from other locally applied analge-
sic drugs.

The quantities of BoNT-A that might come into the CNS structure are extremely 
low, and up to now it was not possible to detect functionally active toxin in the spi-
nal cord or the brain. However, light chain of BoNT-A is a Zn2+ endopeptidase 
cleaving SNAP-25. In series of immunohistochemical experiments using specific 
antibody against cleaved SNAP-25, Matak et al. were able to identify the presence 
of cleaved SNAP-25, clear footstep of the enzymatic activity of BoNT-A (Fig. 5.4), 
in dorsal horn of the spinal cord and trigeminal nuclei in the brainstem [25, 33, 34]. 
It is important that those immunohistochemical experiments were performed at the 
end of behavioral experiments showing antinociceptive action of peripherally 
applied BoNT-A.

All mentioned experiments clearly demonstrate the existence of axonal transport 
of peripherally applied BoNT-A and enzymatic action within CNS. Some experi-
ments like those on bilateral and mirror pain cannot be explained differently other 
by central action of BoNT-A. However, this does not exclude the participation of 
peripheral endings of sensory neurons in some actions of BoNT-A.

 Botulinum Toxin Beyond First Sensory Neuron: Mechanism 
of Analgesic Effect

The exact mechanism of BoNT-A action on pain in the dorsal horn of the spinal cord 
or brain nuclei is not completely elucidated. There are two general possibilities for 
the central action of BoNT-A:
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 1. The activity ends by silencing primary sensory neuron, thereby stopping the pain 
information further in the CNS.

 2. Or thereafter, indirectly or transsynaptically, BoNT-A modulates smaller or 
larger neural loops which participate in the forming of memory of pain in the 
CNS that could explain bilateral effects after unilateral peripheral administra-
tion, similar effect in mirror image allodynia, and the like.

Investigation of pain in the area of trigeminal innervation provided additional 
important insights into the central mechanisms of BoNT-A action on pain. BoNT-A 
unilateral peripheral application significantly reduced bilateral mechanical allo-
dynia induced after unilateral infraorbital nerve injury and temporomandibular joint 
inflammation. After intraganglionic application, colchicine also prevented BoNT-A 
bilateral effect on pain. Additionally, it was shown that peripherally injected 
BoNT-A reaches trigeminal nucleus caudalis where it inhibits the expression of 
TRPA1, TRPV1, and TRPV2 that was induced after infraorbital nerve injury. 
Furthermore, enzymatic activity of BoNT-A (cl-SNAP-25) in ipsilateral dura mater 

Fig. 5.4 Presence of BoNT-A-cleaved SNAP-25 occurrence in the trigeminal nucleus caudalis 
(TNC) and the lack of detectable action in sensory regions upstream from TNC. Cleaved SNAP-25 
was examined 6 days after peripheral BoNT-A injection into the rat whisker pad (5 U/kg). SNAP-25 
immunoreactivity (red) was visible in TNC  (a). Cleaved SNAP-25 (red) was not visible in ipsilat-
eral locus coeruleus (b), periaqueductal gray (c), or contralateral ventral posteromedial nucleus of 
thalamus (d). NeuN (green) represents neuronal counterstaining. Scale bar  =  100  μm. (From 
Matak I. PhD thesis)
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and colocalization with CGRP in intracranial dural nerve endings was demonstrated 
after peripheral toxin application. Based on these results, it was suggested that after 
entering extracranial trigeminal afferents and upon retrograde axonal transport to 
the trigeminal ganglion, BoNT-A is transcytosed to meningeal afferents and antero-
gradely transported to dura mater [35–37].

Neuronal events after BoNT-A reaches CNS are only partially investigated. 
Other neurons and also glial cell could be affected.

Experimental data propose the interaction with opioid and GABA inhibitory sys-
tems that have a role in the attenuation of sensory input to the spinal dorsal horn. 
Involvement of these two systems was demonstrated in the model of carrageenan- 
induced mirror pain, as well. Namely, when applied at the level of the lumbar spinal 
cord, opioid antagonist naloxonazine and GABA antagonist bicuculline abolished 
toxin’s bilateral effect on pain. Since opioid and GABA antagonists didn’t affect the 
BoNT-A action on pain if injected either in cisterna magna or cerebral ventricles, it 
was logical to conclude that BoNT-A reduces pain primarily at the level of the spi-
nal cord [38–40].

Effects on Astroglia and Microglia (Neuroinflammation) While searching for an 
explanation for the central mechanism of the long-term effect of BoNT-A on chronic 
pain, investigation of the involvement of glial cells in the antinociceptive action of 
BoNT-A seemed the logical next step, keeping in mind important role of glial cells 
in the induction and persistence of chronic pain.

In 2011, Mika et al. showed that a single intraplantar administration of BoNT-A, 
after chronic constriction nerve injury in rat, diminished the injury-induced ipsilat-
eral spinal and dorsal root ganglia upregulation of microglial C1q mRNA (mea-
sured by RT-PCR). These results suggested that reduction in neuroimmune 
interactions between microglia and neurons is connected and according to authors 
could be the key to the long-lasting BoNT-A effect on neuropathic pain [41]. 
Furthermore, in the same model in mice, it was demonstrated that intraplantar 
BoNT-A (15 pg/paw) injection reduced microglia activation but also astrocyte num-
ber and the percentage of activated astrocytes in both the dorsal and ventral horns of 
the spinal cord [42]. Similarly, Finocchiaro et al. when investigating the analgesic 
effect of BoNT-B found reduced abundance and activation of astrocytes in the ipsi-
lateral dorsal but not ventral horn of the spinal cord after the constriction injury of 
the mice sciatic nerve. In contrast to BoNT-A, BoNT-B did not change the expres-
sion of activated microglia, thus suggesting different effects of BoNT-A and 
BoNT-B in neuropathic pain [43].

Using colocalization experiments of cl-SNAP-25 (a marker of enzymatic activity 
of BoNT-A) with markers of either microglia or astrocyte, it was shown that after 
peripheral injection of BoNT-A, its enzymatic product cl-SNAP-25 colocalized 
with glial fibrillary acidic protein (GFAP), a protein marker expressed in non- 
myelinating Schwann cells, and in spinal cord astrocytes, but not with the marker of 
microglial activation [44]. This was an indication that BoNT-A may be transcytosed 
from nociceptive fibers in spinal cord and may enter into glial cells. The absence of 
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cl-SNAP-25  in microglia can be explained with predominant expression of 
SNAP-23 in these cells, in contrast to astrocyte which expresses both proteins.

Additionally, in satellite glial cells (SGCs) of rat trigeminal ganglion expressing 
both SNAP-23 and SNAP-25, BoNT-A in a concentration of 100 pM blocked 
ionomycin- stimulated glutamate release. These findings demonstrate the existence 
of vesicular glutamate release from SGCs, which could potentially play a role in the 
trigeminal sensory transmission and additionally suggested interaction of BoNTA 
with non-neuronal cells at the level of TG [45].

Except in the models of neuropathic pain, mostly induced by nerve injury, glial 
cell activation was demonstrated in models of chronic inflammation. Specific glial 
cell populations become activated in both the trigeminal ganglia and the CNS fol-
lowing induction of temporomandibular joint inflammation using complete Freund’s 
adjuvant (CFA) intra-articular injection. Seventy-two hours after CFA injection, 
activated microglial cells can be observed in the ipsilateral trigeminal subnucleus 
caudalis and the cervical dorsal horn, with a significant upregulation of ionized 
calcium binding adaptor molecule (Iba1) immunoreactivity but with no signs of 
reactive astrogliosis in the same areas [46].

In the CFA-induced monoarthritis model, significant elevation of microglial acti-
vation markers Iba-1 and phosphorylation of P38MAPK (P-p38MAPK) was 
detected in the lumbar spinal cord even 21 days after induction of ankle joint inflam-
mation, thus suggesting the role of microglia not just in induction but in mainte-
nance of chronic hyperalgesia as well, at least in this chronic pain model. The 
intra-articular administration of a single effective dose of BoNT-A (5 U/ankle) on 
day 21 after CFA injection significantly decreased protein overexpression and 
immunoreactivity for Iba-1 and P-p38MAPK in CFA-induced rat. It additionally 
inhibited the increase in TNF-α mRNA and P2X4R mRNA expression induced by 
CFA injection. These results suggested that BoNT-A can modulate neuroinflamma-
tion in chronic inflammatory pain by reducing the activation of microglial cells and 
the release of microglia-derived TNF-α, possibly by inhibiting the activation of the 
P2X4R-P38MAPK signaling pathways in spinal microglial cells [47].

The emerging results provide novel insights into the potential mechanism of 
BoNT-A action on chronic pain at the level of the spinal cord, with the reduction of 
neuroinflammation in its center.

 Antinociceptive Effects of Other BoNT Serotypes

In humans, naturally occurring botulism is caused by serotypes A, B, E, and F, while 
intoxication with other serotypes is also possible. Thus, theoretically other BoNT 
serotypes could be employed for the treatment of neurological disorders, particu-
larly in case of a developed immune resistance to BoNT-A. Apart from BoNT-A, 
BoNT-B (rimabotulinumtoxinA) is the only clinically used serotype registered for 
treatment of cervical dystonia. BoNT-B cleaves synaptotagmin part of SNARE 
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proteins and also prevents neurotransmitter release the same as BoNT-A. BoNT-B 
reduces pain associated with cervical dystonia [48]. Case reports or retrospective 
studies have reported possible efficacy in the treatment of migraine headache [49, 
50], but there are no placebo-controlled clinical studies.

In the formalin test, BoNT-B injected intrathecally (0.5 U) or intraplantarly (1 U) 
reduced nocifensive behavior, c-Fos activation, and neurokinin-1 (NK1) receptor 
internalization (indicative of substance P release) in intraplantar formalin-evoked 
pain. Intrathecally or intraplantarly injected BoNT-B reduces the experimental 
mononeuropathic pain evoked by spinal nerve ligation or constriction of sciatic 
nerve and polyneuropathic pain evoked by cisplatin [43, 51–53]. Interestingly, 
BoNT-B did not induce a regenerative effect upon sciatic nerve injury comparable 
to BoNT-A [43].

The effect of peripherally injected BoNT-B was associated with lowered VAMP-1 
expression in dorsal root or trigeminal ganglia, a possible indication of toxin’s ret-
rograde axonal transport and cleavage of the synaptic protein. In addition, unilateral 
reduction of otherwise bilateral increase of NK1 receptor internalization induced by 
intrathecal injection of TRPV1 activator capsaicin suggests the BoNT-B action at 
the level of central afferent terminals. Blockade of c-Fos expression after intrathecal 
substance P injection was interpreted as a possible transsynaptic cell-to-cell traffic 
of the toxin within the dorsal horn [52]; however, this has not been definitively con-
firmed. Antinociceptive effect upon dural stimulation with capsaicin and reduction 
of VAMP-1 expression in trigeminovascular neurons innervating the dura after 
facial BoNT-B injection suggest the toxin transcytosis within trigeminal neurons 
innervating different intracranial and extracranial targets [54].

Up to now, other toxin serotypes have not been investigated for analgesic effi-
cacy in humans or preclinically in pain models; however, some insights into their 
actions have been obtained by employing cultured sensory neurons. BoNT-E was 
shown not to affect the evoked CGRP release, due to the possibility that BoNT-E 
heavy chain lacks acceptor binding activity on rat sensory neurons [55]. BoNT-B, 
on the other hand, did not prevent the evoked neurotransmitter release most likely 
due to the mutated VAMP-1 which is resistant to the proteolytic activity of the toxin, 
which was also reported in vivo [51]. Unlike BoNT-B, BoNT-D was able to cleave 
VAMP isoforms and prevent the neurotransmitter release [56]. BoNT-C1 prevents 
the capsaicin-evoked CGRP release most likely due to its effect on both, SNAP-25 
and syntaxin1, compared to BoNT-A which cleaves SNAP-25 only and has no effect 
on CGRP release in vitro [56, 57].

 Antinociceptive Effects of Recombinant 
BoNT- A-Based Molecules

Considerable efforts have been made in designing new recombinant BoNT-A-based 
toxins with higher selectivity for nociceptive neurons and, supposedly, reduced risk 
for potential side effects mediated by native holotoxin’s nonspecific action in other 
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types of neurons. One of the common strategies has been to develop a chimeric 
molecule which retains the enzymatic light chain (L) and heavy chain (HC) translo-
cation domains of the native toxin molecule and to exchange the acceptor binding 
domain of HC for another domain that targets primarily first-order or second-order 
sensory nociceptive neurons [58].

First of the studies employing these strategies used a plant-derived lectin that 
recognizes sensory neurons by binding to the glycoproteins residing on their neuro-
nal surface. Duggan et al. reported that such construct reduces the glutamate and 
substance P release from embryonic dorsal root ganglion neurons [59]. Despite 
being successfully retargeted to block the neurotransmitter release from sensory 
neurons and shown to have improved toxicity profiles, lectin containing construct 
exhibited much lower in vitro potency on substance P release.

A more recent study (Maiarù et al. 2018) reported the use of L-HN construct 
linked to substance P or endogenous opioid dermorphin, applying the so-called 
“protein stapling” technique [60]. Stapling technique employed for connection of 
L-HN to native HC of BoNT-A produces a recombinant toxin termed BiTOX with 
larger size and lowered paralytic potency, supposedly due to a larger size com-
pared to native toxin. In rats, BiTOX injected intraplantarly reduces CFA, capsa-
icin, or neuropathic pain-evoked mechanical hyperalgesia [61]. Mentioned results 
suggest reduced spectrum of antinociceptive effects of BiTOX compared to native 
holotoxin.

One of the major hurdles in employing such high doses of recombinant retar-
geted toxins could be the development of immunological resistance upon repeated 
use, already considered a major problem even at low doses of BoNT-A native 
toxin- based preparations used. In line with that possibility, it was reported that 
recombinant BoNT-A with lower potency compared to native toxin, already after 
second injection (200 ng dose), exhibits lower reduction of toe spreading reflex – 
indicative of reduced response to BoNT-A suggested to be due to immune 
response [62].

Dolly and collaborators conducted a series of studies by combining the BoNT-A 
with light chains of other serotypes into functional chimeras. Based on findings 
that, unlike BoNT-A itself, BoNT-E light chain coupled with BoNT-A heavy chain 
prevents capsaicin-evoked CGRP release under certain experimental conditions, it 
was hypothesized that BoNT-E protease could be more efficacious sensory neu-
rotransmitter release blocker [55, 63]. More recent studies employing a similar 
chimera demonstrated a prolonged activity in neuropathic pain models  [64]. 
Moreover, repeated injection of the recombinant toxin reproduced the unchanged 
analgesic efficacy, suggesting the lack of immune response. The overall efficacy 
of L(E)-BoNT-A against neuropathic pain was higher compared to native BoNT-A, 
which is, thus, the first observation of a recombinant molecule with improved 
efficacy compared to BoNT-A holotoxin. This could be of clinical benefit since, 
due to the lack of dose-response relation within the safe non-paralytic range, 
employing higher BoNT-A doses does not lead to improved antinociceptive 
efficacy.
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Chapter 6
Botulinum Toxin Therapy in Medical Pain 
Disorders

Delaram Safarpour and Bahman Jabbari

Abstract Animal studies have shown that local injection of botulinum neurotoxins 
(BoNTs) reduces neuropathic pain. This effect is exerted via interfering with the 
function of pain transmitters and modulators at peripheral and central levels. Recent 
studies in humans have demonstrated an analgesic effect in several pain disorders. 
In this chapter, the effect of BoNT therapy in different medical, human pain syn-
dromes is reviewed. The level of efficacy in each pain syndrome is determined 
according to the guidelines of the Assessment Subcommittee of the American 
Academy of Neurology.

Keywords Botulinum toxin · Botulinum neurotoxin · Pain · Neuropathic pain · 
Pain disorder

 Introduction

Over the past 30 years, treatment with botulinum neurotoxins (BoNTs) has estab-
lished a firm role in many fields of medicine and, most notably, in the treatment of 
hyperkinetic movement disorders (mainly dystonias), focal spasms, spasticity, auto-
nomic dysfunctions (sialorrhea; hyperhidrosis), and migraine [1]. During the past 
15 years, with emergence of data from animal studies, clinical researchers expressed 
interest in investigating the role of BoNT therapy in human pain disorders. Recent 
publication of high-quality studies in this field indicates that, in addition to migraine, 
many pain syndromes are amenable to BoNT therapy.

In this chapter, we describe the current status of BoNT therapy in different 
human medical pain disorders. In each category, the efficacy of BoNT therapy is 
defined according to the criteria set forward by the Guideline and Assessment 
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Subcommittee of the American Academy of Neurology [2, 3]. The efficacy levels 
A, B, C, and U reflect established, probable, possible, and undetermined efficacy, 
respectively. The level of efficacy depends on the number of certain class of stud-
ies available, designated as A, B, C, and D (see Table 6.1 for definition). These 
levels reflect the strength of available studies. For instance, a level A efficacy 
requires at least two published class A studies. A level A study is a well-designed, 
 double- blind, placebo-controlled clinical trial that meets all five criteria [2, 3]. 
This information may be considered complementary to the data that will be pre-
sented in the succeeding chapters of this book on the effect of BoNTs on surgical 
and dental pain as well as pain disorders encountered in veterinary medicine. 
Detailed information regarding our current knowledge of mechanisms through 
which BoNTs alleviate pain is described by Lacovik and colleagues in Chap. 4 of 
this book.

 Pain Disorders with Level A efficacy

This category includes five pain disorders in which the efficacy of BoNT injections 
is considered established (level A) based on two or more class I studies (see Table 6.1 
for definition). These disorders are chronic migraine, postherpetic neuralgia, post- 
traumatic neuralgia, trigeminal neuralgia, and diabetic neuropathy. Among these, 
only chronic migraine is currently approved by FDA for BoNT therapy.

Table 6.1 Injection paradigm recommended by the PREEMPT study: injected muscles, muscle 
location, muscle function, and the dose of onaA (Botox) administered per site(s)

Muscle Location Function of muscle

Number of 
injection sites per 
muscle

Dose per 
site

Corrugator Above the medial edge of 
eyebrow

Draws the eye brows 
together and downward

One on each side 5 units

Procerus Helps to pull the skin 
between eyebrows 
downward

Pulling eyebrows 
together

Single muscle
One injection at 
midline

5 units

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

5 units

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

5 units

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

5 units

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

Two on each side, 
total 4

5 units

Trapezius Shoulder Moves the shoulders up 
and head back

Three on each site, 
total 6

5 units

From Jabbari [70]
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 Level A, FDA-Approved Pain Disorder: Chronic Migraine

Migraine affects over a billion people per year worldwide and is the second cause of 
workday loss due to disability [4]. It affects 17% of women and 6% of men [5]. 
Migraine headaches are usually moderate to severe in intensity and last 4–72 hours. 
The term episodic migraine applies to migraine with headache days of less than 15/
month. The term chronic migraine indicates that headache frequency equals or 
exceeds 15 days per month with at least in 8 of those headache days; headache has 
characteristics of migraine [6]. High-quality (blinded and placebo-controlled) stud-
ies of botulinum toxin therapy in episodic migraine have failed to show positive 
results. With chronic migraine however, the efficacy has been established via two 
large-scale, well-designed, high-quality clinical trials (PREEMPT studies) [7, 8]. 
Each study includes close to 700 patients (total 1384). Each study had a blind arm 
(24 weeks) followed by an open label arm of 32 weeks. During the blind period, 
patients were injected either with onabotulinumtoxinA (onaA) or placebo every 3 
months. The pooled data of the two PREEEMPT studies showed significant reduc-
tion of pain days in the onaA group (8.4  days) compared to the placebo group 
(P  <  0.001) [9]. Migraine severity, frequency of migraine days, and migraine 
 duration were also significantly reduced in the onaA injected group (P < 0.001). 
Subsequent studies of PREEMPT patients have shown onaA efficacy in subgroup of 
patients with medication overuse, improvement of quality of life with onaA therapy, 
and sustained improvement after five cycles (every three to 4 months) of onaA ther-
apy in migraine [10–12].

 Technique and Dosage

A total dose of 165 units is recommended in PREEMPT studies which is distributed 
over several muscles, each receiving injections at multiple sites (Table 6.1, Fig. 6.1) 
[13]. The total dose may be increased to 195 units at the discretion of the treating 
physician. The total number of injections is 31.

Since the publication of PREEMPT studies in 2010, several investigators have 
attempted to find a technique that provides similar results with fewer sites of injec-
tions. Jabbari and his colleagues at Yale University provided evidence that a tech-
nique with 21 injection sites can produce comparable results to PREEMPT studies 
of onaA therapy in chronic migraine. The logic for the Yale technique is based on 
the following four principles:

 1. In the PREEMPT injection scheme, the lower site of injection into temporalis 
muscle is probably into the tendon and not into the muscle itself. The tendon 
of temporalis muscle can be quite large and can extend a considerable distance 
upward [14]. The Yale protocol recommends injections into two sites with 
15 units per site (30 units per site) eliminating inferior and superior temporal 
injections. Such a dose does not cause appreciable weakness of the powerful 
temporalis muscle.

6 Botulinum Toxin Therapy in Medical Pain Disorders
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 2. The six injections (three on each side) into trapezius muscles are eliminated in 
the Yale technique as it is unlikely that trapezius muscles contribute significantly 
to migraine headaches.

 3. Occipital injection is reduced from three injections at each side to one injection 
per site using a larger dose of 10 units. Occipitalis muscle is a small muscle, and 
a larger dose delivered in one injection is likely to cover the muscle.

Fig. 6.1 (a) Corrugator, as depicted by purple dots; procerus, as depicted by the red dot; frontalis, 
as depicted by orange dots. (b) Occipitalis area, as depicted by purple dots; cervical paraspinal 
area, as depicted by orange dots; trapezius, as depicted by red dots. (c) Temporalis, as depicted by 
purple dots. Sites of injections in PREEMPT technique. (From Blumenfeld et al. [13]. Printed with 
permission from Wiley and Sons)

D. Safarpour and B. Jabbari
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 4. Injection sites into the cervical region are increased from two to three sites 
(Fig. 6.2) with a larger dose of 15 units per site (10 units/site for small necks). 
Splenius capitis is also a powerful muscle, and the vast experience of past 
30 years with injection into this muscle has shown no appreciable weakness with 
such doses. In the PREEMPT technique, the medial high cervical site of injec-
tion is most likely into semispinalis cervicis. In Yale protocol, the three cervical 
injections into splenius capitis are not too close to midline.

In an open label study of 50 patients with chronic migraine when using the Yale 
technique, 72% of the patients after first injection and 85% after third injection 
reported their experience after onaA injection as “very satisfactory” using Patient 
Global Impression of Change (PGIC) [15]. No serious side effects were reported 
over 2–8 years of observation. After the first year of treatment, 73% of the patients 
reported no more emergency department visit for additional therapy. By 12 months 
of treatment, 50% of the patients discontinued their daily preventive medications, 
and 61% had no longer any need for abortive medicine. In a subsequent double-
blind, placebo-controlled study of 25 patients [16], injections of onaA, using the 
Yale technique, reduced the headache days significantly compared to the placebo at 
4 and 8 weeks (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 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 postinjection, and 88.2% demonstrated 
reduction of HIT scores compared to baseline. Larger blinded and placebo- 
controlled studies are necessary to establish the Yale technique as an alternative to 
the technique of PREEMPT.

Fig. 6.2 The sites of injection in the Yale technique. (From Jabbari [71]. Drawing courtesy of Drs. 
Tahere Mousavi and Damoun Safarpour)

6 Botulinum Toxin Therapy in Medical Pain Disorders
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 Pain Disorders with  Level A  Efficacy (Effective), Not FDA 
Approved: Postherpetic Neuralgia, Post-traumatic Neuralgia, 
Trigeminal Neuralgia (Table 6.2)

 Postherpetic Neuralgia (PN)

Postherpetic neuralgia is one of the most painful human pain disorders. It is a com-
plication of herpes zoster infection. In adults, herpes zoster infection is due to reac-
tivation of inactive varicella zoster virus acquired during childhood. Elderly and 
immunocompromised individuals are more susceptible to zoster reactivation [23]. 
Zoster infection can involve face, limbs, or trunk with distribution of vesicles, while 
in the latter regions follow the distribution of skin eruptions following the course of 
peripheral nerves. Spontaneous pain cessation may occur, but, in many patients, 
continued pain (for months even years) despite antiviral and analgesic therapy hand-
icaps the patient. Two double-blind and placebo-controlled class I studies [17, 18] 
have reported significant improvement of pain in PN after administration of local 
botulinum toxin injections (Table 6.2). In one study [17], pain improvement was 
associated with significant reduction of opioid use when BoNT treatment was com-
pared to lidocaine and placebo groups (toxin, 78%; lidocaine, 48%; placebo, 34%).

 Post-traumatic Neuralgia

Ranoux et al. [19] studied the effect effects of onabotulinumtoxinA on post- traumatic 
neuralgia. Twenty patients were investigated via a double-blind, placebo- controlled 
clinical trial. Injections were given into the areas of skin affected by pain and allo-
dynia. The injections were administered intradermally, 1.5 centimeters apart. The 
dose varied from 20 to 190 units based on the area involvement. The magnitude of 
pain was measured by VAS using a 0 to10 scale. The authors found significant 
reduction of pain intensity during the second week following injection (P = 0.02), 
and this positive effect lasted 14 weeks (P = 0.03). In the area of involvement, allo-
dynia to brush was also improved significantly. Authors reported no side effects.

More recently, Attal et al. [20] described similar responses to BoNT therapy in a 
double-blind, placebo-controlled clinical trial conducted on 46 patients with post- 
traumatic neuralgia. The percentage of pain relief, their primary outcome, was signifi-
cantly higher in the toxin group (26.4 versus 10.6 for the placebo) (P = 0.008). The 
two secondary outcome measures, reduction of pain frequency and improvement of 
sleep, also significantly improved in the toxin-treated group (P = 0.001 and P = 0.02).

 Trigeminal Neuralgia

Trigeminal neuralgia (TN) has an estimated lifetime prevalence of 0.3% and usually 
affects individuals over age 50  years of age [24]. Secondary TN can be seen in 
patients with multiple sclerosis and has an earlier age of onset. TN is characterized 
by severe, brief bouts of pain, usually lasting a few seconds. Patient may experience 
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many (tens to hundreds) of pain bouts per day. Medical treatment consisting of 
treatment with anticonvulsants (carbamazepine, phenytoin, and valproic acid) pro-
vides limited relief. Patients with advanced age often poorly tolerate high doses of 
such medications which may be required for satisfactory pain relief. Microvascular 
surgery and the Gamma Knife procedure offer relief in some patients, but recur-
rence of pain is not uncommon after these interventions.

Two class I, randomized, double-blind, placebo-controlled clinical trials evalu-
ated the efficacy of BoNT therapy in trigeminal neuralgia [21, 22] (the last two 
studies listed in Table 6.2). Both studies reported that intradermal and subcutane-
ous injections of BoNT-A into the area of the face affected by pain improves pain 
of TN significantly. Injections were carried out using a grid-like pattern (8–16 
sites) (Fig. 6.3). The toxin used in these studies was Prosigne. Prosigne is a Chinese 
type A toxin with suggested unit comparability to onabotulinumtoxinA (Botox). 
One of the two abovementioned studies compared 25 and 75 units of Prosigne in TN 
and found the low dose of the toxin to be equally effective as the high dose [22]. In 
this study, seven patients developed mild facial asymmetry, and three developed 
mild facial swelling after injections; all side effects disappeared within a week.

A prospective study on 88 patients with TN demonstrated that repeated injec-
tions of onabotulinumA over 14 months sustained pain relief efficacy and continued 
to reduce anxiety and depression along with improving the patients’ sleep and the 
quality of life [25].

In our experience, more than 50% of the patients with refractory TN respond to 
BoNT injections. Injections are done subcutaneously in a grid-like pattern covering 
the region(s) of pain. With onabotulinumtoxinA (Botox), we use 2.5  units/site 
(Fig. 6.3).

Fig. 6.3 Subcutaneous 
grid-like BoNT injections 
in trigeminal neuralgia 
covering the distribution of 
pain. (Drawing courtesy of 
Tahere Mousavi M.D.)
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 Level B Efficacy (Probably Effective) Based on  Availability 
of  Class I  and  II Studies: Diabetic Neuropathy, Chronic Low 
Back Pain, Plantar Fasciitis, Piriformis Syndrome, Lateral 
Epicondylitis, Neuropathic Pain After Spinal Cord Injury, 
and Male Pelvic Pain (Table 6.3)

 Diabetic Neuropathy

Peripheral neuropathy is a common finding in diabetic patients. Painful dia-
betic neuropathy is more common in type 2 diabetes and often seen in older 
individuals (25–26% in type 2 versus 16% in type 1) [50, 51]. The type of pain 
is usually neuropathic, characterized by burning, tingling, pricking, and some-
times electric-shock sensation. Affected regions of skin (usually feet) demon-
strate allodynia (touch perceived as pain). The second type of pain is muscle 
cramps which are often associated with the neuropathic pain. There is now 
strong evidence from randomized clinical trials that local injection of botuli-
num toxins can alleviate both neuropathic pain and muscle cramps in diabetic 
neuropathy.

Yuan et  al. [26], in a double-blind, placebo-controlled study, investigated the 
effect of onabotulinumtoxinA (Botox) in 20 patients with painful diabetic neuropa-
thy. The study had a crossover design. A total dose of 50 units was used. Injections 
were administered on the dorsum of the foot at 12 sites. Outcomes were measures 
by Visual Analogue Scale (VAS), depicting pain intensity at a 0–10 scale and by 
CPSQI, a Chinese version of the Pittsburgh Sleep Quality Index. There was signifi-
cant improvement of VAS in the toxin group compared to the placebo group at 
weeks 1, 4, 8, and 12 (P < 0.05). CPSQI, measured at week 4, also demonstrated 
significant improvement compared to the placebo (P < 0.05). One patient in the 
toxin group developed mild local skin infection at the site of injection that cleared 
up within days.

Ghasemi et al. [27] studied 40 patients with painful diabetic neuropathy. Twenty 
patients were assigned to aboA toxin group (100 units) and 20 to saline (placebo) 
group. The study was blinded and had a parallel design. The outcomes were evalu-
ated 3 weeks after injections. In the toxin group, 30% experienced no pain after 
treatment, while 0% reported no pain in the placebo group (P = 0.01). After treat-
ment, diabetic neuropathy scores (DPN4) in the toxin group were significantly 
reduced for electric shocks, burning, pins and needles, and brushing (P < 0.005). In 
neuropathic pain scale (NPS), all items, except cold sensation, improved (P = 0.05). 
No side effects were reported.

Salehi et al. [29] also studied the effect of aboA toxin injections (100 units) on 
pain relief in diabetic painful neuropathy. The protocol studied 32 patients and had 
a parallel, placebo-controlled, double-blind design. The injection pattern was simi-
lar to the two abovementioned studies. Outcome measures included VAS for pain, 
PSQI for sleep, and SF-36 for quality of life. At 12 weeks, all measures improved 
for the toxin group: VAS and PSQI, P < 0.001, and SF-32, P = 0.050. The duration 
of study was 3 months. No side effects were reported.

6 Botulinum Toxin Therapy in Medical Pain Disorders
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Restivo et al. [28] assessed the efficacy of intramuscular injections of onaA on 
painful cramps associated with diabetic neuropathy. Fifty patients were studied in a 
clinical trial with a parallel, double-blind, placebo-controlled design. Injections of 
either 30 or 100 units of onaA into medial gastrocnemius or small foot flexors mus-
cles were compared with placebo (saline) injections. A decrease of 50% or more of 
cramp frequency and cramp intensity was taken as primary outcome which was met 
in the toxin group after one week and lasted for 14 weeks (P values 0.037 and 0.04, 
respectively). The maximum effect was at week 6. Mild pain at the site of injection 
occurred in 25 patients in the toxin group which disappeared within 2–3 days.

Comment
The level of evidence for analgesic effect of BoNT therapy in neuropathic pain of 
diabetic neuropathy is B (probably effective) based on one class I and two class II 
studies. The level of efficacy is also B for BoNT therapy for  muscle cramps in dia-
betic neuropathy. All three type A toxins (ona, abo, and inco) have demonstrated 
analgesic effects. Larger controlled studies are needed to support these encouraging 
findings. No serious side effects were reported in these studies with the applied 
doses of BoNTs.

 Chronic Low Back Pain

“Chronic back pain is defined as pain that persists for 12 weeks or longer, even after 
an initial injury or underlying cause of acute low back pain has been treated.” 
Approximately 20 percent of people affected by acute low back pain develop 
chronic low back pain [52]. The anatomic basis of low back pain is complex; hence, 
the pain can originate from malfunction of several structures among the low back 
muscles, vertebral column, facet joints, and nerve roots. Potent analgesics such as 
narcotics can provide pain relieve in chronic low back pain, but their use is associ-
ated with side effects, and there is always a potential for addition. Spinal stimula-
tion, a relatively new treatment modality for low back pain, is often more effective 
than conventional therapy but has higher risk of complications.

 Botulinum Toxin Treatment

BoNT therapy aims to alleviate low back pain through several mechanisms:

 1. Relaxing tense and contracted muscles via blocking the release of acetylcholine 
from presynaptic vesicles in neuromuscular junction.

 2. Reducing arrival of pain signals to the spinal cord by influencing peripheral pain 
neurotransmitters.

 3. A central analgesic effect due to retrograde transfer of the toxin from periphery 
to the spinal cord [53]. This would reduce the phenomenon of central sensitiza-
tion which is a part of pathophysiology of any chronic pain disorders.
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 4. By reducing the activity of muscle spindles after intramuscular injection [54] 
cuts down a powerful excitatory input to the spinal cord.

 5. When a tight compartment in the back is playing a role in the pathophysiology 
of low back pain (tight compartment syndrome [55]), injection of BoNT into the 
tight muscles may alleviate pain by causing reversible atrophy tense back 
muscles.

Botulinum Toxin Studies of Low Back Pain Targeting Erector Spinae (ES) 
Muscles

This category includes three controlled clinical trials. Two of these trials reported 
significant improvement of low back pain in patients with no history of prior sur-
gery using an identical technique of injection and dosage. In one study [30], 
 conducted at Walter Reed Army Medical Center, authors studied 31 patients with 
predominately unilateral chronic low back pain comparing the effects of onaA 
injections blindly with placebo. In the onaA group, each patient received 40 units 
injected into ES muscle at each of the five lumbar levels ipsilateral to the side of 
pain. The outcome measures included VAS for pain and Oswestry Low Back Pain 
Questionnaire (OLBPQ) for the activities of daily living. Three weeks following 
injection, 11 of 15 patients (73.8%) in the onaA group and 4 of 16 (25%) patients 
in the placebo group had 50% or more reduction of pain intensity (P = 0.012) 
which remained reduced at 8  weeks only in the onaA group (P  =  0.0009). At 
8 weeks, OLBPQ demonstrated significant improvement of activities of daily liv-
ing in 10 of 15 patients in the onaA group and 3 of 16 in the saline group, respec-
tively (P = 0.011). No patient reported any side effects. In the second study [32], 
investigators at Yale University blindly studied the effects of aboA injection into 
ES muscles in 37 patients with unilateral and bilateral chronic low back pain (no 
history of surgery). The technique was identical to that of the first study – injec-
tion into ES muscle at four lumbar levels. A total dose of 500 units was used for 
unilateral and 1000 units for bilateral injections. Although the units of different 
toxins are not truly interchangeable, a conversion ratio of 1:2.5 is used between 
onaA and aboA often in clinical trials which makes the dose of the two studies 
comparable. The second study found significant improvements by VAS (propor-
tion of responders), activities of daily living, and Patient Global Impression of 
Change in the aboA group compared to the placebo group (P values of 0.008, 
0.048, and 0.0930, respectively). Three patients in the toxin group and two patients 
in the placebo group developed local pain at the site of injection lasting a few 
days. In contrast to the two abovementioned studies, another study which used the 
same technique and onaA toxin did not find a significant difference between the 
toxin and placebo group in any of the outcome measures (VAS, Quebec Back Pain 
Disability Scale) [33]. The authors stated that the response failure might have 
been related to the lower dose of the toxin used in their study (half compared the 
other two studies).
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 Botulinum Toxin Study Targeting Quadratus Lumborum and Iliopsoas 
Muscles

De Andres et al. [32] compared the effect of a single injection of 100 units of onaA 
with placebo and lidocaine in a blinded study of 27 patients with myofascial pain at 
lumbar area.

The onaA was injected into quadratus lumborum and iliopsoas major muscles at 
one side (27 patients) and compared with the effect of saline (14 patients) and lido-
caine (13 patients) injected into the same muscles on the other side. The pain out-
come was measured by VAS. Patient activities of daily living were assessed through 
five different questionnaires including OLBPQ. At the end of the study, a trend for 
significant VAS improvement was noted only on the side that patients had received 
onaA injection.

Comment
Injection of botulinum toxin A (ona or inco) into the erector spinae muscles using 
Walter Reed-Yale protocol (injecting 40 units of abo or inco A per each lumbar 
level) significantly improves low back pain in patients with no surgical history. The 
level of efficacy for this protocol in chronic low back pain is B (probably effective) 
based on publication of two class II (placebo-controlled and blinded) studies. The 
failure of another study that was conducted under a very similar protocol [33] most 
likely reflects using a much lower dose (half of that of prior studies) as suggested by 
authors. The short-term positive results of the Walter Reed-Yale protocol in chronic 
low back pain need to be confirmed in clinical trials with larger number of patients 
and conducted over longer periods of time.

 Plantar Fasciitis (Plantar Fasciopathy)

Plantar fasciitis (PF) is a common pain problem that affects 10% of runners [56]. 
Plantar fascia is a layer of fibrous tissue that connects the base of the toes to the 
medial part of the calcaneum. It is believed that repeated trauma to plantar fascia 
during running, playing football, or jobs that require heavy labor causes micro-
tears in the PF. In some patients, the pathology also involves local inflammation. 
The main symptom of PF is pain that is often felt at or close to the heel. Patients 
with mild symptoms respond to stretching, night splint, orthosis, and nonsteroi-
dal, anti- inflammatory medications. Injection of steroids into the plantar fascia, 
acupuncture, ultrasound therapy, cryosurgery, and application of shock waves is 
often used to achieve pain relief in more severe cases. These remedies, however, 
are not without complications; steroid injections may cause rupture of plantar 
fascia, and application of shock waves may be hard to tolerate due to its painful 
nature. Because of these issues, many patients with severe PF are unsatisfied with 
their management.
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 BoNT Therapy in Plantar Fasciitis

The senior author of this chapter and his colleagues first studied the effect of local 
BoNT injection in patients with PF under a double-blind, placebo-controlled proto-
col [34]. Twenty-seven patients were randomized into toxin and placebo groups. In 
the toxin group, onabotulinumtoxinA (Botox) was injected into the medial aspect of 
the heel (40 units) and into the plantar fascia between the anterior part of the heel 
and midfoot (30 units). A thin needle, gauge 27.5, was used for injections to avoid 
injury to PF. Treatment outcome was assessed by VAS, Maryland Foot Score (MFS), 
and pressure algometry at 3 and 8 weeks after injection. All measures were signifi-
cantly improved at 3 and 8 weeks (P values at week 3: < 0.005, < 0.0005, P = 0.003, 
respectively). Except for mild local pain at the site of injection for a few minutes, no 
other side effects were reported. A later blinded study conducted in 50 patients with 
PF [35] also reported significant improvement of VAS in the toxin group compared 
to placebo (P  =  0.001). The toxin group also demonstrated significant reduced 
thickness of plantar fascia. The authors injected 50 units of onaA into the plantar 
fascia via posterior calcaneal approach under ultrasound guidance. No side effects 
were reported. Two other blinded, placebo-controlled studies have shown similar 
results using different techniques [38, 39]. In one of the two studies [38] which 
included 50 patients, a single injection with 100 units of incoA or saline was admin-
istered into the most tender part of plantar fascia at the distal aspect of plantar- 
medial aspect of calcaneus where the plantar fascia is adjacent to flexor digitorum 
brevis. Pain (VAS) and function (ankle ability measure – FAAM) outcomes were 
measured at 6 and 12 months. Both VAS and FAAM improved in the toxin group at 
6 and 12 months (P = 0.01 and <0.005, respectively). Three patients in the saline 
group, but none in the toxin group, required surgery after 12 months. No side effects 
were reported. In a very recent publication [39], authors have provided evidence 
from a controlled clinical trial that a single injection of 70 units of onaA into the 
medial gastrocnemius under ultrasound guidance can significantly improve the 
symptoms of PF. Improvement of pain (measured by VAS) and the improved score 
from the American Orthopedic Foot and Ankle Society Scale (AOFAS) were both 
statistically significant compared to the placebo at 12  months (P  <  0.01). Two 
patients in the toxin group and one in the placebo group reported mild, transient 
“local inflammation” at the site of injection. Elizondo-Rodriguez et al. [37] blindly 
compared the effect of abobotulinumA (aboA) injection with steroid and lidocaine 
injections in 40 patients with PF. BoNT injection was superior to steroid in terms of 
long-term pain relief and foot function (Table 6.3).

Comment
Five controlled clinical trials (blinded and placebo-controlled) have shown injection 
of BoNT-A improves pain and foot function in plantar fasciitis both short term and 
up to at least 12 months. All three marketed types of type A toxin (onaA, incoA, and 
aboA) have demonstrated a positive effect. Side effects are mild, infrequent, and 
transient. These studies (all class II) provide a B level of evidence (probably effec-
tive) for efficacy of BoNT-As in PF.  The optimal location of injection (into the 
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plantar fascia or gastrocnemius/soleus muscles) remains to be determined by future 
studies. Larger clinical trials are needed in order to raise the level of significance for 
this indication from B to A (see chapter supplement).

 Piriformis Syndrome (PS)

Piriformis syndrome is caused by a tense and overactive piriformis muscle and its 
pressure against the adjacent sciatic nerve. Pain is the major symptom of PS, often 
felt deep in the buttock; it occasionally radiates to the thigh. Pain of PS is mainly felt 
during sitting and squatting. Piriformis muscle is a deep triangular muscle, located 
behind gluteus maximus with attachments to the sacrum and the greater trochanter. 
The true incidence of PS is not known, but one investigator reported that 6% of 
patients diagnosed with sciatica represent piriformis syndrome [57].

 Treatment of Piriformis Syndrome

Treatment begins with physical therapy alone or combined with oral analgesics. A 
special stretching technique which lengthens the piriformis muscle is sometimes 
helpful [58]. Heat application and ultrasound therapy may promote the positive 
effects of physical therapy [59]. One retrospective study in 500 patients over a 
10-year period reported that injection of 1.5–2% lidocaine mixed with 20 mg of 
triamcinolone into the piriformis muscle improves pain in 70% of patients [60]. 
Sustained pain relief using current medical managements is uncommon in many PS 
patients.

 BoNT Therapy in Piriformis Syndrome

In 2002, two groups of investigators reported the results of blinded, placebo- 
controlled studies that have assessed the efficacy of onabotulinumtoxinA (Botox) 
in piriformis syndrome. Childers et al. [41] in a crossover study of nine patients 
reported that injection of 100  units of onaA into the piriformis muscle (PM) 
relieved pain significantly (measured by VAS) (P < 0.05). In a larger parallel study 
of 36 patients, 25 patients were injected with 200 U of onaA, and 15 patients were 
injected with the same volume of saline into PM [42]. In blinded assessments of 
the results, 65% of the patients in the onaA group and 6% of the patients in the 
saline group demonstrated >50% decrease in pain intensity as measured by VAS 
(P = 0.001). Furthermore, flexion, adduction, and internal rotation of the affected 
leg (FAIR test) produced less pain in the onaA group compared to the placebo 
group. In both studies, piriformis muscle injection was performed under electro-
myogrphic guidance using a long needle (3.5 cm or longer) in order to reach the 
deep piriformis muscle located behind gluteus maximus. In 2017, 15 years later, 
the same senior investigator published a controlled study [44] in which the results 
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of incobotulinumtoxinA (Xeomin) injection were blindly compared with that of 
placebo injections into the piriformis muscle in patients with PS. Following injec-
tion of 200 units, pain (measured by VAS) was significantly reduced in the incoA 
group at 2, 4, 8, 10, and 12 postinjection weeks (P < 0.0001). The FAIR test also 
significantly improved in the incoA group compared to placebo over 2, 4, 6, and 8 
postinjection weeks (P < 0.05). In addition to clinical features of pain, the authors 
have used specific abnormalities of H-reflex, elicited from posterior tibialis muscle 
to support the diagnosis of piriformis syndrome. Side effects were reported to be 
mild and transient in the toxin group consisted of pain at the site of injection (2), 
flue-like symptoms (1), neck pain (1), and wobbly neck (1). Similar side effects 
were reported in the placebo group.

Comment
Although piriformis syndrome as the cause of sciatic pain remains controversial 
[61], three class II studies have provided evidence that injection of BoNT into piri-
formis muscle can reduce sciatic pain in the affected patients. The larger studies 
used an injection dose of 200 units of BoNT-A (onaA or inco-A) which did not 
cause any serious side effects. The data indicates that injection of BoNT-A into the 
piriformis muscle is probably effective (level B evidence, two class II studies) in 
relieving sciatic pain in piriformis syndrome.

 Chronic Lateral Epicondylitis (CLE)

Chronic lateral epicondylitis is a common pain disorder affecting 1–3% of general 
population each year [62]. It is an overuse injury that is caused by repeated wrist 
extension against resistance. Heavy works requiring elbow extension and sports, 
particularly tennis, that often requires overextension of the elbow commonly cause 
CLE. Up to 50% of tennis players, especially those with poor or heavy swings, may 
develop this complication [62]. Although most acute cases improve with time if 
repeated elbow overextension is avoided, close to 20% develop CLE a year after 
the onset of their symptoms [63]. The lateral epicondyle is often tender to touch, 
and extension of the elbow generates pain. The pathology consists of degeneration 
of extensor tendons which is demonstrated well on in ultrasound examination, 
sometimes associated with inflammation [64]. Physical therapy avoiding elbow 
overuse and bracing helps in mild cases. Pharmacotherapy with nonsteroidal anal-
gesics and GABAergic drugs such as pregabalin and gabapentin offers help. Local 
injection of steroids and anesthetic agents is reserved for more severe cases.

 BoNT Therapy for Chronic Lateral Epicondylitis (CLE)

Four groups of investigators [43–46] conducted double-blind, placebo-controlled 
studies assessing the efficacy of BoNT injections in CLE (Table 6.3). All studies 
used abobotulinumtoxinA (Dysport) injections. The injection site was along the 
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course of the extensor muscles. The dose varied from 50 to 60 units. Different 
investigators chose different distances from lateral epicondyle as the site of 
BoNT injection. One group injected into extensors 1 cm below the tender epicon-
dyle [43], two groups injected between 3 and 5 cm below the epicondyle [44, 45], 
and one group injected 33% of the arm’s length below the epicondyle [46]. Three 
studies [43, 45, 46] with larger group of patients and employing a larger dose of 
toxin (60 units) reported improvement of pain (P < 0.05, measured by VAS) and 
physician satisfaction scale, whereas one study with smaller number of patients, 
injected close to epicondyle (cm) and employing a smaller dose of the toxin 
(50  units), did not report significant difference between the toxin and placebo 
groups [44]. Unfortunately, up to one-third of the patients after BoNT injection 
developed weakness of finger extensors that in some patients lasted up to 
3 months.

Comment
Injection of abobotulinumtoxinA (Dysport) below the tender lateral epicondyle into 
elbow extensors is probably effective in CLE (level B: one class I and two class II 
studies). Development of finger weakness is a bothersome side effect. Hopefully, 
future studies may reduce the frequency of this complication via refinement of 
injection technique and BoNT dose adjustment.

 Neuropathic Pain After Spinal Cord Injury

Han and coworkers [47] evaluated the analgesic effect of botulinum toxin type A 
(BTX-A) in 40 patients who experienced neuropathic pain after spinal cord injury. 
The study was randomized, double-blind, placebo-controlled, and parallel in design. 
In the toxin group, each patient received 200  units of Meditox (Korean toxin) 
injected subcutaneously into the area of skin affected by the neuropathic pain. The 
total dose of 200 U was distributed into several injection sites. The outcome mea-
sures consisted of Visual Analogue Scale for pain assessment (VAS), the Korean 
version of the short-form McGill Pain Questionnaire, and the World Health 
Organization WHOQOL-BREF quality of life. The patients’ response to the injected 
toxin or placebo was evaluated at 4 and 8 weeks postinjection. At 4 and 8 weeks 
following injection, the VAS score was significantly reduced in the toxin group 
(18.6 ± 16.8 and 21.3 ± 26.8, respectively) compared to the placebo group (2.6 ± 14.6 
and 0.3 ± 19.5, respectively) (P < 0.05). There was a trend toward significance in 
WHOQOL-BREF for the BONT-A group at 4 weeks (P = 0.0521). No side effects 
were reported.

Comment
This class I study provides a level B evidence (probably effective) for efficacy of 
subcutaneous injection of Meditoxin (type A, Korean BoNT) in neuropathic pain 
incurred in patients with spinal cord injury.
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 Chronic Pelvic Pain (CPP)

Chronic pelvic pain is defined as a noncyclic pain in the pelvic region of more than 
6 months’ duration. It is a common disorder in both genders. In one prospective 
study of a large number of women (n = >5000), 14.7% met the criteria for chronic 
pelvic pain [65]. There is evidence from blinded, placebo-controlled studies that 
both male and female pelvic pain may benefit from BoNT treatment. For male pel-
vic pain, these studies, one class I and one class II, provide a level B efficacy (prob-
ably effective), whereas for female pelvic pain, availability of one class II study 
denotes a possible level of efficacy (C level).

Gottsch el al. [48] have studied 11 male patients with CPP related to prostatitis 
in a randomized, placebo-controlled, double-blind protocol. A total of 100 units of 
BoNT-A was injected into the bulbospongiosus muscle. One month following treat-
ment, the response measured by Global Response Assessment (GRA) was signifi-
cantly better in the BoNT-A group compared to the placebo group (30% vs. 13%, 
p = 0.0002). The NIH-CPSI pain subdomain of NIH-CPSI score also significantly 
improved in the BoNT group. Another group of investigators injected 100 and 
200 units of abobotulinumtoxinA (Dysport) into the lateral lobe of the prostate (at 
three sites) of 60 patients with prostatitis and CPP [49]. Pain was evaluated by VAS, 
American Urological Symptom Score (AUA-SS), NIH-CPSI, and frequency of 
diurnal and nocturnal urination. Injections and assessments were performed under a 
double-blind, placebo-controlled protocol. All measures improved following BoNT 
treatment. NIH-CPSI pain subdomain and the VAS scores showed the most signifi-
cant improvements (scores were decreased by 79.9% and 82.1% at 6-month follow-
 up, respectively).

Recently, the beneficial effect of BoNT therapy in male chronic pelvic pain was 
supported by a class III study in that the effect of transurethral injection of 200 units 
of onaA into prostate was compared in 43 patients with no treatment over 12 months 
[66]. All patients had chronic pelvic pain due to chronic prostatitis (mean duration 
of 7 years). The outcome measures consisted of VAS for pain and NIH-CPSI total 
score. The toxin-injected group demonstrated a significant reduction of VAS 
(P  <  0.0001 and significant improvement of NIH-CPSI score (P  <  0.0001) at 
3 months.

There are several other pain disorders in which efficacy of botulinum toxins for 
pain relief is suggested based on limited (one class II study) and small double-blind, 
placebo-controlled clinical trials. These conditions which by AAN guidelines will 
currently have a C level evidence (possibly effective) include female pelvic pain 
syndrome, painful knee osteoarthritis, pain in children with cerebral palsy after 
adductor release surgery, and vastus lateralis imbalance syndrome [67].

The level of efficacy of BoNT therapy in myofascial pain syndrome (MFPS) has 
been designated as U (undetermined) by AAN’s assessment and guideline commit-
tee due to contradicting results from two large, class I clinical trials. However, the 
two studies employed different injection techniques: Gobel et al. [68] who reported 
statistically significant pain relief used a flexible injection pattern and injected 10 
trigger points, whereas Ferrante et al. [69] who reported failure of BoNT to relieve 
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pain in MPS injected less than five trigger points (in many patients one trigger 
point). The authors of this chapter feel that MFPS with Gobel et al.’s method should 
have a level B efficacy (probably effective) based on one well-designed and con-
ducted class I study.
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Chapter 7
Botulinum Toxin Treatment 
in Cardiovascular Surgery

Omer Tanyeli and Mehmet Isik

Abstract Although the use of Botulinum Toxin (BTX) is a common practice espe-
cially in cosmetics, plastic and ophthalmic surgery over the last four decades, car-
diac and vascular use is relatively new. The new articles published and ongoing 
studies for cardiovascular use are promising. Although the basic data and researches 
performed so far are rather limited, cardiac use can be sampled as suppression of 
postoperative rhythm, especially atrial fibrillation. Vascular use of BTX is mainly 
investigated for prevention of arterial spasm, mainly in graft patencies, or native 
arteries. BTX-A might be considered as an alternative topical agent for prevention 
of arterial graft spasms (Internal mammarian and radial artery) in coronary artery 
bypass graft surgery. Its effectiveness was also documented in different studies, 
involving the functional popliteal artery entrapment syndrome and vasospastic dis-
orders, including Raynaud’s phenomenon. With the highlights of recent articles 
gathered and our experience, this chapter briefly identifies the experimental and 
clinical use of BTX in cardiovascular area.

Keywords Botulinum toxin · Atrial fibrillation · Vasospasm · Radial artery · 
Internal mammarian artery · Raynaud’s phenomenon

 Introduction

Botulinum toxin (BTX) is a potent neurotoxin, which causes relaxation of striated 
muscles by blocking the release of acetylcholine at the neuromuscular junction. 
BTXs are produced by Clostridium botulinum and cause the clinical syndrome of 
botulism, causing flaccid paralysis of the skeletal muscles. Seven different subtypes 
are described so far, which are known to be the most potent toxins. The basic mech-
anism of action of the BTX subtypes (A–G) has been extensively studied, and their 
mechanisms of action can be found in previous chapters in detail.
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BTXs have been increasingly used worldwide in clinical practice since the 
1980s. The clinical use of BTX has dramatically increased in the last two decades, 
predominantly in cosmetics, hyperkinetic movement disorders, spasticity, and 
migraine. The clinical use of BTX in cardiovascular diseases is rather limited when 
compared to other fields of medicine where BTX has been in common use for over 
30 years. Among researchers, there has been an increased interest in the use of 
BTXs for vascular and cardiac conditions based on both experimental and clinical 
studies. The long duration of action and relatively irreversible but potent effects 
make BTX subtypes valuable in clinical use, especially in vascular surgery.

The main use of BTX subtypes can be categorized into either cardiac use or 
vascular use in cardiovascular disorders. The basic data and research performed in 
this area so far is rather limited. Cardiac use has focused on suppression of post-
operative rhythm, especially atrial fibrillation (AF). Vascular use of BTX (mainly 
BTX-A and BTX-B) is mainly investigated for prevention of arterial spasm, either 
in graft patencies or native arteries as in Raynaud’s phenomenon. This chapter will 
briefly review the experimental data and clinical use of BTX in cardiovascular 
disorders,  highlighting recent published articles and our experience; new perspec-
tives for potential use of BTX will be addressed as well.

 Cardiac Use of BTX for Rhythm Disturbances

The concept of using BTX in management of cardiac disorders began in the late 
1980s by Lamanna et al. [1]. They injected BTX into the coronary artery of experi-
mental animals and reported direct cardiac effects. In their study, crystalline-type 
BTX-A caused temporary bradycardia and electrocardiographic changes in mice, 
rats, rabbits, and dogs. Cardiac contractile force was found to be depressed in dogs. 
What’s more, electrocardiographic changes were indicative of conduction defects. 
The cardiac effects were spontaneously reversible in the intact animal without 
removal of the toxin, whereas in vitro studies of the isolated rat heart showed recov-
ery of the cardiac effects of BTX-A only after washing out the toxin, denoting a 
physical rather than a chemical mechanism for the reversibility of its effects on 
the heart.

Physiologically, heart rate is regulated by parasympathetic ganglia in the heart. 
Acetylcholine released from the parasympathetic nerve terminals decreases heart 
rate. In humans, almost all parasympathetic inputs that influence the heart rate pass 
through the ganglionic cells in the sinoatrial (SA) fat pad, which overlies the right 
atrial junction of the right pulmonary veins [2]. This is also true for the dogs, and 
stimulation of parasympathetic neural elements in the SA fat pad decreases atrial 
rate, which may cause sinus arrest in dogs [3]. Tsuibo et al. tested whether BTX 
inhibits the parasympathetic ganglionic neurotransmission in the heart by selective 
injection of BTX-A into the SA fat pad in the anesthetized dog heart [4]. They dem-
onstrated that BTX-A inhibited a decrease in sinus rate in response to cervical vagus 
nerve stimulation, when BTX had been injected into the SA fat pad before the vagus 
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nerve stimulation. As a result, they suggested that BTX could inhibit the parasym-
pathetic ganglionic neurotransmission in the dog heart in situ as it did in the neuro-
muscular junction in humans. Interestingly, BTX injected into the SA fat pad 
showed negative chronotropic responses to both stimulation of the cervical vagus 
nerves and to stimulation of the SA fat pad’s parasympathetic neural elements but 
did not affect atrioventricular conduction time. They speculated that, by injection of 
BTX, they could regulate bradycardia at the ganglionic neurotransmission site in 
the heart. This idea would theoretically prevent the patients with certain ventricular 
arrhythmias from sudden death by reducing the sympathetic nerve stimulation of 
the heart.

After the suggestion that BTX injection into the epicardial fat pads could sup-
press AF inducibility, the idea was also tested in humans to determine if it could be 
effective in prevention of atrial tachyarrhythmias. As a cardiovascular surgeon, the 
most common arrhythmia we see after open heart surgery is AF. It is commonly 
seen 2–5 days after surgery, with an incidence of 10–50% [5]. Postoperative AF 
may lead to serious complications including impaired heart contractility leading to 
hemodynamic instability, cardiac failure, stroke, and even death [6]. To prevent AF 
in the postoperative period, beta-blocking agents are strongly recommended by the 
guidelines [7, 8]. If AF develops in the postoperative period, anticoagulation for a 
certain period of time is mandatory to prevent embolic attacks which may lead to 
postoperative bleeding, in conjunction with the use of antiarrhythmic drugs (e.g., 
amiodarone), or cardioversion in the early phase. Any of the medications suggested 
above have both beneficial and adverse effects on hemodynamic stability.

Experimentally and clinically, it is well known that autonomic nervous system 
plays a critical role in the initiation and maintenance of AF and activation of both 
the sympathetic and the parasympathetic nervous systems often precedes the onset 
of AF [9]. Since BTX blocks the exocytotic release of acetylcholine stored in the 
synaptic vesicles and thus interferes with cholinergic neurotransmission, it may 
have an effective role in regulating the SA node’s electrical activity and signal trans-
mission. Pokushalov et  al. were the first to randomly compare the efficacy and 
safety of BTX injection into epicardial fat pads for preventing atrial tachyarrhyth-
mias; the patients were followed for a period of 1 year [10]. In this study, patients 
with history of paroxysmal AF and indication for coronary artery bypass graft sur-
gery were randomized to BTX or placebo groups. Fifty units of BTX-A was injected 
at four major epicardial fat pads during open heart surgery. There were no proce-
dural complications. The incidence of early postoperative AF within 30 days after 
coronary artery bypass operation was 2 among the 30 patients (7%) in the BTX 
group and 9 among the 30 patients in the placebo group, which was statistically 
significant. The most important finding was observed in later follow-up of patients. 
In examinations between 30 days and up to 12 months after surgery, 7 of the 30 
patients in the placebo group (27%) had recurrent AF, but none (0%) of the BTX 
patients developed AF, which was also statistically significant. Although the block-
ing effect of BTX is temporary and usually limited to 3–6 months, the longevity of 
the effects was more than predicted. Since the patients are more susceptible to post-
operative AF and other tachyarrhythmias in the early postoperative period, tempo-
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rary (3–6  months) effect of BTX might lead to more AF-free periods after the 
operations. One of the major advantages of BTX injection is suppression of AF 
without any destruction of the anatomic structures, or conduction pathways, in con-
trast to surgical management of arrhythmia (e.g., Maze operations). This study also 
showed that BTX injection did not delay timing of discharge from the intensive care 
unit, increase hospital length of stay, or cause any other identifiable postoperative 
complications.

The same group also extended the follow-up of the patients to 3 years and pub-
lished their data in 2018 [11]. The main findings of this report were that during the 
completed 3-year follow-up period, the incidence of any atrial tachyarrhythmia as 
well as AF burden was significantly lower in patients who received BTX injections 
during coronary artery bypass graft operation than those who received placebo. 
Also, the number of hospitalizations, mainly due to arrhythmia recurrences, was 
significantly lower in the BTX group.

Recently, a new randomized study was published by Waldron et al., with epicar-
dial injection of BTX-A [12]. In this study, a broader spectrum of patients was 
studied including not only coronary artery bypass graft but also valvular procedures 
and patients with higher median age. A total of 130 patients were enrolled in this 
study and were assigned to receive either BTX-A or saline injection in five epicar-
dial pads containing ganglionic plexi. In terms of methodology, the trial targeted left 
atrial ganglionic plexus as well as the anterior fat pad, which differs from the previ-
ously tested methodology (Fig. 7.1). Although the overall incidence of postopera-
tive AF was reduced (36.5% and 47.8%, respectively), this difference was not 
statistically significant. Also, no significant differences were seen between length of 
hospital stay and occurrence of adverse effects in patients who received BTX injec-
tion or placebo. As a result, this study failed to show prevention of postoperative AF 
after BTX injection.

The left atrial sizes, as a marker of atrial structural remodeling, which commonly 
is associated with increased risk for AF, were considerably different between the 

Fig. 7.1 Injection sites of BTX, as viewed from the perspective of the operating surgeon. (Figure 
is derived from the article Waldron et al. [12], with permission of the publisher)
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studies of Pokushalov and Waldron. Not only the standard patients but also the 
inclusion of valvular diseases with increased left atrial sizes might be the possible 
explanations for the inconsistent results between studies [13]. To better identify the 
role of BTX in prevention of postoperative AF, larger controlled studies to identify 
the best injection points in the epicardial fat are needed.

 Vascular Use of BTX in Cardiac Surgery for Vessel 
Preparation and Anastomosis

Coronary artery bypass graft surgery is the most common cardiac surgery world-
wide, since it is the most effective method of revascularization. In order to supply 
blood flow distal to the occluded/stenotic coronary arteries, vascular grafts are used. 
Among the vascular grafts used, arterial grafts (internal mammary artery, radial 
artery) are known to have better patency rates when compared to venous grafts (e.g., 
great saphenous vein). The most common problem for arterial graft use in bypass 
surgery is graft spasm, which may lead to failure of the graft patency as a result of 
occlusion. Various surgical techniques and pharmacological agents have been pro-
posed to overcome this problem. Unfortunately, there is no perfect vasodilator agent 
since vasospasm can have multiple causes. Generally, calcium channel blocking 
agents, sodium nitroprusside, and papaverine are the most commonly used agents to 
prevent spasm. In coronary artery bypass graft surgery, papaverine is used topically 
(1 mg/mL, 2.7 mmol/L) to prevent spasm of internal mammary artery. However, 
slow onset of action and acidity of the material, which may harm the endothelium if 
used intraluminally, are potential side effects. Sodium nitroprusside (1.7 mmol/L, 
0.5 mg/mL) is very potent but may cause hypotension if it enters into systemic cir-
culation [14]. The ideal vasodilator agent should have long-lasting effects with 
minimal, if any, systemic side effects and should not be toxic to the grafts. 
Unfortunately, currently, there is no ideal vasodilator agent readily available for this 
procedure.

The idea of using BTX for inhibition of muscle contraction to assess whether it 
might be effective in preventing arterial graft spasm was investigated by Murakami 
et al. [15]. Samples of abdominal aorta from male Wistar rats were cut into 2 mm 
rings and treated with various doses of BTX (type C solution) or papaverine for 
30 min. In the presence of KCl and noradrenaline, almost all concentrations of BTX 
completely inhibited arterial contraction when compared with controls. Spasm pre-
vention was lost after 60 min in rings with papaverine but persisted for 120 min in 
rings with BTX. Histologically, there was no arterial wall deformity with BTX. A 
positive change in blood flow of the femoral arteries was also observed after direct 
injection of BTX-A in rats [16].

As cardiovascular surgeons, we routinely use internal mammary and radial arter-
ies as conduits during bypass surgery. The concept of using radial artery was almost 
abandoned after its improper use in the 1990s but became popular again after the 
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concept of “full arterial revascularization” in the 2010s. Better preservation of the 
graft and choosing target vessels improved the patency of radial arteries. Although 
the prevention of vasospasm is overcome by the use of vasodilator agents, such as 
papaverine, the idea of finding nontoxic and long-lasting agents is still a common 
problem for surgeons. For this reason, we conducted a study using human radial 
artery in  vitro and compared the vasodilatory effects of papaverine and BTX-A 
[17]. This study is the first in the literature using human radial arteries in isolated 
organ baths to test for prevention of vasospasm by BTX-A. Contraction responses 
for different doses of serotonin and endothelin-1 were evaluated as a percent of 
maximum contraction response elicited by 80 mM KCl. The inhibitory effects of 
BTX-A and papaverine on contraction responses taken at the beginning were com-
pared with the 1st and 2nd hour responses. Inhibitory effects of BTX-A and papav-
erine against the contractile agent were evaluated by comparing the results of the 
first and the last (0th and 2nd hour) application.

Results of this in vitro study showed that pretreatment with both papaverine and 
BTX-A prevents vasospasm of human radial artery rings. In low concentrations 
(BTX-A, 10−8  M, and papaverine, 10−6  M), papaverine was found to be more 
 effective on serotonin, both at 0th and 2nd hours. Both BTX-A and papaverine 
inhibited the maximum contractile effect of endothelin-1 to the same extent at the 
0th hour, but the inhibitory effect of BTX-A was significantly stronger at the 
2nd hour.

In high concentrations (BTX-A, 10−6 M, and papaverine, 10−4 M), papaverine 
showed stronger inhibition on serotonin, whereas both agents had similar action of 
inhibition on endothelin-1-mediated maximum contraction responses.

The most important point of this study was to show the long-lasting action of 
BTX-A, which is crucial for ideal vasodilatory agents, since most of the occlusions 
of the conduits are seen during the first 24 hours or within early postoperative peri-
ods (30 days), which are mainly due to anastomotic problems, graft vasospasm and 
thrombosis, or hemodynamic instability of the patients. This study successfully 
proved that BTX-A inhibited both endothelin-1 and serotonin-induced contractions, 
and its effectiveness did not decrease over time in contrast to what was observed 
with papaverine. The histological examination also revealed that all of the vascular 
layers (intima, media, and adventitia) kept their integrity without any signs of fibro-
sis, inflammation, mitosis, or necrosis, which is the desired and the optimal out-
come expected of a vasodilatory agent.

In another study, we studied the effects of BTX-A and papaverine on human 
saphenous vein and internal mammary artery grafts in the same manner, and the 
preliminary results are presented here [18]. This study showed, for the first time, 
that incubation with BTX-A effectively relaxed both internal mammary artery and 
saphenous vein rings contracted with serotonin and endothelin-1. Duration of the 
vasodilatory effect of BTX-A was longer than papaverine. This inhibition of con-
traction and vasodilatory effect varied according to vasoconstrictor agent, dose, and 
vessel type, and contrary to papaverine did not decrease with time. As seen in the 
radial artery study, no vascular damage was seen after incubation with BTX-A. The 
details of this study will be published later.
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These two studies performed in human radial and internal mammary arteries 
may open new perspectives in clinical use; for example, BTX-A might be consid-
ered as an alternative topical agent for prevention of arterial graft spasms in coro-
nary artery bypass graft surgery. Positive in vitro results might not be seen in in vivo 
conditions; to be able to give definitive recommendations about its clinical use, 
in vivo randomized clinical trials should be designed.

Another issue in preservation of graft patency is thrombosis. Usually, thrombo-
sis is prevented by the use of anti-aggregating agents, such as acetyl salicylic acid 
or clopidogrel. Not only cardiovascular surgeons but also plastic surgeons and 
orthopedic surgeons deal with vascular anastomosis for tissue transfer for recon-
struction of complex defects throughout the body. The most common cause of free 
flap failure is vascular anastomotic problems and thrombosis. Its prevalence is 
evenly distributed among isolated arterial and venous structures or simultaneous 
arterial and venous failure [19]. Factors contributing to a difficult anastomosis 
include vasospasm, traumatized recipient vessels within the zone of injury, scar, 
infection, and radiation. In an animal model where free tissue transfer was per-
formed, Clemens et al. used BTX-A in Sprague-Dawley rats [20]. Rats were pre-
treated with BTX-A subcutaneously injected into a randomly selected femoral 
vessel. The contralateral limb in each animal was similarly injected with saline and 
served as a control. After 5 days, femoral vessels were measured to determine the 
effect of neuromuscular blockade on diameter. Vessels were then divided and 
reanastomosed and subjected to systemic peripheral vasoconstrictor, phenyleph-
rine, and lower extremity thermal effect of ice bath. Vessel patency was recorded 
before cold challenge and 1 hour thereafter. In this experimental model, the diam-
eter was larger in all neuromuscularly blocked vessels. The BTX-A-treated arterial 
average was larger than the matched control, and also the venous average was 
significantly larger. As a result, anastomosis difficulty and time spent on the proce-
dure were significantly less in BTX-A-pretreated group. Patency was 100% in 
BTX group, whereas it was 44% in the saline control group 1 hour after vasospas-
tic challenge.

Similarly, Janz et al. transected and immediately repaired bilateral femoral arter-
ies and veins of 25 rats via microscopic techniques [21]. Each rat had one leg ran-
domly assigned to receive BTX-B; the contralateral side received normal saline. 
The rats were divided into five different groups, and each group was exposed to 
different vasospastic stresses, including systemic phenylephrine, and lower extrem-
ity cold temperature challenge at different time points (12, 24, 48, 72, and 120 hours). 
Then the wounds were reopened for evaluation of vessel diameter and thrombosis. 
Vessel thrombosis rate was significantly lower in BTX-B-treated group, and the 
average increase in diameter was significantly greater than that of control, regard-
less of patency.

This demonstration of both arterial and venous diameter increase and resistance 
to contraction in animal studies was consistent with our findings in the human radial 
artery, internal mammary artery, and great saphenous vein. As a future perspective, 
these findings may lead to the use of BTX-A in coronary artery anastomosis for 
enlargement of vessels, avoiding excessive contraction, and prevention of thrombo-
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sis. Also, they may be used for below-the-knee bypass surgery in patients with 
peripheral artery disease, where the vessel diameter is pretty small and subject to 
thrombosis due to poor runoff. Since BTX-A affects both arterial and venous sys-
tems, it might have beneficial effects on early maturation of arteriovenous fistula in 
end-stage renal failure patients. Of course, these are just theoretically derived pos-
sible effects and need to be objectively confirmed by well-designed, randomized, 
prospective studies.

 Use of BTX in the Treatment of Functional Popliteal Artery 
Entrapment Syndrome

Popliteal artery entrapment syndrome (PAES) is a rare cause of exertional leg pain, 
caused by compression of neurovascular structures situated in the popliteal fossa by 
hypertrophic muscles. PAES is classified into two groups: anatomical and func-
tional [22]. In the anatomical type, there is a clearly defined anatomical lesion which 
causes direct occlusion of the artery. According to the course of the popliteal artery, 
the anatomical variants were classified into types I–IV, with type V involving the 
popliteal vein in any of these types. These patients are typically older with sedentary 
lifestyle and present a relatively small group (0.6–3.4%) among PAES patients [23]. 
Usually the treatment is surgical in order to overcome symptoms.

Functional PAES is a more common form of the disease, with normal anatomy. 
Embryological development of the medial head of gastrocnemius muscle is more 
lateralized and responsible for the arterial compression of popliteal artery between 
it and the lateral condyle, lateral head of gastrocnemius, or plantaris [24]. Functional 
PAES patients are typically more active patients, younger, and with female pre-
dominance [23].

For management of functional PAES, surgical approach with myotomy is the 
treatment of choice. Surgical management often consists of lysis of fascial attach-
ments and release of tendons (i.e., plantaris) and/or myotomy of the gastrocnemius, 
plantaris, and/or soleus muscles [25]. Unlike the management of anatomical PAES, 
most of the patients with functional PAES do not require vascular reconstruction; 
that’s why myotomy is often enough and, hence, is the gold standard therapeutic 
option. Turnipseed reported 0% rate of recurrence among 43 patients treated by 
myotomy with a follow-up period of 8–84 months [26].

BTX injection for paralysis of muscles to manage various medical conditions is 
well established in the literature. BTX is commonly used for treatment of muscle 
spasticity, especially in cerebral palsy patients. Since functional PAES is caused 
predominantly by muscular factors affecting the flow of popliteal artery and the 
treatment of choice is mainly myotomy, the idea of a less invasive approach using 
BTX injections has been proposed. Theoretically, BTX injection might result in 
paralysis of muscular sliding, which may be responsible for the dynamic arterial 
occlusion; might provide localized muscle atrophy which may increase the space 
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for vessel; and possibly might cause arterial smooth muscle relaxation of the popli-
teal artery resulting in vasodilation [27]. Gandor et al. were the first to apply BTX-A 
injections into the gastrocnemius and plantaris muscles in eight patients with func-
tional popliteal entrapment syndrome [28]. In this study, 50 MU BTX-A was 
injected into the medial head of the gastrocnemius muscle, and 50 MU BTX-A into 
the plantaris muscle under EMG guidance. Clinical symptoms were reported to 
have improved in 81.3% of patients. A marked improvement was reported for ten 
legs (62.5%), a moderate improvement for two legs (12.5%), and a mild improve-
ment for one leg (6.3%). Symptom improvement lasted for 4 months on average. As 
a result, they suggested BTX-A injection could be used as a noninvasive alternative 
to surgery.

In a series of two studies, Shahi et al. analyzed the use of BTX-A injection in 35 
patients [25]. For the BTX treatment group, improvement of symptoms was achieved 
in 66% of patients at an average follow-up time of ten months.

In another study published by Hislop et al., functional PAES was treated with 
ultrasound-guided BTX-A injection [29]. In this study, 27 patients were included, 
with a mean age of 29 years (range of 16–65 years). All patients had symptoms for 
at least 3 months, and 18 patients (67%) had symptoms for longer than 2 years prior 
to diagnosis. After taking baseline treatment, all patients were given repeated “top-
 up” injections at 6–12 months. Patients provided subjective symptom reports at 6 
and 12  months post intervention. No patients reported being worse off after the 
intervention, and nearly 60% had a favorable response at 12-month follow-up. 
Although BTX-A injection is expensive, the present findings also highlight that 
BTX-A treatments may result in fewer adverse effects than surgical treatment 
modalities.

Since PAES is a rare disease, patient selection and data collection is difficult, but 
all findings available so far suggest that more rigorous investigations are needed to 
confirm the effectiveness of BTX-A for treatment of functional PAES.

 Use of BTX in Functional Vasospastic Disorders

Vasospastic disease is an inappropriate, reversible vascular constriction in the distal 
arteries caused by a variety of stimuli, most commonly cold or emotional stress. 
Vasospasm induces ischemia that results in pain, ulcerations, and disuse, often ren-
dering the patient debilitated and depressed [30].

Raynaud’s phenomenon is defined as reversible ischemia of digital arteries 
induced by cold exposure and stress. Raynaud’s disease is an idiopathic cause of 
Raynaud’s phenomenon, whereas Raynaud’s syndrome is defined as a secondary 
sequel of associated diseases including lupus, scleroderma, rheumatoid arthritis, 
Sjogren syndrome, lymphoma, leukemia, lead exposure, diabetes mellitus, and 
drug-related causes including beta-blockers or oral contraceptives [31].

Either primary or secondary vasospastic disorders resulting in arterial insuffi-
ciency may cause episodic digital asphyxia. Therapeutic options include general 
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preventive measures such as avoiding tobacco and caffeine consumption, prevent-
ing exposure to cold, and reducing or eliminating emotional stress. Medical therapy 
is usually necessary, but effectiveness varies. Calcium antagonists are used as first- 
line treatment as they reduce the number and severity of the episodes [32]. Other 
medical treatment options include aspirin or dipyridamole to inhibit platelet aggre-
gation, topical nitrates, phosphodiesterase inhibitors, prostaglandin analogs, endo-
thelin receptor antagonists, and short-term heparin anticoagulation for refractory 
cases [33–36]. In cases with intractable pain, surgical denervation with sympathec-
tomy is the preferred therapeutic choice.

Based on the effectiveness of BTX-A in the management of focal dystonic and 
spastic syndromes as well as its recent in vitro differential effects on vasoconstric-
tion and vasodilation, Sycha et al. proposed the use of BTX-A for the treatment of 
Raynaud’s phenomenon. In 2004, they published the results of their pilot study on 
two patients [37]. They treated primary and secondary Raynaud’s phenomenon 
patients with intradigital BTX-A injections; the clinical response and the superficial 
blood flow was assessed using laser Doppler interferometry. Their data confirmed 
beneficial effects on clinical symptoms and also objectively showed an increased 
blood flow on Doppler scans. Interestingly, there was also some suggestion of mild 
systemic effect on noninjected fingers. After this pilot study, the use of BTX-A in 
Raynaud’s phenomenon increased, and more studies were published confirming the 
effectiveness of BTX in management of Raynaud’s phenomenon.

After the incidental finding that a patient treated for palmar hyperhidrosis by 
BTX showed elimination of symptoms of Raynaud’s syndrome for 3 months, van 
Beek et al. hypothesized that BTX-A induced digital artery neuromuscular block-
ade [38]. They reported the use of BTX-A in 11 patients with Raynaud’s syndrome 
presenting with intractable pain at rest, impending infarction, infarction, and isch-
emic ulcerations that were refractory to conventional oral and parenteral therapy. 
Their protocol was to inject all the fingers and palm of the symptomatic hand with 
an equal distribution of Botox into each injection site. Only if the thumb were symp-
tomatic would it be injected at its base. Each hand was injected with 200  U of 
BTX. Targeted anatomic sites included the superficial palmar arch, common digital 
arteries, and proper digital arteries. Through multiple injection sites, 8–12  U of 
BTX solution was injected into each of the 8–10 areas previously marked. A total of 
11 patients were followed with an average follow-up of 9.6 months, the longest 
being 30 months. All patients had relief of digital pain at rest from 9–10/10 to a level 
of 0–2/10. They all reported decreased episodes of vasospasm and cyanosis. All 
small digital ulcerations healed spontaneously. Skin temperature was recorded and 
all patients demonstrated 1.0–4.0 °C improvement in their skin surface temperature. 
None of the patients suffered any systemic complications related to the BTX. In this 
study, BTX was thought to have dual action: inhibition of vasospasm by blocking 
cold-induced vasoconstriction and prevention of α2 receptor recruitment to vascular 
smooth muscle in cold conditions. Because of the complexity of surgical digital 
artery sympathectomy along with its associated high risk of persistent symptoms, 
the authors concluded that the therapeutic use of BTX-A injections represents an 
attractive alternative therapy.
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Fregene et al. tried to identify patient subgroups that would most benefit from 
injection therapy and to define a uniform pattern for injection technique [39]. A total 
of 26 patients were treated with a range of 10–100 U of BTX-A, with a significant 
decrease in pain scores in all groups along with significant improvement in transcu-
taneous oxygen saturations and ulcer healing. However, they were unable to find a 
specific injection site statistically superior to others.

Neumeister et al. published a retrospective analysis of 19 patients with Raynaud’s 
phenomenon [30]. All patients suffered from ischemic pain at rest. Sixteen patients 
(84%) noticed an immediate increase in perfusion of the fingers and a significant 
reduction in pain. A laser Doppler examination evaluated and verified the increase 
in digital blood flow. BTX did not benefit the three patients with advanced connec-
tive tissue disease. They reported that a fascinating aspect of BTX injection was the 
almost immediate and dramatic reduction in pain. One would not expect such a 
decrease in pain to be a result only of restoring blood flow, because many patients 
had ulcerations that should have remained tender until healed. Digit sensibility was 
not affected. They concluded that BTX might act through modulation of the inner-
vations of the vessels or by blockade of the chronic neuropathic pain pathways.

In a 3-year follow-up study by Medina et al., a total of 15 patients with severe 
Raynaud’s phenomenon who required infiltration with BTX-A were recruited [40]. 
The infiltration protocol comprised reconstitution of a vial containing 100 units of 
BTX-A in 5 mL of saline serum (diluted to 20  IU/mL) and injection of BTX-A 
(4–8 IU of BTX, depending on the severity) at the base of the lateral aspects of all 
the fingers, except the first finger, since this is least frequently affected (Fig. 7.2). 
Thirty minutes after injection of BTX, six patients already showed a response, and 
four of these were noted as “very good.” This immediate response had been observed 
by other authors, with particular significance when it came to a reduction in pain. 
The reduction in the number of weekly vasospasm episodes was significant 1 month 
after the treatment, decreasing from an average of 30 to an average of 14. The aver-
age decrease in pain intensity – which was the earliest and most striking response – 
was also statistically significant. In addition, five patients continued to improve 

Fig. 7.2 Injection sites of 
BTX in Raynaud’s disease 
at the base of the lateral 
aspects of all the fingers, 
except the first. (Figure is 
derived from the article 
Medina et al. [40], with 
permission of the 
publisher)
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beyond the first month, reaching the maximum response at 6 months. For the others, 
after 6 months, both the number of episodes and the severity of pain remained stable 
with respect to the data recorded 1 month after the treatment. They concluded that 
BTX was a safe, accessible, and effective therapeutic alternative for the treatment of 
severe Raynaud’s phenomenon, allowing the nonresponders to conventional treat-
ments to maintain a good quality of life, through annual injections before the win-
ter period.

Different from the other studies, Weum et al. performed precise administration of 
BTX around the radial artery using a single ultrasound-guided injection for vaso-
spastic disorders [41]. Ten patients with the diagnosis of either primary or second-
ary Raynaud were included in their pilot study. Under ultrasound guidance, 20 IU 
BTX-A was administered around the radial artery and its adherent veins 3–5 cm 
proximal to the wrist. One patient reported temporary reduced grip strength, most 
likely due to leakage of BTX to the flexor pollicis longus muscle. All patients 
reported reduced number of vasospastic episodes, warmer hands, and reduced pain. 
This novel approach could be a promising treatment approach for vasospastic disor-
ders of the hands in patients with primary and secondary Raynaud.

 Use of BTX in Other Vascular Pathologies

In a case report published by Danielson et al., chemodenervation with BTX-A injec-
tion into the anterior scalene muscle effectively improved subclavian artery blood 
flow in a patient with thoracic outlet syndrome. This report suggested expansion of 
the role of BTX beyond a therapeutic option to include its use as a diagnostic test 
and predictor for surgical intervention [42].

With the proven effects of BTX on vasospastic disorders highlighted, theoreti-
cally BTX has potential applications for other vasospastic conditions of the hand, 
including frostbite, regional pain syndrome, reflex sympathetic dystrophy, 
vasopressor- induced digital ischemia, and extravasation injuries [38]. Any pathol-
ogy resulting in vasospasm seems to be resolved by perivascular injection of BTX; 
however, since documentation of the beneficial effects is mandatory in order to 
propose its use as a novel treatment modality in additional conditions, randomized 
controlled trials are necessary.

 Conclusion

Although BTX is approved for treatment of blepharospasm, cervical dystonia, 
hyperhidrosis, moderate-to-severe glabellar lines, ocular strabismus, and torticol-
lis by the US Food and Drug Administration, there are also off-label uses, as dis-
cussed in this chapter [30]. Nearly 40 years of experience is available for the use 
of BTX in plastic surgery and ophthalmology, but its use in cardiovascular disor-
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ders is relatively new and in its infancy/crawling period. Recently published arti-
cles and ongoing studies show a promising role for use of BTX in a variety for 
cardiovascular disorders; its application will probably be extended as the mecha-
nism of action, and effects of BTXs become better known and established in prop-
erly designed studies.
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Chapter 8
Botulinum Toxin A in Abdominal Wall 
Reconstruction

Allaeys Mathias and Berrevoet Frederik

Abstract Reconstruction of large abdominal wall defects is often a challenge for 
both surgeons and patients. Preoperative conditioning prior to surgery can be crucial 
for success. Administration of botulinum toxin A (BTA) in the lateral abdominal 
wall for stretching the musculature seems to provide myofascial advancement and 
enlargement of the torso diameter. Although the use of BTA has increased since its 
introduction in 2009, the current evidence on both its safety and efficacy, as well as 
on its exact role in the treatment algorithm of these types of hernias, remains unde-
termined. In this chapter, we aim to give a complete overview on the current evi-
dence on the use of BTA in abdominal wall reconstruction.

 Keywords Abdominal wall repair · Incisional hernia · Botulinum toxin A · Giant 
hernia · Loss of domain

 Introduction

Abdominal wall surgery encompasses the treatment of fascial defects. These lead to 
an abnormal bulge of the peritoneum (i.e., the hernia sac), which contains visceral 
structures. Primary hernias are mostly categorized by location, varying from the 
frequent inguinal, umbilical, and epigastric hernias to the somewhat less common 
Spigelian (at the semilunar line) and lumbar defects (Petit and Grynfeltt). These 
hernias always present in distinct anatomical regions with known structural 
weakness.

An incisional hernia, however, will always present as a result of a previous surgi-
cal intervention, in which the aponeurotic layers of the incision heal incompletely. 
This leads to a fascial defect that will gradually enlarge over time due to physiologi-
cal intra-abdominal pressure changes and fibrosis of the lateral abdominal wall 
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muscles. So one can understand that virtually any location in the abdominal wall 
can present with an incisional hernia. Due to a median laparotomy, being the most 
commonly used access in open abdominal surgery, midline incisional hernias com-
prise the bulk of these defects.

When the linea alba is cut during midline laparotomy and afterward fails to heal 
completely, the insertion of the lateral oblique muscles is lost. This results in passive 
unloading of the lateral abdominal wall, because the normal force across the myo-
fascial structure is lost. The work by Dubay et al. showed that the disruption of this 
equilibrium of loading forces induces pathologic fibrosis, disuse atrophy, and 
changes in muscle fiber-type composition in the internal oblique muscles [1]. This 
will then subsequently lead to lateral retraction of the abdominal wall and hernia 
width progression with therapeutic consequences as well, as the forces to bring the 
midline back together become much stronger, leading to a higher tension repair and 
thus increasing the risk of recurrence after hernia repair.

As one of the most frequent complications after abdominal surgery, incisional 
hernias have a reported incidence of up to 20%, with this number going as high as 
35% in high-risk patients [2]. These hernias cause significant morbidity, impair 
quality of life, and form a substantial economic burden [3]. Predisposing factors for 
hernia formation are diabetes mellitus, obesity, cachexia, increasing patient age, 
male sex, chronic obstructive pulmonary disease (COPD), history of or surgery for 
abdominal aortic aneurysm, anemia, smoking, corticosteroids, upper midline inci-
sion, previous median laparotomy, previous incisional hernia, emergency surgery, 
and prior local wound infection [4, 5].

When ventral hernias become very large, with a laterolateral diameter of around 
and over 15 cm, surgery becomes more and more challenging (Fig. 8.1). Repair is 
then associated with a higher rate of impaired wound healing, a longer hospital stay, 
a higher rate of reoperations and readmissions, and increased recurrence rates.

Fig. 8.1 Clinical example of a giant ventral hernia with loss of domain
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For research purposes and unification, the European Hernia Society proposed a 
classification system in 2009. Here, hernias are subdivided according to localization 
(five midline regions and three lateral regions), width of the defect, and whether or not 
the defect has been repaired before [6]. This, however, does not suffice as an adequate 
guide for clinical and surgical strategy decision-making. In 2014, a definition was 
proposed of what entailed a complex abdominal wall hernia [7]. Again, size and loca-
tion were factored in, but also contamination and soft tissue condition, patient’s his-
tory as well as risk factors, and the clinical scenario. This somewhat illustrates that 
hernia repair comprises more than simply closing a fascial defect. Patients who pres-
ent with large and complex abdominal wall defects are frequently patients with an 
extensive medical and surgical history and concomitant comorbidities, placing them 
at risk for a higher rate of surgical and nonsurgical complications.

 Surgical Technique

As stated above, the abdominal flank muscles exert a continuous lateral force, which 
impedes bringing the fascial edges together (i.e., the primary goal in incisional her-
nia surgery). In a standard retromuscular repair, the medial edges of the posterior 
rectus sheath are cut, and the retromuscular plane is developed onto the semilunar 
line. This creates a retromuscular pocket where a mesh is then placed. Cutting the 
fascial envelope of the rectus sheath also flattens and widens the rectus muscle, 
which leads to a medial gain of around 5 cm (Fig. 8.2) [8]. Generally speaking, in a 
hernia defect width larger than 10 cm, a standard retromuscular dissection will not 
suffice. The wider the defect becomes, the lower the rate of primary fascial closure 
and the higher the rate of recurrence. Surgery for these larger defects also predis-
poses to a higher risk for local wound complications and places the patient at risk 
for respiratory complications. Furthermore, a large ventral hernia can lead to signifi-
cant loss of domain, where a large portion of the visceral contents (>25%) sits out-
side of the abdominal cavity [9]. When tackling these hernias and reducing the 
contents into the abdomen, these patients have an elevated risk of developing intra- 
abdominal hypertension and subsequent abdominal compartment syndrome.

Bridging, in contrast, is a technique in which the anterior aponeurotic layers 
can not be fully approximated, and in which cases a mesh is placed on top of the 
anterior fascia and fixed with a large overlap, thus “bridging” the defect. Although 
not always possible, this is best avoided, since it leads to more bulging (pseudoher-
nia) and possibly higher recurrence rates. It also does not reconstitute the functional 
core anatomy of the abdominal wall.

Various extra surgical strategies exist to overcome the problem of bridging the 
defect. In component separation techniques, one of the lateral abdominal muscles 
and its aponeurosis is cut to provide added medialization of the anterior fascia. This 
can either be the external oblique muscle (anterior component separation (Fig. 8.3); 
Ramirez et  al. [10]) or the transversus abdominis muscle (transverse abdominis 
release or TAR (Fig. 8.4); Novitsky et al. [11]). Both of these techniques flatten and 
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stretch the remaining two lateral wall muscles, making it easier to bring the midline 
together.

In progressive pneumoperitoneum (PPP), the abdomen is gradually distended by 
daily insufflation of room air through a surgically placed catheter. This is usually 
achieved over a period of 7–14 days, after which the hernia repair is carried out 
subsequently. PPP primes the abdominal cavity for the added volume of visceral 
contents when reducing the hernia, thus reducing the rate of postoperative intra- 
abdominal hypertension and increasing the rate of anterior fascial closure.

 Botulinum Toxin A in Hernia Repair

Botulinum toxin A (BTA) is known to induce flaccid paralysis in directly targeted 
muscle groups. This effect gradually begins after 2–3 days of administration, with a 
maximum effect after 2–4  weeks. After 3  months, the paralytic effect will then 

Fig. 8.2 A standard retromuscular hernia repair, as described by Jean Rives and René Stoppa. 
(From book: Hernia Surgery Current Principles. ©Springer International Publishing Switzerland 
2016. Online ISBN 978-3-319-27470-6 – Reproduced with permission from Springer publishing)
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Fig. 8.3 Anterior component separation, as described by Ramirez. (From book: Minimally 
Invasive Component Separation for the Repair of Large Abdominal Wall Defects. ©Springer 
International Publishing AG 2017. Online ISBN 978-3-319-55868-4. Reproduced with permission 
from Springer Publishing)

8 Botulinum Toxin A in Abdominal Wall Reconstruction



178

steadily start declining. As a hypothesis, injecting BTA into the lateral musculature 
of the abdominal wall would provide an elongation of these muscles and a reduction 
of the hernia defect width. This would subsequently lead to a less-tension abdomi-
nal wall reconstruction. In 2006, Kakmak et al. demonstrated a decrease in abdomi-
nal pressure when BTA was injected into the abdominal muscles of a rat model [12]. 
Ibarra-Hurtado was the first to report the use of BTA in an in vivo hernia repair [13, 
14]. Twelve patients undergoing hernia repair after open abdomen management 
were treated. An overall mean reduction of 5.25 ± 2.32 cm of the transverse defect 
was observed. In 2012, Zielinski et al. reported their series of 18 patients, achieving 
a primary fascial closure rate of 83% after open abdomen management [15]. Here, 
the term “chemical components separation” was coined for the first time. Further 
reports confirmed these findings: BTA injection elongates and flattens the lateral 
abdominal wall muscles and decreases the hernia defect measures, in both open and 
laparoscopic-assisted hernia repairs [16–19].

There are only a few observational studies, mostly retrospective, evaluating the 
effects of BTA administration in hernia surgery and no prospectively randomized 
trials or even comparative studies. The number of reported patient series is low and 
very heterogeneous in terms of dosage, injection technique, hernia characteristics, 
final operative technique, and type of mesh used. These issues were highlighted by 

Fig. 8.4 Transversus abdominis release, as described by Novitsky. (From book: Atlas of abdomi-
nal wall reconstruction. ©Elsevier, Inc. 2017. eBook ISBN 9780323428019 – reproduced with 
permission from Elsevier)
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Motz et al. [20] The reviewed studies used either 500 U total of BTA administered 
via five injections per laterality of the abdomen [13, 16, 21], or 300 U total admin-
istered via three injections per side [17, 22], or a total of 200 or 300 U administered 
via three injections per side [23]. The BTA was diluted to different concentrations 
with 0.9% saline depending on the individual protocols of each study, ranging from 
2 U/mL [17, 22, 23] to 10 U/mL [21] to 100 U/mL [16]. Injection location was 
confirmed with either ultrasound guidance [16, 17, 22, 23] or electromyography 
[13, 21]. Four studies describe injecting equal amounts of BTA in the muscle bellies 
of the external oblique, internal oblique, and transversus abdominis [17, 21–23]. 
One study described injecting between the external and internal oblique [16], and 
one study did not specify the level of injection [13]. Two studies administered injec-
tions of BTA between 1 and 4 weeks before hernia repair [17, 23], whereas three 
administered BTA 4 weeks before surgery [13, 16, 21]. One study did not control 
for time from administration to surgery, with the majority of patients receiving BTA 
on the day of surgery [22].

In spite of this limited data, it becomes clear that BTA administration provides 
several useful effects. Hernia defect size reduction was reported in three studies [13, 
16, 21], and two studies showed significant lengthening of the lateral abdominal 
wall musculature [17, 23], with all of these findings having been objectively con-
firmed through CT scans (Fig. 8.5). Primary fascial closure rates, as reported in 4 
studies range from 95.7% up to 100% [13, 15, 20, 22]. Zendejas et al. published a 
fascial closure rate of only 40.9%, but this r is probably due to the short period of 
time between BTA administration and final surgery [22].

In 2018, Bueno-Lledó et al. demonstrated that the combination of BTA injection 
and progressive pneumoperitoneum is highly effective in the repair of complex inci-
sional hernia repair [21]. A retrospective series of 70 patients with prospectively 
collected data was presented. Only patients with a “volume of incisional hernia” 
(VIH)-to-“volume of abdominal cavity” (VAC) ratio greater than 20% were 
included. All patients underwent BTA injection 4 weeks prior to surgery, as well as 
500–1000 cc of PPP daily for 1–2 weeks. Despite the fact that the average VIH 

Fig. 8.5 Abdominal CT scan (a) before BTA application and (b) after BTA application, showing 
flattening and lengthening of the lateral abdominal wall muscles
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increased, the VIH/VAC ratio decreased dramatically, with an average reduction of 
16.6%. Although the width of the transverse fascial defect was not diminished sig-
nificantly, primary fascial closure was achieved in nearly all patients (95.7%). And 
at an average follow-up of 34.5  months, only four patients presented with a 
recurrence (5.7%).

All of together these findings have led to the fact that BTA is now widely accepted 
as a beneficial adjunct in abdominal wall reconstruction, being particularly useful in 
patients with large ventral hernias with or without loss of domain, and in contami-
nated settings that prohibit the use of synthetic mesh. Comparative studies could 
establish this further (e.g., comparing patients injected with BTA to a control group 
and even comparing these to classical surgical component separation and patients 
treated with PPP). However, in reality this study setup is difficult to manage, as 
patients with complex ventral hernia require a detailed surgical treatment plan, with 
the use of all possible adjuncts to maximize the change of success. A complex ven-
tral hernia repair, in most cases, is a one shot surgery, and study designs in which 
patients would be refused beneficial treatment strategies might be difficult to justify.

 Botulinum Toxin A and Postoperative Pain

A somewhat less known effect of BTA is that it provides analgesia, since it not only 
blocks the release of acetylcholine but also prevents the release of calcitonin gene- 
related peptide and substance P, which are pain-modulating molecules. After a case 
report by Smoot [24] that paved the way, Zendejas et al. established these analgesic 
properties in a series of 22 patients undergoing incisional hernia repair. These 
patients were retrospectively matched to 66 control subjects. The patients receiving 
BTA injections used significantly less opioid analgesia (expressed in morphine 
equivalents) and also reported significantly less pain (visual analog scale – VAS) 
when compared to the controls. However, no significant difference in hospital stay 
was noted [21].

 Botulinum Toxin A in Hernia Prevention

The lateral muscle complex (external oblique, internal oblique, and transverse 
abdominis) yields a continuous lateral retraction force, which is opposed by the 
linea alba. When performing a median laparotomy, the linea alba is incised and at 
the end of the procedure reapproximated. This linea alba incision needs time to 
remodel and scar together. The hypothesis could be made that if the lateral complex 
could be paralyzed during the early remodeling phase of the linea alba, the rate of 
incisional hernia formation would decline. In 2015, Lien et al. showed that injecting 
botulinum toxin A (BTA) into the abdominal muscles of a rat model, the rate and 
size of incisional hernia formation after midline laparotomy was significantly lower 
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when compared to rats that were injected with saline [25]. As for the role of BTA in 
hernia prevention in humans, no data exists. Up to this point, Zielinski et al. were 
the only ones to publish their use of BTA as an adjunct to achieve primary fascial 
closure in open abdomen management rather than hernia repair [15]. Unfortunately, 
no data was published on the rate of hernia formation afterward.

When used as an adjunct in complex ventral hernia repair, BTA administration 
and its prolonged postoperative effect is thought to protect against subsequent inci-
sional breakdown of the repair and to minimize the risk of dehiscence during the 
early healing phase [19, 26]. In cases in which the risk of recurrence is considered 
to be high, an additional administration of BTA in the postoperative phase may 
provide additional protection.

 Administration Technique and Safety

Administration of BTA is generally well tolerated, with only rarely reported side 
effects. Intravascular injection is to be avoided at all cost, since this can lead to a 
generalized botulism-like syndrome [27]. Up to now, no serious adverse events have 
been reported in the literature following BTA administration for hernia repair. 
Lesser side effects such as bloating, and weaker cough and sneeze, generally run a 
benign course and do not cause significant clinical issues. Most of these symptoms 
can be managed with the use of an abdominal binder.

In a report by Nielsen et  al. [28], including 37 patients who underwent BTA 
administration prior to hernia repair, patients were retrospectively evaluated for 
short-term outcome and complications related to the use of BTA. They found BTA 
to be a safe adjunct to large ventral hernia repair, demonstrating that the overall 
complication rate after abdominal wall reconstruction was comparable to studies 
who reported on complex ventral hernia repair without the use of BTA. One patient 
reported pain immediately after the injection, which resolved spontaneously. 
Theoretically, since the abdominal wall muscles play a role as accessory respiratory 
muscles, a higher rate of respiratory complications could be expected. But even in 
patients with known COPD, administration of BTA did not cause any exacerbations, 
although caution is still advised in this population of patients.

Although never reported in hernia repair, primary non-response has been docu-
mented in up to 10% in the general population [27]. Secondary non-response, due 
to BTA antibody formation, is a factor to be taken into account when administering 
BTA for hernia repair in patients chronically receiving the product with short inter-
vals for other indications [29]. Of course, failure to properly handle the product 
(e.g., storage temperature requirements and dilution technique) can also prohibit the 
desired clinical effect.

As to which guidance technique should be used to confirm injection into the 
three specific muscle layers, no consensus exists. Most papers describe the use of 
ultrasound to identify the correct muscle bellies and guide the injection needle. 
EMG guidance has also been described [13, 21], but the most suitable technique has 

8 Botulinum Toxin A in Abdominal Wall Reconstruction



182

not been established. Ultrasound guidance seems to have the upper hand, probably 
due to its accessibility, low cost, and ease of use.

The same uncertainty is true for the ideal dose of BTA. Dosages ranging from 
100 to 500 units have been reported. Most studies achieved satisfactory relaxation 
with 300–500 units. In two studies, 100 units were administered, but with conflict-
ing results [30]. In their series, Rodriguez-Acevedo et al. showed no statistically 
significant difference in muscle elongation between patients who had been injected 
with 200 versus 300 units of BTA [23].

 Our Rationale and Method

For us, BTA administration is not a single means to treat an incisional hernia, but 
rather a tool in a wider armamentarium. It is an adjunct to increase the effectiveness 
of already established techniques. In our algorithm, patients presenting with a her-
nia wider than 18 cm are eligible for BTA administration. Below this range, stan-
dard surgical component separation usually suffices. When a substantial loss of 
domain is present (VIH/VAC ratio >20%), PPP is added to the equation [31]. 

For the moment, no consensus exists on the method or timing of administration, 
the guidance technique, the number of BTA units to be used, the solution agent, the 
timing of surgery, etc. Below, we describe our preferred method, which was adapted 
from Zielinski et al. [15]

Administration of botulinum toxin A (BTA) is done in an ambulatory setting, 
approximately 28–42 days before surgery. In collaboration with a dedicated radiolo-
gist, the injection is done by ultrasound guidance. The patient is placed in the lateral 
decubitus position, and three injection sites are identified around the midaxillary 
line, between the subcostal margin and the iliac crest (Fig. 8.6). The procedure is 
then repeated on the other side of the abdomen.

Three hundred  units of BTA in total (Botox, Allergan, Dublin, Ireland) are 
diluted in 150 ml of 0.9% saline. Using ultrasound guidance, the three lateral mus-
cle bellies (transversus abdominis, internal oblique, and external oblique) are distin-
guished, and approximately 8.3  ml is injected into each muscle (Fig.  8.7). This 
process is then mimicked for all six injection sites.

Patients are educated about the progressive feeling of abdominal distension and 
a weaker cough and sneeze. These symptoms are always self-limiting.

14 to 28 days before the planned surgery, a clinical examination and repeat CT 
scan are performed, to evaluate the elongation of the lateral muscle complex and 
whether or not secondary measures (progressive pneumoperitoneum) are to be 
taken to improve the estimated chance of anterior fascial closure.

The surgery is started with dissection of the hernia sac, keeping as much of this 
tissue as possible. A standard retromuscular dissection is performed, and the medial 
gain is evaluated (i.e., can the midline be approximated). If not sufficient, and 
depending on hernia width and localization, either an anterior or posterior compo-
nent separation is carried out.
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 Conclusion

In the last decade, there has been an increased interest for BTA in the field of hernia 
repair. Although the amount of scientific data is low, reports that have been pub-
lished show promising results. BTA injection into the lateral abdominal muscle 

Fig. 8.6 BTA application by ultrasound guidance in ambulatory setting. (From article: Zendejas 
et al. [22]. ©Société Internationale de Chirurgie 2013 – Reproduced with permission from World 
Journal of Surgery)

Fig. 8.7 Ultrasound with identification of lateral muscles [1], external oblique [2], internal oblique 
[3], transversus abdominis, in (a) an ideal image (b) fibrotic changes in the abdominal wall making 
identification of the different muscle bellies unreliable
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complex flattens and elongates these muscles. In this way, transverse hernia defect 
width decreases and the abdominal capacity increases. With no serious adverse 
events reported, it is a minimally invasive procedure with a potentially large gain. 
Many questions still need to be answered however. No consensus exists on the 
method of application and whether ultrasound guidance or EMG-controlled injec-
tion is superior. The exact needed dosage is unknown, just as the ideal waiting 
period before proceeding to surgery.

We feel that when considering progressive pneumoperitoneum for giant inci-
sional hernias, BTA administration should always be added to the mix. However, 
the combination of these interventions is not mandatory but rather complementary. 
The single identifiable role of these components in complex hernia surgery remains 
to be established.

Nevertheless, BTA administration shows great promise in our field of work. As 
challenging surgeries become feasible with the adjunct of temporary muscle paraly-
sis, hopefully future data registries will solidify the role of botulinum toxin in 
abdominal wall reconstruction or even hernia prevention. And with the added effect 
of significantly reduced postoperative pain, this long-term comorbidity of hernia 
repair could possibly be prevented or maybe even treated.
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Chapter 9
Use of Botulinum Toxin 
A in Postmastectomy Breast 
Reconstruction

Allen Gabriel and G. Patrick Maxwell

Abstract Botulinum toxin A has been successfully used in a variety of areas to 
temporarily obliterate muscle mobility for either functional or aesthetic gain. Tissue 
expander-based breast reconstruction has been plagued with pain and discomfort. 
This chapter describes the use of botulinum toxin A in managing pain and discom-
fort in the breast reconstruction patients.

Keywords Breast reconstruction · Botox · Neurotoxin · Botulinum toxin A · Pain · 
Tissue expanders · Breast implants · Breast cancer

 Introduction

Implant-based breast reconstruction is the most frequently performed reconstructive 
technique following breast ablative surgery. Breast reconstruction with tissue 
expanders (two-stage) and direct to implant (DTI) offers patients satisfying aes-
thetic results with minimal donor site morbidity. Each year, the number of breast 
cancer survivors who choose postmastectomy breast reconstruction keeps rising, 
and a majority will choose expander/implant reconstruction [1]. Evolved over the 
past few decades into a highly successful and rewarding method of reconstruction, 
implant-based breast reconstruction is a precise and demanding method.

Postmastectomy reconstruction with a tissue expander and implant can involve a 
staged approach. The first stage consists of the placement of a tissue expander deep 
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to the pectoralis major muscle or into the prepectoral space. This may be done 
immediately following the mastectomy or as a delayed procedure. The purpose of 
the expander is to create a soft and precise pocket to contain the permanent implant. 
The expander during immediate reconstruction is not for expansion purposes but 
rather a pocket-creating device (PCD). This is followed by a period of weekly tissue 
expansions that can sometimes last months depending on the patient. In the second 
stage, the tissue expander is removed in a surgical procedure and replaced with a 
permanent breast implant. Despite the well-recognized advantages of this success-
ful breast reconstruction technique, the subpectoral placement of a tissue expander 
is associated with significant pain and discomfort in the immediate postoperative 
period and during the phase of tissue expansion. Pectoralis major muscle spasm is a 
frequently reported problem during tissue expansion and in certain instances has led 
to premature removal of expanders [2]. Legeby et  al. showed that women who 
underwent prosthetic breast reconstruction had higher pain scores and took more 
analgesics than those who did not choose postmastectomy reconstruction [3]. 
Therefore, numerous methods and technical variations have been attempted to 
decrease pain associated with subpectoral placement of tissue expanders and 
implants, all with questionable success [4–9].

Botulinum toxin A is a neurotoxin approved for the treatment of several condi-
tions including wrinkles, strabismus, headaches, and cervical dystonia. In the past 
decade, the use of botulinum toxin A for pain relief in a wide array of clinical condi-
tions has been reported. Botulinum toxin A is a neurotoxin produced by Clostridium 
botulinum bacteria and modulates the release of neuropeptides such as substance P 
and calcitonin gene-related protein and inhibits neurogenic inflammation, which 
likely underlies its independent antinociceptive effect [10]. In particular, the sensory 
function of substance P is thought to be related to the transmission of pain informa-
tion into the central nervous system. The analgesic action of botulinum toxin A was 
initially thought to be related to its effects on muscular contraction but has since 
been supplanted by in vitro studies of the inhibition of substance P by botulinum 
toxin A in embryonic rat dorsal neurons [11]. The presence of analgesic properties 
of botulinum toxin A is increasingly supported by several clinical observations: pain 
relief with botulinum toxin A injections has been reported for migraine headaches 
[12], chronic pelvic pain [13], chronic tennis elbow [14], and postoperative pain 
control for painful joint arthroplasty [15], among others. Furthermore, botulinum 
toxin A has been used to treat various painful muscle spasms, such as paravertebral 
muscle spasm [16], fibromyalgia-myofascial pain [17], and temporomandibular 
joint pain [18]. The profound number of biological and clinical applications of botu-
linum toxin A is exhibited in the literature today.

The antinociceptive action of botulinum toxin A in breast cancer survivors who 
elect to pursue breast reconstruction with tissue expanders and implants is not fully 
utilized. Layeequee et al. reported muscular infiltration of botulinum toxin by direct 
visualization for mastectomy, and tissue expander placement significantly reduced 
postoperative pain and discomfort without complications; interestingly, the neuro-
toxin group in this study used significantly less narcotic medication within 24 hours 
of administration [19]. Figus et  al. reported the effects of botulinum toxin A 
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injections on muscle spasms in women undergoing breast reconstruction with latis-
simus dorsi flaps and subpectoral implants [20]. Others have also demonstrated 
objectively some pain relief with the use of botulinum toxin into the pectoralis 
major muscle [21, 22]. All of these studies have used a dose range of 75–100 units 
per pectoralis major or latissimus dorsi muscle groups. In our study, we evaluated 
30 patients following mastectomies with immediate expander/ADM reconstruction 
and divided them into two groups [23]. The neurotoxin group (n = 15) received 
40 units of neurotoxin (botulinum toxin A, Allergan, Inc., Irvine, CA) into each 
pectoralis major muscle through four serial injections, and the placebo group 
(n = 15) received four serial injections of 0.9% NaCl. We found no significant dif-
ference between the two groups in terms of age, laterality, expander size, and com-
plications (p = 0.46–0.66). However, there was a significant difference between the 
two groups in the VAS (Visual Analog Scale) score demonstrating decreased pain in 
the neurotoxin group (p < 0.05). In addition, there was a significant increase in the 
volume of expansion per visit in the neurotoxin group as compared to the placebo 
group (p < 0.05). There was no significant difference in narcotic use in the first 
3 days after surgery; however, there was a significant decrease in use of narcotics 
from 7 to 45 days in the neurotoxin group (p < 0.05). There were no complications 
associated with the use of neurotoxin [23].

The early significant pain control with the neurotoxin, as documented by 
Layeeque et al., can be explained by the antinociceptive effect of the drug. Botulinum 
toxin A injections have an independent antinociceptive effect [24], in addition to the 
well-known anticholinergic effect (responsible for muscle-paralyzing action), 
which has been utilized to treat several syndromes associated with painful muscle 
spasms. This dual action was noted in cervical dystonia [25] and headache studies 
[26]. The antinociceptive effect is likely due to inhibition of neurogenic inflamma-
tion [10], which is mediated by CGRP and substance P and blockade of local gluta-
mate release that leads to local edema [27]. A recent systematic review summarized 
evidence from randomized clinical control trials that supports the antinociceptive 
effect of botulinum toxin A in osteoarticular pain including patients with tennis 
elbow, low back pain, temporomandibular joint pain, carpal tunnel syndrome, and 
plantar fasciitis [28].

 Discussion

Noninvasive aesthetic procedures are continuously on the rise, and every year there 
is an increase in uptake of botulinum toxin as one of the most popular procedures 
performed in the United States and perhaps the world. In addition to the well-known 
anticholinergic effect (responsible for muscle-relaxation action), there is also 
increasing evidence of the antinociceptive effect, likely due to inhibition of neuro-
genic inflammation [10], which is mediated by CGRP and substance P and blockade 
of local glutamate release that leads to local edema [27]. It is difficult to quantify the 
utilization of botulinum toxin for its therapeutic uses as currently there is no 
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tracking method of this modality and one may be surprised that the therapeutic uti-
lization may be as high as the aesthetic market growth.

In breast reconstruction, our study provides the evidence related to the efficacy 
of botulinum toxin A in the pectoralis major muscle for the improvement of pain 
and enhanced tissue expansion in patients undergoing immediate breast reconstruc-
tion [23]. This observation aligns well with previously observed efficacy of botuli-
num toxin A in reduction of pain in several disease processes. Several patients had 
a sustained pain relief and improved experience with tissue expansion after botuli-
num toxin A treatment. Pain relief was especially noticeable in the postoperative 
period after 3 days and up to day 45, with a significant difference in the amount of 
narcotics and muscle relaxants/anxiolytics necessary to provide adequate pain con-
trol. No data was collected beyond 45  days for pain control as all patients had 
already completed expansion and were no longer on narcotics. It is very intriguing 
that Layeequee et  al. showed significantly reduced postoperative pain within the 
24 hours of administration [19]. Even though not discussed, this clinical finding 
may be explained by the in vitro finding of the effect of substance P inhibition by 
botulinum toxin A in embryonic rat dorsal neurons [11].

It is also important to understand the anatomy of the muscle and ensure that the 
tail of the pectoralis major is injected followed by at least three other locations, for 
maximum effect [29] (Fig. 9.1).

By relaxing the muscle, and decreasing the pain associated with stretch of mus-
cle, more efficient expansions can be performed. With the advent of tabbed expand-
ers in early 2011, the need for injection of serratus anterior muscle was introduced 

Fig. 9.1 Intraoperative portrayal of proper injection into the pectoralis major muscle in a 55-year- 
old female with left breast cancer undergoing skin-sparing mastectomy. Botulinum toxin A is first 
injected into the tail of the pectoralis major muscle to maximally paralyze the muscle, where the 
nerve enters the muscle

A. Gabriel and G. P. Maxwell



191

to minimize the long-term discomfort when sutures are placed in the serratus ante-
rior fascia or muscle [23]. Of course, pain tolerance per patient varies, and as tissue 
expanders can be firm and uncomfortable when fully expanded, we believe that by 
relaxing the muscle, the discomfort of this area is minimized. Furthermore, a shorter 
span of time necessary to complete the expansion phase of breast reconstruction can 
shorten the entire reconstructive timeline, all the while providing maximal comfort 
for the patient.

For the past 20 years, implant-based breast reconstruction has been performed 
primarily with subpectoral implant placement via the dual-plane approach. The cov-
erage and support provided by the pectoralis major muscle has not only minimized 
implant-related complications but has mitigated the risk of capsular contracture and 
produced a more natural-looking breast. However, a concern with this approach is 
the risk of functional impairment of the pectoralis muscle and animation deformi-
ties, both of which are a direct consequence of muscle elevation [30]. The muscle 
discomfort can be at times controlled with neurotoxin injection into the tail of the 
pectoralis major muscle, but this is not a sustainable solution long term. Therefore, 
in the last 6 years, the trend has been to change the implant site to a prepectoral 
placement to help resolve some of these concerns [30].

Even though the pectoralis major muscle is not included in prepectoral recon-
struction, neurotoxin injection into serratus anterior and pectoralis major muscles 
should still be considered. This can be beneficial, since numerous tacking sutures 
are placed in these muscles. These tacking sutures can lead to severe muscle spasms 
in the postoperative period and sometimes until the expander is replaced with an 
implant. In addition, in the site where the axilla is violated, the injection of neuro-
toxin into the pectoralis major can help with postoperative discomfort.

Botulinum toxin A has not been approved by the US Food and Drug Administration 
for paralysis of pectoralis major muscle in breast reconstruction. Therefore, this 
constitutes an “off-label” use and should be considered only after a full understand-
ing of risks/benefits by the patients and care providers. In the systematic review of 
the literature, limited studies researching the effect of botulinum toxin A on pain 
during expander-based reconstruction have been published [19, 21]. Altieri et al. 
showed improved pain control starting at day 7 in the neurotoxin cohort, which is 
consistent with our findings, but the amount of botulinum toxin A was not specified 
[31]. Layeeque et al. also showed improved pain control in the neurotoxin group, 
but this was observed immediately at postoperative 1 with decreased narcotic use 
[19]. The same group described the safety of nipple-sparing mastectomy in 2011 
and revealed that all 293 patients received neurotoxin into the pectoralis major mus-
cle to reduce postoperative pain, decrease hospital stay, and facilitate expansion 
[32]. Our data does not support a decrease in hospital stay but rather supports 
decreased pain and ease of expansion. These investigators, much like our group, 
have incorporated neurotoxin injection into the reconstructive algorithm in all 
patients undergoing expander-based reconstruction.

The role of botulinum toxin is expanding every year in aesthetic and therapeutic 
markets. There are many benefits of its use that have been well described [11–18, 
23–26, 28].
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We believe that as more surgeons are innovative and understand the potential 
benefits of botulinum toxin, the more clinical applications will be identified. Even 
though many of these therapeutic treatments are “off label,” the use and advantages 
cannot be overlooked. Unfortunately, industry will not be able to obtain an “on- 
label” use of an existing FDA-approved product for every clinical scenario, given 
the stringent government study requirements for an on-label approval. It will be up 
to every physician to describe the potential benefit of its use and have the patient 
consent to the procedure. One example is the rapidly expanding use of botulinum 
toxin in management of large hernias [33].

Despite its simplicity, implant-based breast reconstruction requires integration of 
severable variables, the most important being careful postoperative management to 
minimize complications and maximize patient satisfaction and end result. 
Intramuscular injection of botulinum toxin A is a potential clinical tool for plastic 
surgeons to navigate successful postoperative management. The use of this neuro-
toxin can be utilized in both aesthetic and reconstructive procedures involving the 
pectoralis major muscle and can be further expanded in other areas of the body that 
require relaxation of muscle for pain control.
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Chapter 10
Botulinum Toxins for Treatment of Pain 
in Orthopedic Disorders

Christian Wong, Shahroo Etemad-Moghadam, and Bahman Jabbari

Abstract A considerable number of orthopedic disorders are accompanied by pain 
which can be a clinical challenge for clinicians and a major problem for patients. 
Botulinum neurotoxins (BoNTs) have been recently shown to possess analgesic 
effects leading to their extensive use in various situations, including pain control for 
orthopedic issues. This chapter presents information on BoNT treatment of five 
orthopedic disorders with available placebo-controlled studies. The recommenda-
tions of the Assessment Subcommittee of the American Academy of Neurology are 
applied to establish an evidence-based level of efficacy for these disorders that 
include chronic lateral epicondylitis, refractory pain following total knee arthro-
plasty, painful local arthritis, anterior knee pain related to vastus lateralis imbalance, 
and orthopedic contracture and/or pain release (French and Gronseth, Neurology 
71:1634–8, 2008; Gronseth and French, Neurology 71:1639–43, 2008).

According to the studies discussed in the following sections, an “A” level of 
evidence has been provided for chronic lateral epicondylitis, defining BoNT-A as 
being “effective” for this disorder. In painful local arthritis and issues related to 
orthopedic contracture and/or pain release including distraction osteogenesis and 
correction of scoliosis, the level of evidence is “B” demonstrating BoNT-A therapy 
to be “probably ineffective.” For refractory pain after total knee arthroplasty, ante-
rior knee pain related to vastus lateralis imbalance, and other problems related to 
orthopedic contracture and/or pain release, the level of evidence is determined as 
“C” or “possibly effective.” Some of the studies providing these levels of evidence 
are of class III and IV types, and the number of class I studies in a few of these 
disorders is limited. Further class I/II studies are required to support a definitive 
analgesic role of BoNTs in orthopedic disorders.
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 Introduction

Refractory pain associated with orthopedic disorders is a major problem for many 
individuals and has therefore led to the development of multiple studies attempting 
to provide accessible and simple management options for this issue. The efficacy of 
botulinum neurotoxin (BoNT) injection in relieving this type of pain has been a 
topic of interest in the past two decades. In this chapter, five such disorders with 
available blinded, placebo-controlled studies and case series will be discussed. 
These include chronic lateral epicondylitis, refractory pain following total knee 
arthroplasty, painful local arthritis, anterior knee pain related to vastus lateralis 
imbalance, and orthopedic contracture and/or pain release.

 Chronic Lateral Epicondylitis (CLE)

Lateral epicondylitis (LE), also known as tennis elbow in athletes, is described as 
elbow pain resulting from overuse of the joint [1]. It is seen more often among 
heavy workers, and a prevalence of 4–7/1000 patients per year has been reported for 
this relatively common disorder [17, 43]. Degeneration of the extensor tendons is 
presently regarded as a responsible factor for the clinical symptoms of LE [30]; 
however, despite limited pathological evidence, the role of inflammation is still an 
ongoing discussion. The idea of tendinopathy and tendon degeneration is confirmed 
by studies using ultrasound for examination of the affected joints [11]. According to 
Smidt et  al. [40], 83% of acute LE patients return to normal within 12  months. 
Nevertheless, a minor percentage of individuals develop the chronic form (CLE) 
and unfortunately do not respond to drugs. Management of these chronic types 
involves abstaining from applying heavy load to the damaged elbow, bracing, physi-
cal therapy, pharmacotherapy, and surgery. Cyclooxygenase inhibitors, nonsteroidal 
anti-inflammatory drugs, GABAergic analgesics (gabapentin and pregabalin), and, 
in more severe cases, opioids are commonly used medications in the management 
of CLE. Steroid and nonsteroid pharmaceutical substances are introduced into pain-
ful areas via injection.

A total of 141 randomized controlled trials (RCTs) were systematically reviewed 
by Krogh et al. [21] to compare the efficacy/safety of injection therapies in CLE 
patients. Seventeen RCTs using eight different treatments including corticosteroids, 
BoNTs, autologous blood, platelet-rich plasma (PRP), hyaluronic acid, prolother-
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apy, polidocanol, and glycosaminoglycan polysulfate were selected. Despite the 
reported efficacy of injection therapy, most of the evaluated studies demonstrated 
issues related to blinding of the patient and/or health-care provider, allocation con-
cealment, selective or attrition reporting, and company interest. These posed diffi-
culties in accurate and definitive interpretation of the data.

The results of a more recent meta-analysis [24] comparing BoNT therapy with 
nonsurgical methods reported data on 321 LE patients participating in six random-
ized trials. The results indicated significant pain reduction in subjects treated with 
BoNT-A in comparison to those receiving placebo. This toxin was less effective in 
the short term (2–4 weeks) when compared to corticosteroids but showed identical 
effects after 8 weeks. Grip strength decreased in the first 2–4 weeks after BoNT-A 
injections, which lasted for 8–12 weeks and was more conspicuous compared to 
that produced by corticosteroid administration.

 Botulinum Neurotoxin Studies in CLE

Of the eight reported RCTs in CLE, four were blinded, placebo-controlled trials, 
three were blinded comparator studies, and one was an experimental investigation 
on a series of patients.

 Placebo-Controlled Studies

In a double-blind, placebo-controlled study on the efficacy of BoNT-A therapy in 
CLE, Wong et al. [46] showed significant analgesic effects of abobotulinumtoxinA 
(aboA) in 49 women and 11 men with this condition. The primary outcome of injec-
tion was reported as “pain reduction.” A total of 60 U aboA diluted in 1 ml normal 
saline was used in this RCT. For both placebo (saline) and aboA, the injection point 
was directed toward the painful area, 1  cm from the lateral epicondyle, and the 
needle was inserted “deeply into the subcutaneous tissue and muscle.” Measurements 
were based on 0–100 mm visual analog scale (VAS) scores and demonstrated pain 
reduction on the 4th and 12th weeks of the study period. The 40.2 mm VAS score 
reduction in the toxin group compared to the 15.7 mm decrease in the placebo group 
was statistically significant. These findings were also replicated at 12 weeks where 
significant differences in mean VAS scores were found between the aboA (23.5 mm) 
and saline subjects (43.5 mm), in favor of BoNT. Grip strength was measured as a 
secondary outcome, and despite a slight decrease in both groups, it was not signifi-
cantly different between the test and control patients at any timepoint. The most 
common adverse effect was paralysis of finger extension, which occurred in four 
patients on week 4 of the study.

Hayton et al. [19], in another blinded and controlled trial, compared pain, quality 
of life, and hand grip, between aboA and placebo (saline), in 40 CLE patients unre-
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sponsive to steroids. These outcomes were measured with VAS scale, short-form 
SF12, and Jamar dynamometer, respectively. Assessments were made at baseline 
and 3 months after injection of 50 U aboA or saline. All injections were intramus-
cularly administered, 5 cm distal to the maximum point of tenderness at the lateral 
epicondyle, in line with the middle of the wrist. No differences in neither of the 
outcomes were reported between aboA and saline at 3 months.

Placzek et al. [33] conducted a double-blinded, placebo-controlled RCT in 16 
centers to evaluate the effectiveness of BoNT treatment in chronic tennis elbow. A 
total of 130 CLE subjects were injected with either 60 units aboA diluted in 0.9% 
saline or the same volume placebo (saline). Half the solution was administered 
intramuscularly, 3–4 cm distal from the tender epicondyle, and the other half was 
injected after partially pulling the needle out and applying a horizontal rotation. 
This method provided different depths of infiltration. VAS was used to determine 
the level of pain before injections (baseline) and at 2, 6, 12, and 18  weeks. 
Satisfaction of both patients and blinded clinicians was measured at the same time-
points using a global assessment score of 0–4, which indicated “substantially worse” 
to “substantially better” outcomes, respectively. Furthermore, finger extension 
strength of all patients was assessed through a vigorimeter. The results demon-
strated that aboA administration caused significant reduction of pain at all studied 
timepoints after injection (Table 10.1).

A randomized placebo-controlled study by Espandar et al. [14] aimed to assess 
BoNT efficacy in CLE patients using injection sites that were calculated by ana-
tomical measurements. A total of 48 patients with chronic refractory LE received 
either 60 units of aboA or the same volume normal saline. Based on a cadaver study 
[25], 33% of the arm length inferior to the lateral epicondyle was selected for injec-
tion. This area forms the point where the posterior interosseous nerve innervates 
the extensor carpi ulnaris and extensor digitorum. Pain intensity at rest was consid-
ered as the primary outcome (0–100 mm, VAS score), which was measured postin-
jection at 4, 8, and 16  weeks. Secondary outcomes consisted of pain intensity 
during maximum pinch and maximum handgrip in addition to grip strength (kg). 
The primary outcome decreased significantly in the aboA group in comparison to 

Table 10.1 Comparison of clinical pain scores between groups

Visit
Scorea

Botulinum Placebo p valueb

Injection 8.43 ± 0.24 (68) 8.55 ± 0.21 (62) 0.920
Week 2 5.24 ± 0.38 (68) 6.85 ± 0.35 (61) 0.003
Week 6 4.53 ± 0.37 (68) 5.69 ± 0.37 (61) 0.020
Week 12 3.76 ± 0.36 (68) 5.02 ± 0.41 (61) 0.023
Week 18 2.88 ± 0.35 (68) 4.29 ± 0.41 (57) 0.009

From Placzek et al. [33]. Printed with permission from the Journal of Bone and Joint Surgery
aThe values are given as the mean clinical pain score and the standard error of the mean with the 
number of patients in parentheses
bThe level of significance of the difference between the botulinum and placebo groups as assessed 
with the Mann–Whitney U test
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the control group at 4, 8, and 16 weeks with VAS scores of 14.1 mm, 11.5 mm, and 
12.6 mm, respectively (p = 0.01). Similarly, pain intensity during maximum pinch 
was  significantly lower in patients injected with BoNT-A than those receiving 
saline (p = 0.004). Grip strength during follow-up diminished in the aboA group 
compared to the controls, but the difference was not significant in between-group 
comparisons. Weakness of finger extension interfering with functioning at work 
was reported in aboA patients at week 4 which resolved by the 8th week in one 
patient and the 16th week in the rest of the participants in the test group.

Ruiz et al. [36] studied the pain reduction and functional performance of 12 CLE 
patients after receiving injections of 10–30 U/muscle incobotulinumtoxinA (incoA). 
The toxin was diluted with 1 ml normal saline and administered into the extensor 
carpi ulnaris (20  U), extensor digiti minimi (10  U), extensor digitorum longus 
(30 U), and extensor carpi radialis brevis (20 U) muscles of all subjects. If more 
than one muscle was involved, injections were administered into each of the mus-
cles, but none of the patients received the maximum allowed dose of 80 U. In order 
to locate the muscles for injection, the participant was asked to perform specific 
movements while the epicondyle was palpated. Ultrasound was used to confirm the 
correct selection of the insertion point. Pain intensity based on VAS scores (0, best, 
to 10, worst) was significantly diminished from 6.9 ± 1.8 at baseline to 4.3 ± 2.6, 
4.0 ± 2.9, and 4.3 ± 3.9 after injections at the 1-, 3-, and 6-month timepoints, respec-
tively. Likewise, hand functionality evaluated by the QuickDASH scale (0, best, to 
100, worst) showed significant improvement from baseline (60.1 ± 20.9) to 1 month 
(47.6 ± 22.2), 3 months (44.5 ± 24.2), and 6 months (36.3 ± 32.3). Following injec-
tions, 87.5% of the patients were affected with third finger weakness, which disap-
peared after 45–90 days, but no adverse effects were reported at follow-up visits. 
Three patients required an additional dose of BoNT-A, and five subjects were 
required to undergo surgery due to insufficient recovery of normal functionality 
after toxin injection.

 Comparator Studies

In a small double-blind study by Lin et al. [23], pain (VAS), handgrip (dynamome-
try), and quality of life (World Health Organization’s brief questionnaire) were 
compared between patients receiving 50  units onabotulinumtoxinA (onaA) and 
those injected with 40 mg triamcinolone acetonide. The extensor carpi radialis bre-
vis near the common origin of the wrist and finger extensors of the affected elbow 
was selected as the site of injection for both substances, and assessments were made 
at baseline and weeks 4, 8, and 12. In a total of 19 affected elbows in 16 subjects, 
pain reduction was observed at week 4 in both groups, but the reduction was signifi-
cantly greater in patients injected with steroid (p = 0.02). The other two timepoints 
were also associated with pain improvement, but the difference between Botox and 
triamcinolone acetonide was not significant either at 8 or 12 weeks. Interestingly, 
the analgesic effect of BoNT-A increased with time, but the level of pain reduction 
decreased in the steroid group (p > 0.05). Grip strength showed mild decrease and 
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increase in the Botox and steroid groups, respectively, and demonstrated significant 
differences between the two groups at 4 and 8 weeks. There was no significant dif-
ference in quality of life between the groups, and no debilitating adverse effects 
were found in the participants.

Guo et al. [18] in a double-blind, randomized, active drug-controlled trial com-
pared the effect of low-dose onabotulinumtoxinA (20  units, 1  ml) and the com-
monly used steroid injection of triamcinolone acetonide (40 mg, 1 ml) in 26 patients 
with CLE.  Additionally, the antinociceptive impact of BoNT-A was compared 
between two different injection sites which included the most tender point of the 
common extensor muscles (Botox-Tend group) and 1 cm distal to the painful lateral 
epicondyle (Botox-Epic and Steroid groups). The primary outcome was intensity of 
pain measured by VAS before intervention and at 4, 8, 12, and 16 weeks after treat-
ment. The only significant difference in pain improvement among the three groups 
was found at week 4, in favor of steroid administration. All interventions were simi-
lar in VAS score reduction after 8, 12, and 16 weeks of injection. Secondary out-
comes including grip strength analyzed by dynamometry and functionality 
determined through the Patient-Rated Tennis Elbow Evaluation Questionnaire were 
significantly better for the steroid group at 4 weeks. However, no significant differ-
ences were observed at the other timepoints. Primary and secondary outcomes were 
worse when BoNT-A was administered to the tender points of the muscles (Botox- 
Tend group), compared to steroid injections at week 4 but not the other timepoints. 
These outcomes were not significantly different between Botox-Epic and steroid 
groups (4, 8, 12, and 16 weeks). No severe adverse events were reported, except that 
two patients in the Botox-Tend group had either extension lag or diminished strength 
of the middle finger, which were temporary. The authors concluded that low-dose 
BoNT-A and steroids injected into the lateral epicondyle both successfully decreased 
pain and improved upper limb function for at least 16 weeks.

In a double-blind randomized trial, Lee et al. [22] compared the analgesic impact 
of small and large doses of BoNT-A in CLE. Sixty patients with this condition were 
randomly assigned to receive a single dose of either a 10I U or 50I U BoNT-A 
(Meditox), diluted in 0.7 ml dextrose solution (30%) and 0.3 ml mepivacaine (2%). 
Injections were administered under ultrasound guidance in the common wrist exten-
sor tendon, using the peppering technique (Fig.  10.1). Outcome measures were 
assessed at baseline and every month for 6  months and included pain intensity 
(numeric rating scale from 0 to 10), grip strength (kg, dynamometer), and questions 
about weakness in the wrist or fingers. The results indicated significant pain reduc-
tion in both groups at all timepoints, which was significantly higher in patients 
receiving the high-dose treatment at all timepoints except months 5 and 6. However, 
“successful pain treatment” did not differ between the groups. This parameter was 
defined as more than, or equal to, 50% decrease in pain intensity scores at 6 months 
[change in numeric rating scale (%) = (pretreatment score – six-month post- treatment 
score/pretreatment score × 100)]. Similar results were obtained for grip strength, 
except that between-group differences were absent only at month 5. Motor weak-
ness was significantly more pronounced in the high-dose group but did not cause 
debilitation. In general, it was concluded that BoNT-A administered at high doses 
yields better results, compared to lower doses of this toxin.

BoNT studies in CLE are summarized in Table 10.2.
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 Comment

Table 10.2 categorizes BoNT studies in CLE, based on the level of evidence criteria 
described by the Assessment Subcommittee of the American Academy of Neurology 
[15, 16]. Accordingly, three class I and three class II studies using botulinumtoxinA 
and one class IV study utilizing incobotulinumtoxinA have all reported effective-
ness of BoNT-A. However, there was one class III study with onaA [19] who con-
tradicted these results and found BoNT to be ineffective against pain in CLE 
patients. Predicated on this information, it is safe to say that treatment of CLE with 
botulinumtoxinA meets level A evidence or in other words could be considered 
“effective” for treating CLE. The problem with the abovementioned class III study 
was the limited number of subjects selected for evaluation, and more importantly it 
only used one efficacy assessment at only one timepoint (3 months). Previous expe-
rience with the application of BoNT indicates that its effect is temporary and often 
disappears within 3 months. In the comparator study by Lin et al. [23], results were 
based on only 16 patients which is too small and may lead to type II statistical error. 
On the other hand, Gou et al. [18] evaluated the efficacy of BoNT with a larger 
number of subjects, reducing this type of error and leading to the conclusion that 
triamcinolone is as effective as botulinumtoxinA but without its side effects on 
finger function.

At present, favorable findings on BoNT injections used for the treatment of 
CLE exist in the literature, which are based on blinded studies. However, an 
important problem is that the favorable effects are accompanied by weakness in 
finger extension that develops after BoNT injection. To deal with this issue, larger 
blinded studies using different neurotoxins and methods are required so that 
patients can benefit from the positive outcomes of this toxin without enduring its 
negative effects.

Fig. 10.1 Schematic (left) and ultrasound image (right) demonstrating injection of botulinum 
toxin A into the common wrist extensor tendon. Arrowheads, needle; EP, epicondyle; J, joint; R, 
radius. (From [22], with permission from Oxford University Press)
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 Refractory Pain Following Total Knee Arthroplasty (TKA)

A significant source of chronic pain in adults is chronic, advanced osteoarthritis of 
the knee which responds poorly to medication. A successful modality for improving 
pain and quality of life in patients with this problem is total knee arthroplasty [29], 
which is very commonly performed in the USA, estimated as 500,000 cases annu-
ally. This number is proposed to have a sixfold increase by 2030, reaching 3.48 mil-
lion/year [39].

Table 10.2 Blinded studies of BoNT-A in chronic lateral epicondylitis

Study Class

# 
of 
pts Type Toxin

Dose 
(u)

PO at 
week(s) SO Results

Wong 
et al. 
[46]

II 60 DBPC AboA 60 VAS: 12 Handgrip p < 0.001 (VAS)

Hayton 
et al. 
[19]

III 40 DBPC AboA 50 VAS SF12, 
handgrip

NS

Placzek 
et al. 
[33]

I 130 DBPC AboA 60 VAS: 2, 6, 
12, 16

PPS p < 0.05 (VAS)
all weeks, PPS
p < 0.05

Espandar 
et al. 
[14]

II 48 DBPC AboA 60 VAS: 4, 8, 
16
MP, MG

p = 0.01 (VAS)
p = 0.04 (MP)

Lin et al. 
[23]

II 16 Comp OnaA and 
triamcinolone

50 VAS: 4, 8, 
12

p = 0.02 (VAS)
week 4 
triamcinolone
>onaA

Gou 
et al. 
(2017)

I 36 Comp OnaA (two 
sites) and 
triamcinolone

20 VAS: 4, 8, 
12, 16

handgrip, 
PTEE

p = 0.01 (VAS) 
and all SO at 
week 4 in favor 
of triamcinolone

Lee et al. 
[22]

I 60 Comp Meditox 
small and 
large doses

10 
and 
50

NRS, grip 
strength, 
weakness 
in wrist/
finger: 1, 
2, 3, 4, 5, 
and 
6 months

p < 0.05 (NRS) 
1, 2, 3, 4 months; 
p < 0.05 grip 
strength (kg) all 
times except 
month 5 all in 
favor of 50 U; 
p = 0.044 motor 
weakness more 
prevalent in 50 U

Study class according to definition of the Assessment Subcommittee of AAN [15, 16]
DBPC double blind, placebo controlled, AboA abobotulinumtoxinA, onaA onabotulinumtoxinA, 
PO primary outcome, SP secondary outcome, PPS patient and physician satisfaction scale (0–4), 
MP maximum pinch, MG maximum grip, ns not significant, PTEE Patient-Rated Tennis Elbow 
Questionnaire, NRS numeric rating scale
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Unfortunately, the procedure is not always satisfactory for the patients, and 
almost a quarter of them complain of various issues after treatment [2]. Furthermore, 
an additional 7–44% continue to have persistent pain following the procedure [4, 
47]. The mechanism of TKA-related pain depends on the active contribution of 
known pain transmitters. In contrast to normal joints, elevated levels of substance P 
have been demonstrated in the joint fluid of patients with chronic osteoarthritis who 
have been subjected to TKA [35]. Considering that the chronic pain which develops 
after this treatment is resistant to drug therapy, novel treatment strategies are clearly 
welcome in this area of pain medicine.

Singh et  al. [39] conducted a randomized, double-blind, placebo-controlled 
study to evaluate the efficiency of intra-articular (IA) injection of onaA, in relieving 
TKA-induced pain. The 54 patients enrolled in this study were mostly male (84%) 
with a mean age of 67 years and had undergone complete arthroplasty of the knee. 
Their mean TKA-related pain duration was 4.5 years, which exceeded 6 months and 
was moderate or severe (>6 on 0–10 VAS). For the BoNT injections, 100 units of 
onaA was reconstituted in 5 ml of 0.9% saline without preservative and injected 
IA. The primary outcome was the proportion of patients who experienced a reduc-
tion of two or more points of the numerical VAS scale (0–10), which was compared 
between the BoNT and placebo groups at 2 months. VAS and Western Ontario and 
McMaster Universities (WOMAC) Osteoarthritis Index physical function were 
assessed at baseline and at 2, 3, and 4 months. The patient and physician’s global 
impression of change were also determined at the same timepoints.

The proportion of patients who reported VAS-based pain reduction was signifi-
cantly larger in the group who received onaA (71%) compared to the saline group 
(35%), at the 2-month timepoint (p = 0.028). A significant difference in duration of 
meaningful pain relief was found between the onaA and placebo groups recorded as 
39.6 ± 50.4 days and 15.7 ± 22.6 days, respectively (p = 0.045). Similar significant 
differences in favor of onaA was reported in physician global assessment of change 
(p = 0.003), Short-Form 36 pain subscale score (p = 0.049), the physical function 
subscale (p = 0.026), stiffness subscale (p = 0.004), and total scores (p = 0.024) of 
WOMAC Osteoarthritis Index at all timepoints. There were no serious treatment- 
associated adverse events in the onaA group. Local pain due to injection and mild 
temporary weakness around the joint was observed in some of the participants, but 
they were not significantly different between the two groups.

One of the major challenges in the discipline of pain medicine is postsurgical 
pain. Due to its numerous attributes, BoNT therapy has emerged as a successful 
option for a heterogeneous group of conditions related to postsurgical pain such as 
that arising from mastectomy, hemorrhoidectomy, cholecystectomy, hernia repair, 
and post-adductor release surgery in children with cerebral palsy. Its mechanism of 
action is multifaceted, and elements like local accumulation of pain transmitters, 
damage to terminal nerve endings, local inflammation, etc., may be responsible for 
or play a role in its clinical effects.
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 Comment

The RCT by Singh et al. [39] can be categorized as a class II study with level C 
evidence, indicating that BoNT treatment for TKA-induced pain could be “possibly 
effective,” based on the criteria and guidelines of the American Academy of 
Neurology’s Subcommittee on Assessment of the efficacy of randomized clinical 
trials [15, 16]. Further high-quality (classes I and II) studies are suggested to con-
firm these encouraging results and help provide a better understanding of the role of 
BoNT treatment in the refractory pain associated with TKA.

 Painful Local Arthritis

Arthritis is regarded as one of the most common debilitating health conditions 
worldwide. It can involve a variety of joints including the knee, which afflicts 
46 million people in the USA.

In a recent review, Cheng et  al. [10] reported data gathered from systematic 
reviews and clinical trials pertaining to the efficacy of IA administration of different 
agents for the treatment of arthritic knee pain. Accordingly, steroids and hyaluro-
nate both effectively reduced pain, but the pain relief obtained from hyaluronate 
lasted longer. Among steroids, triamcinolone hexacetonide demonstrated superior 
results compared to triamcinolone acetonide and was suggested as a good option for 
IA use. Other effective substances included tropisetron, a 5-HT3 receptor antago-
nist, and tanezumab, a monoclonal antibody against nerve growth factor, which 
were given a 2B+ efficacy level, similar to BoNT-A. A variety of IA radioisotopes 
have also been reported to be partially effective, but there is uncertainty regarding 
their long-term safety and efficiency.

Mahowald et al. [26] presented their 1-year clinical experience on onaA injection 
for the treatment of arthritis and arthritic pain in nine shoulders, three knees, and 
three ankles in 11 patients. All participants had a history of failed treatments involv-
ing intra-articular administration of steroids and/or viscosupplement agents. 
Shoulder and limb joints were injected with 50–100 units and 25–50 units of onaA, 
respectively. Comparing pain at baseline and time of maximum relief, a significant 
(p = 0.02) mean maximum reduction of 55% was found in limb joints. The decrease 
was even greater in shoulder joints reaching 72% (p < 0.001). Similarly, significant 
improvements in lower extremity function (36%) and shoulders (67% in flexion, 
42% in abduction) were reported at follow-up (p = 0.044, p = 0.001, and p = 0.01, 
respectively). Limb improvements occurred between 4 and 10 weeks postinjection. 
No significant adverse events were observed.

Castiglione et al. [8] conducted a prospective, open-label study of five patients 
with post-hemiplegic shoulder pain. OnaA (100 units), aboA (500 units), and incoA 
(100 units) were used to inject the glenohumeral painful joints in two, one, and two 
patients, respectively. At 2 and 8 weeks, VAS was used to determine the level of pain 
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at rest and pain during passive arm abduction. All subjects at both timepoints 
reported significant improvement of shoulder pain at rest (p = 0.001) and at arm 
abduction (p < 0.001). No difference in the level of pain relief was observed at 2 and 
8 weeks.

McAlindon et al. [28] conducted a phase 2, multicenter, double-blind, random-
ized, placebo-controlled parallel-group study on 158 patients with knee osteoarthri-
tis. Those with nociceptive pain, assessed through a painDETECT questionnaire 
(≤12), were enrolled. All subjects received IA injections under ultrasound guidance 
after aspiration of synovial fluid effusion (if present). The injections included onaA 
with doses of 400 U or 200 U or normal saline which were administered in a total 
volume of 2 ml to patients allocated in a 1:1:2 ratio. The duration of follow-up was 
24 weeks. On week 8, the “daily average numeric rating scale pain score,” measured 
over a 7-day period, was recorded for the study knee. The results showed a two- 
point decrease for all treatments which was maintained during the entire follow-up. 
However, there were no significant between-group differences for any of the injected 
substances. These findings were repeated for all secondary outcome measures 
including WOMAC physical function scores and the patient global impression of 
change (PGIC).

In a double-blind, randomized, placebo-controlled, 12-week study by Arendt- 
Nielsen et al. [3], efficacy of BoNT therapy was evaluated in painful osteoarthritis 
of the knee. A total of 121 patients with this condition were randomly injected with 
botulinumtoxinA (200 U, 2 ml) or placebo (2 ml, 0.9% saline) and followed for 
12 weeks. Injections were performed under ultrasound guidance. The test and con-
trol groups consisted of 61 and 60 subjects, respectively, and were further divided 
into nociceptive (n  =  68) and non-nociceptive (n  =  53) subgroups based on the 
painDETECT questionnaire. Outcomes were measured using quantitative sensory 
testing, WOMAC, average daily pain, and PGIC. No significant between-group dif-
ferences were demonstrated for mechanistic pain biomarkers. However, the noci-
ceptive subgroup demonstrated significant improvements in the above parameters.

 Comparator Studies

In a study by Boon et al. [7], 60 knee osteoarthritis patients, unresponsive to con-
ventional treatments and physical therapy, were recruited to compare different doses 
of onaA with steroids. All participants had a minimum VAS score of 6/10 and 
 functional impairment of the knee. Injections of onaA were administered with either 
low (100  units) or high (200  units) doses, and its efficacy was compared with 
40 units of methylprednisolone acetate. Evaluations were made at 8 and 26 weeks, 
and of the 60 participants, all competed the 8 weeks, while only 32 patients went 
through the entire study period. VAS-based pain reduction was considered as the 
primary outcome, which despite showing effectiveness for all three substances at 
week 8 reached significant levels only in the low-dose onaA group (p  =  0.01). 
Secondary outcomes included quality of life determined via Short-Form 36, 
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WOMAC Arthritis Index, patient global assessment using a three-question format, 
and a 40-meter timed walk. Statistically significant decreases in pain and stiffness 
subsets of the WOMAC Arthritis Index scores were found in all groups. Side effects 
consist of local swelling and pain at the site of injection, dry mouth, and balance 
problems which were mild and did not differ among the groups. However, local 
swelling and pain at the site of injection along with balance problems were more 
common in the high-dose onaA group (p > 0.05).

In a single (assessor) blind, prospective study, Sun et al. [42] recruited 75 patients 
with symptomatic ankle osteoarthritis to compare the safety/effectiveness of IA 
“onaA” and “hyaluronate plus rehabilitation exercise.” Single doses of BoNT-A 
(100 units) were administered to 38 subjects, while the rest received IA injections 
of hyaluronate along with physiotherapy for 30 min per session, three times a week 
for 1 month. The total score of the Ankle Osteoarthritis Scale (AOS) was regarded 
as the primary outcome of the study, and its endpoint assessment was 6 months. 
This patient-rated measure is based on two nine-item pain and disability subscales 
resulting in a final score of 0–10, denoting “none” to “worst” pain or disability. 
Several secondary outcomes were considered, and those related purely to pain 
included VAS and global patient satisfaction, which were determined before injec-
tion (baseline) and at 2 weeks and 1, 3, and 6 months. A minimum decrease of 30% 
in pain score was defined as significant. For ankle joint injections, the needle was 
inserted 1 cm anterior to the distal medial malleolus and advanced posteriorly and 
slightly upward toward the middle of the ankle joint above the talus to deliver 
100 units of onaA or 2 ml sodium hyaluronate. In cases accompanied by effusion, 
aspirations were performed before injections. According to the measured pain sub-
set of AOS and VAS scores, all patients reported a significant reduction of ≥50%. In 
onaA subjects, VAS scores decreased from 4 at baseline to 1.8 on week 2, which 
continued to decline to 1.7 on the third month of the study. Pain alleviation was 
similar between the two groups with no significant differences. Similarly consider-
able improvement in the disability scores was observed in both groups, which even 
lasted for 6 months in a number of participants. None of the patients experienced 
any serious side effects.

Bao et  al. [5] in a single-center, placebo-controlled, single-blinded study ran-
domized 60 patients with knee osteoarthritis into three injection groups including 
saline (placebo), onaA, and hyaluronate. The articular cavity of the knee was located 
using color Doppler ultrasound, which positioned the injection point at the level of 
the suprapatellar bursa. A dose of 100 U onaA in 2.5 ml saline and the same volume 
placebo were used, while the hyaluronate group received injections once a week for 
5  weeks. Exercise therapy was administered in all groups, and outcomes were 
recorded at baseline and 4 and 8 weeks. WOMAC Index questionnaire score, VAS, 
and Medical Outcomes Study 36-Item Health Survey (SF-36) constituted the out-
come measures. In the group receiving onaA, WOMAC, VAS, and both physical 
and mental components of SF-36 improved significantly compared to both placebo 
and hyaluronate groups at 4 and 8 weeks.
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 Comment

Two blinded class I studies [3, 28], one small blinded class II trial [26], three blinded 
comparator studies, and a small open-label study showed conflicting results regard-
ing the efficacy of intra-articular injection of BonT-A in the treatment of arthritic 
joint pain. Two class I studies did not confirm the positive impact of BoNT, whereas 
one contradicted this finding and reported positive effects for this toxin [5]. Among 
the three comparator studies, one [7] had a considerable number of dropouts (30%) 
and reported a superior response to low dose compared to high doses of onaA, with-
out adequate justification. On account of the high amount of subject dropout, this 
study can best be defined as class III. Of the two other comparator studies, both 
were single-blinded. One showed similar effects between BoNT-A and the other 
intervention [42], while the other study [5] reported favorable effects of BoNT 
therapy.

Therefore, the level of evidence for BoNT efficacy in the treatment of painful 
arthritis (AAN guidelines [15, 16]) is B (probably ineffective) based on the avail-
ability of two class I studies. Further controlled studies are required to substantiate 
these negative claims – especially considering one positive class I study.

 Anterior Knee Pain Related to Vastus Lateralis Imbalance

A common complaint among the general population is anterior knee pain with a 
suggested incidence of 22/1000 individuals/year [6]. One of its major causes is 
patellofemoral syndrome, which is known as anterior knee pain that occurs mostly 
in young women, without any significant relevant pathology [32]. A probable source 
of anterior knee pain and the patellofemoral syndrome can be an imbalance of the 
vastus lateralis muscles [34].

Based on this probable source, a double-blind, placebo-controlled trial on 24 
patients with anterior knee pain was conducted by Singer et al. [38] to study the 
effectiveness of BoNT in pain relief. The vastus lateralis muscles randomly received 
4 ml aboA (500 units) or placebo (saline) in eight sites (0.5 ml/site) under electro-
myographic guidance (Fig. 10.2). The primary outcomes were measured at 3 months 
using Anterior Knee Pain Scale and VAS to assess improvements in “knee pain- 
related disability” and “activity-induced knee pain,” respectively. Significant 
improvement of the former was only found in patients injected with aboA. Similarly, 
“activity-induced knee pain” in the BoNT group showed clinically significant 
decreases in mean VAS for kneeling, stair walking, squatting, and level walking. In 
the placebo subjects, there was only a decline in stair walking, which was not statis-
tically significant. The authors concluded that aboA had a significant favorable 
impact on chronic anterior knee pain due to vastus lateralis imbalance.

Chen et al. [9] conducted an unblind, prospective, case-control study on the effi-
cacy of BoNT-A for the treatment of knee pain due to patellofemoral pain syn-

10 Botulinum Toxins for Treatment of Pain in Orthopedic Disorders



208

drome. Case selection consisted of patients affected with this syndrome in both 
knees, so that the contralateral knee could be used as control. OnaA (10 U/0.1 ml 
diluted in saline) was injected into the vastus lateralis muscle of the knee in 12 sub-
jects. The knee with the worse pain received BoNT-A under electromyographic 
guidance, and the control knee was left untreated. The dose was administered at one 
injection site, where the needle was inserted about 3–5 cm above the patella, on an 
oblique angle just lateral to the midline. Assessment involved changes in WOMAC 
score, which was evaluated at baseline and after 4, 8, and 12 weeks of onaA admin-
istrations to record pain, stiffness, and functional status of the knees. Additionally, 
muscle force was determined by an isokinetic dynamometer at the same timepoints. 
According to the WOMAC results obtained at 12  weeks, the BoNT-A-injected 
knees demonstrated a clinically significant reduction in mean pain (−1.8, p = 0.014) 
and function scores (−6.6, p = 0.029). Despite the decrease in stiffness scores, the 

Fig. 10.2 Dissection showing the distal branch of the femoral nerve to vastus lateralis (small 
arrows), with the iliotibial band (ITB) reflected posteriorly (upper panel). As illustrated in the 
lower panel, multiple injection sites, using EMG guidance, were employed to ensure spread of 
injectate within the distal VL muscle. VLA p, vastus lateralis aponeurosis of the knee joint capsule; 
RF, rectus femoris muscle; VM, vastus medialis; p, patella. (Original figure is reprinted from 
Singer et al. [48], which has been made available under Creative Commons Attribution License)
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difference on week 12 was not significant. The isokinetic test demonstrated a sig-
nificant reduction in flexion moment (12.1  Nm, p  =  0.041) but not in extension 
moment, after BoNT-A treatment. The control knee did not achieve significant 
changes in WOMAC scores but demonstrated an increased flexion moment as in the 
treated knee. The authors concluded that injection of onaA could improve anterior 
knee pain, function, and isokinetic torque caused by vastus lateralis imbalance.

 Comment

The abovementioned class II and III studies define a C level of evidence (possibly 
effective) for anterior knee pain with vastus lateralis imbalance (AAN assessment of 
evidence, [15, 16]).

 Orthopedic Contracture and/or Pain Release

Intramuscular injections of botulinum toxins are well-known options for the treat-
ment of spasticity. Spasticity is a complex issue and a common symptom observed 
in a variety of neurologic conditions like stroke, multiple sclerosis, brain/spinal cord 
injury, and cerebral palsy. Despite the fact that spasticity responds well to drug 
therapy, it can cause unwanted adverse events and has a short response period. One 
of the FDA-approved applications of BoNT is its intramuscular injections to treat 
spasticity. However, the efficacy of BoNT therapy in pain related to this issue is less 
determined, and evidence level is more unclear [20]. The practice of intramuscular 
injection using BoNT has led to the development of new areas and additional 
options for treatment of other orthopedic-related issues. Scientific studies are begin-
ning to evaluate the role of BoNT in treating these problems which include orthope-
dic contracture and/or pain release.

Smith et al. [41] investigated the efficacy of a single injection of onabotulinum-
toxinA for improving flexion contracture after total knee arthroplasty in a prospec-
tive, randomized, double-blinded, placebo-controlled trial. Patients with flexion 
contracture after total knee arthroplasty were randomized to receive either 100 units 
of onabotulinumtoxinA diluted in 2 ml saline (nine knees) or the same volume of 
0.9% saline (six knees). Injections were administered into the hamstrings, and all 
subjects were assessed at 1, 6, and 12 months. Extension significantly improved at 
all timepoints in both BoNT and control groups. Significant difference in extension 
between the two groups was noted 1 month postinjection in favor of BoNT-A. After 
a mixed model regression analysis, onaA also showed significant improvement 
compared to placebo on month 12 of the study period. Due to the fact that improve-
ments were encountered in both groups, the authors concluded that the significant 
difference between the BoNT and placebo groups was of limited clinical 
significance.
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Eibach et al. [12] presented a case report of a 47-year-old male with tetraplegia 
due to cerebral palsy. The patient required a total hip joint arthroplasty because of 
hip arthrosis. OnaA guided by CT fluoroscopy was injected preoperatively into hip 
flexor and adductor muscles (200 U in iliopsoas and 50 U bilateral in adductor mag-
nus). This was performed in order to minimize the risk of postoperative luxation. 
Seven days after treatment, the patient had a reduction in spasticity, I think preop-
eratively is correct flexion and adduction contracture and was pain-free. Santamato 
et al. [37] reported the application of BoNT-A in a 34-year-old woman with persis-
tent painful contracture in the adductor magnus muscle after total hip arthroplasty. 
OnaA (150 UM) was injected preoperatively into adductor magnus muscles of the 
hip under electromyographic guide. Seven days after treatment, the patient had a 
reduction in pain evaluated by VAS, and on day 20 Harris hip score and external 
rotation of the hip showed considerable improvement. The clinical effects were 
maintained at the 2-month follow-up. Both the abovementioned case studies 
reported no adverse events.

Eleopra et  al. [13] conducted a prospective, randomized double-blind multi-
center study to evaluate the effectiveness of intramuscular botulinumtoxinA injec-
tions in 46 patients with hip osteoarthritis. The rationale was to relieve pressure in 
the arthritic hip joint to improve pain and range of motion. AboA or saline was 
injected randomly into the adductor muscles of the affected arthritic hip joint. The 
total dose of abobotulinumtoxinA was 400 U in 2 ml of saline, with 250 U being 
injected in the adductor longus muscle and 150 U in the adductor magnus muscle 
under electromyographic guidance. The control group received the same volume of 
saline without the aboA. Evaluation was performed before injection and after 2, 4, 
and 12 weeks. After the fourth week, the BoNT-A group showed significant differ-
ences in pain level (VAS) and Harris hip scores compared to the controls and also in 
all timepoints compared to baseline (Fig. 10.3). Otherwise, there were no significant 
differences during follow-up neither in primary nor secondary outcome parameters 
such as Medical Research Council scale for muscle strength and Short Form scale 
(SF-36) scores. No adverse events were detected in either treatment groups. A pilot 
study by Marchini et al. [27] was conducted prior to the RCT by the same group 
[13], which included a series of 39 patients with the same treatment regime and 
scientific design, except for the fact that it was a longitudinal prospective series 
without a control group. Their results demonstrated a significant improvement in 
pain level evaluated by VAS and in Harris hip score after 2, 4, and 12 weeks and also 
in SF-36 scores after 4 and 12 weeks.

In a prospective randomized triple-blind, single-center study, Wong et al. [45] 
used intramuscular botulinumtoxinA injections for correction of neuromuscular 
scoliosis in 10 severely handicapped, tetraplegic children with cerebral palsy (gross 
motor function classification system 3–5). The randomization was based on a cross-
over design with two consecutive 6-month study periods. Radiologic examinations 
were performed before and 6 weeks after BoNT-A injections. OnaA (10 U/0, 1 ml) 
was administered in the iliopsoas, quadratus lumborum, and erector spinae muscles 
under ultrasound guidance using 100 U, 50 U, and 30 U, respectively. In the “con-
trol period,” the participants received the same volume of saline without the onaA 
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in the target muscles. Primary outcome parameter consisted of change in the radio-
logical parameter for scoliotic curve severity of Cobb’s angle, and no significant 
improvement was detected. Similarly, no clinical improvements were reported. The 
study was terminated at an interim analysis after the death of one patient. This 
occurred after two hand surgical procedures and several months after BoNT-A 
injection therapy termination. No other severe adverse events were detected. A fol-
low- up study was conducted by Wong et al. [44] on a consecutive series of nine 
adolescent patients with idiopathic scoliosis to investigate the possible role of spinal 
muscular forces/pulls in the induction of spinal deformity. A single ultrasound- 
guided injection of onaA (10 U/0, 1 ml) with a maximum dose of 100 U was admin-
istered to the psoas part of the iliopsoas muscle on the concave side of the lumbar 
spine. Radiological examination (Fig. 10.4) evaluating curve severity and rotation 
as a primary outcome parameter was carried out before and 6 weeks after injections. 
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Fig. 10.3 Harris hip score (upper) and visual analog scale (lower) before injection and 2, 4, and 
12 weeks after. Values are given as mean ± standard deviation and represent percentage of maxi-
mum score (100). PG, placebo group (n = 15); TG, treated group (n = 31); (*), significant differ-
ence with baseline; (0), significant difference with placebo group. (Original figure is reprinted 
from Eleopra et  al. [13], which has been made available under Creative Commons Attribution 
License)
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Significant, but not clinically meaningful, improvement was detected for curve 
severity of Cobb’s angle. However, no significant improvement was found for radio-
logical derotation evaluated ad modem Nash and Moe. Adverse events were not 
detected, except for temporary soreness at the injection site in two cases.

Park et al. [31] in a single-center, double-blind, randomized, placebo-controlled 
study examined the effects of botulinumtoxinA on clinical outcomes of femoral 
lengthening. Bilateral femoral distraction osteogenesis was performed on 44 
patients with familial short stature. OnabotulinumtoxinA (200 U) was administered 
intraoperatively into seven points of the quadriceps muscle, and an equal volume of 
sterile normal saline was injected in the other thigh. The patients were evaluated at 
4, 8, 12, 24, and 48 weeks. No improvement in range of motion of the hip or knee 
and also no difference in maximal thigh circumference or distraction-induced pain 
levels were observed.

Fig. 10.4 Radiographic image of scoliosis depicting the psoas major on the concave side of a 
thoracic scoliosis; the stronger thoracic muscles are marked with C and are located in the convex 
side of the scoliosis (left). Measurements of thoracic and lumbar Cobb’s angle and concave and 
convex rib vertebra angle (right). (Original figure is reprinted from Wong et al. [44], which has 
been made available under Creative Commons Attribution http://creativecommons.org/licenses/
by/4.0/, http://creativecommons.org/publicdomain/zero/1.0/)
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 Comment

Intramuscular injection therapy using BoNT for orthopedic contracture and/or pain 
release in relation to arthroplasty and joint arthritis has been evaluated in one class 
I [13] and four class IV studies. This defines a C level of evidence (possibly effec-
tive) for this indication (AAN assessment of evidence, [15, 16]). One class I study 
for femoral distraction osteogenesis and one class I and one class III study for sco-
liosis correction define a level B evidence considered as probably ineffective.

 Conclusion

The favorable findings of RCTs using BoNT therapy for orthopedic disorders dis-
cussed in the preceding chapter have set the stage for conducting additional con-
trolled studies in this essential area of orthopedic surgery. Most likely, with the 
advent of improved methods and administration of optimum dosage, BoNT injec-
tion has the potential to become a valuable option for treatment of refractory pain in 
orthopedic disorders.
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Chapter 11
Botulinum Toxin for Pediatric Patients, 
Who? For What? When?

Sanaz Attaripour Isfahani and Katharine Alter

Abstract It is unanimously accepted in medicine that children are not simply min-
iature adults and require specialized medical care. In children with chronic diseases, 
treatment strategies are often limited by this population’s vulnerability, capacity for 
understanding the disease/consequences of treatment, research procedures, and 
alternative options. Still, this vulnerability should not deprive them of a strong and 
specifically targeted research which may enhance outcomes and quality of life.

In this chapter, we review the existing knowledge on the treatment strategies 
involving botulinum toxin in the pediatric population. A major movement in medi-
cine in the past two decades has been the transition to less invasive therapeutics. 
Following this movement, in this chapter, our focus is on the indications of botuli-
num toxin that may supplement noninvasive and surgical procedures to improve 
outcomes. While the indications for the use of botulinum toxin in children are 
numerous, approvals from regulatory agencies remain fewer than in the adult popu-
lation. Ongoing research into the indications for botulinum toxin in children is 
likely to level this playing field.

Keywords Pediatrics · Botulinum toxin · Chemo-denervation · Growth and 
development · Cerebral palsy · Surgery · Rehabilitation

In 1981, Dr. Alan B. Scott used botulinum neurotoxin (hereafter BoNT) clinically 
in the human population for the first time. He concluded that BoNT is a safe and 
efficacious alternative for the surgical correction of the misaligned eyes in patients 
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with strabismus [1]. None of the 18 patients in the first cohort studied by him were 
in their childhood, but in 1989, he and his colleagues reported a case series consist-
ing of 356 pediatric patients with strabismus and reported that both the drug and the 
injection procedure were safe and effective in this age population [2].

Around 30 years have passed since the first FDA approval of a serotype A BoNT 
[3], onabotulinumtoxinA (brand name Botox®). The first FDA approval for the use 
of botulinum toxin was in 2016 when abobotulinumtoxinA (brand name Dysport®) 
was approved in pediatric patients 2–17 years of age for the treatment of lower limb 
spasticity. Its use is also approved in the treatment of cervical dystonia in patients 
older than 16 and strabismus and blepharospasm in patients 12 years of age and 
older [4]. In 2019, three additional FDA approvals for the treatment of pediatric 
spasticity (ages 2–17 years) were added including onabotulinumtoxinA and abob-
otulinumtoxinA for upper limb spasticity and onabotulinumtoxinA for lower limb 
spasticity [5, 6].

Although there are no FDA-approved uses of BoNT in very young children, the 
safety of use in children younger than 2 years has been studied [7]. In a cohort of 
patients with clubfoot in British Columbia Children’s Hospital, Canada, a total of 
239 patients and 361 feet were enrolled in the study and 523 injections of onabotu-
linumtoxinA were performed. A case of transverse myelitis was the only adverse 
event reported and toxin was not deemed to be a causal factor.

The risks of BoNT injections for children are not specifically different from the 
adult population. However, the Blackbox warning from the FDA contains an extra 
phrase about a higher risk of the spread of the toxin beyond treatment areas in chil-
dren treated for spasticity. This risk exists with therapeutic doses and even subthera-
peutic doses of the toxin. The list of the potential risks provided by the FDA may at 
first glance appear overwhelmingly long, but there is substantial evidence support-
ing a reasonable safety profile for use of botulinum toxin in the pediatric population 
in different clinical scenarios [8–10], which justifies its use in the suitable clinical 
context.

During childhood, development and growth are actively ongoing, and abnormal 
tone can adversely affect these processes. Therefore, the impact of toxin in early life 
is considered to be of paramount importance [11].

Koman et al. treated spasticity in cerebral palsy using BoNT injections, while the 
surgical orthopedic intervention was delayed until the children attained a more sta-
ble gait pattern (age 6–10) [12]. This delay allows for continued maturation and 
acquisition of milestones providing the patient’s treating team with additional 
opportunities to revise the treatment plan as the patient grows. The decreased tone 
with BoNT gives rise to greater muscle lengthening and improves the position and – 
as a result – the function until the surgery becomes a safer option.

Cerebral palsy is the most common cause of motor disorders in children with a 
prevalence of 2–3 per 1000 live births. It is the most frequently studied pediatric 
application of BoNT.
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In 2009, Heinen et al. [13] updated the 2006 European consensus on the use of 
botulinum toxin for children with CP. The consensus recommends the use of BoNT 
in combination with all other possible treatment modalities, including physical ther-
apy, constraint-induced movement therapy (CIMT), orthoses, casting, splinting, 
intrathecal baclofen, or other pharmacological and surgical interventions.

In 2013, Novak et al. published a systematic review on the best available inter-
vention evidence for children with cerebral palsy (CP). Of the outcomes assessed, 
16% (21 out of 131) were graded “do it” (green go), 58% (76 out of 131) “probably 
do it” (yellow measure), 20% (26 out of 131) “probably do not do it” (yellow mea-
sure), and 6% (8 out of 131) “do not do it” (red stop). Botulinum toxin injection was 
among the 15 green light interventions. BoNTs received a “green light recommen-
dation,” meaning it should be considered when appropriate [14].

BoNT in the realm of cerebral palsy has been studied from a variety of aspects: 
botulinum toxin’s potential as an intervention in addition to or as an alternative to 
serial casting, various surgical interventions, different rehabilitation techniques, 
selection of patients before surgery, and impact on pain management following sur-
gery. Its effects on function and various spasticity measures have been studied 
as well.

 Botulinum Toxin in Cerebral Palsy

 CP and Lower Limb Spasticity

Lower limb spasticity can limit ambulation, a crucial body function and one of the 
determinants of the degree of independence in patients with cerebral palsy. Abnormal 
gait patterns vary in severity and often change over time.
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In non-ambulatory patients, lower limb spasticity significantly interferes with 
positioning and caring for patients with cerebral palsy.

In 26 children with cerebral palsy and a dynamic contracture of lower limb mus-
cles interfering with positioning or walking, botulinum toxin A was injected into 
each affected muscle group. The range of dosages varied from 5 to 28 units per 
kilogram of body weight with the total dosages per patient ranging from 100 to 
440 units of toxin. The outcome was measured by repeated clinical examination and 
gait analysis. Ambulatory status significantly improved. In some cases, the benefits 
even persisted after the tone-reducing effects of the toxin had worn off. The authors 
did not detect any systemic side effects attributable to the administration of the 
toxin [15].

In a larger randomized placebo-controlled trial, 114 pediatric patients with cere-
bral palsy and equinus deformity secondary to increased gastrocnemius/soleus mus-
cle tone were assigned to two groups to receive injections of either BoNT or placebo. 
Patients in the BoNT group demonstrated improved gait function on observational 
gait analysis and range of motion of the ankle. No serious adverse events were 
reported [16].

In a head-to-head study of BoNT versus serial casting, the efficacy of botulinum 
toxin A injections was similar to serial fixed plaster casting in improving dynamic 
calf tightness in ambulant or partially ambulant children with cerebral palsy. Parents 
consistently favored botulinum toxin A and highlighted the inconvenience of serial 
casting [17].

In a 33-month longitudinal follow-up of a homogeneous group of patients with 
CP treated with BoNT, all patients exhibited progressive improvement in their gait 
pattern and none of them developed fixed contractures. No surgical correction was 
necessary, and no significant side effects were seen. All these patients had an equi-
nus gait resulting from calf muscle spasticity without other muscle group involve-
ment and all were treated with the same total dose (4 units/kg) at the same time 
interval (every 3 months) [18].
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In a study on patients with cerebral palsy and gait abnormality who were candi-
dates for muscle lengthening surgery, BoNT injection was performed preoperatively 
to evaluate for any deleterious effects of surgery on joint stability. BoNT temporar-
ily weakens the muscle and muscle weakening is a known side effect of muscle 
tendon lengthening. In this study, preoperative BoNT-A test injections in all mus-
cles considered for lengthening caused deleterious effects in 21% of patients. As a 
result, their lengthening surgery was canceled. In none of the rest of the patients 
after the surgery, gait function deteriorated. The percentage who showed deteriora-
tion of gait with BoNT injection was comparable with 18% who experienced nega-
tive outcome from the muscle lengthening surgery in a previous study which was 
used as a historical control. These data suggest that preoperative BoNT-A test injec-
tion can work reliably as a tool for predicting negative outcome after muscle length-
ening surgery in patients with CP and can be helpful to avoid this negative 
outcome [19].

Contrary to the progressive improvement of gait reported in the latter study, there 
are reports of secondary nonresponsiveness to BoNT injections after initial success.

In a report on 12 patients (mean age 6.8 years, range 3–14 years) who received 
toxin injections for adductor spasm or spastic pes equinus, the formation of neutral-
izing antibodies became a limitation for long-term use of BoNT-A. Five patients 
were treated with Botox® and seven with Dysport®. Initially, all patients were docu-
mented to have a minimum of two beneficial treatments, but later on, they failed to 
show any clinical response to two consecutive sets of injections. Neutralizing anti-
bodies were detected using a bioassay. Mean antibody titers were 8.7 mu/ml (range 
1.8–10). Secondary nonresponses occurred after an average of 6 treatment visits 
(range 4–11 visits) and a treatment duration of 19 months (range 10–33 months) [20].

There are conflicting conclusions on whether BoNT delays or reduces the num-
ber of orthopedic surgeries in children with CP.

In a retrospective review of 424 children with cerebral palsy, the prevalence of 
orthopedic surgical procedures at different ages (3–9 years) and the time to the first 
surgical procedure were measured. Patients were divided into groups of patients 
who were managed according to best-practice guidelines in orthopedics and patients 
who had received botulinum toxin type A injections. The progression to orthopedic 
surgery was significantly lower in the group who received BoNT injections [21]. 
These conclusions are contradicted by a smaller study from 2009. In this study, 
BoNT injections consistently improved the spasticity of the lower limbs and func-
tional outcome in CP patients, but the prevention of deformity did not seem to be 
part of the beneficial profile of the toxin [22].

In addition to clinical measurements, some other objective quantitative tools 
have been applied to assess the outcome of BoNT injections for the treatment of 
spasticity of lower limbs in cerebral palsy.

Energy expenditure measurement is proposed to be a tool for objective clinical 
evaluation of the functional outcome of some therapeutic interventions. BoNT-A 
injection into the gastrocnemius muscle was performed in 16 children with CP. In 
addition to reduced spasticity, improvement of ankle range of motion, and walking 
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pattern, energy consumption was also reduced, which was assumed to act as a sur-
rogate for functional improvement [23].

Real-time sonoelastography (RTS) was used in the medial gastrocnemius muscle 
after rehabilitation therapy with botulinum toxin type A injection in spastic CP, and 
it showed that intrinsic stiffness of the injected muscle decreases and this score was 
correlated with clinical evaluation of spasticity by the Modified Ashworth Scale 
[24]. In another study on changes in the deep tendon reflexes following BoNT injec-
tion, along with a reduction of Modified Ashworth Scale, the amplitude of com-
pound motor action potential was decreased at 2 weeks, Hoffmann reflex amplitude 
was decreased at 4  weeks, and tendon reflex amplitude was decreased at 2 and 
4 weeks. At 12 weeks, none of the neurophysiologic parameters differed from base-
line [25].

In a study using ultrasonography (US) to investigate the architectural changes in 
gastrocnemius muscles after BoNT-A injection in children with cerebral palsy and 
equinus, architectural changes in both the medial and lateral heads of the gastrocne-
mius muscles of 20 legs were assessed using B-mode, real-time US. It was demon-
strated that in addition to the significantly reduced spasticity at 1 and 3 months after 
injection, muscle architectural changes were induced by BoNT-A injection. The 
architectural changes were found to include reduced muscle thickness and fascicle 
angle of both heads of the muscle in neutral and resting ankle positions. The fascicle 
length of both the medial and lateral heads was significantly increased in a resting 
position but not in a neutral position [26].

Muscle histopathological changes following BoNT-A injection in treated medial 
gastrocnemius muscle of children with CP were studied and findings were com-
pared with the vastus lateralis muscle biopsy taken during orthopedic surgery. 
Neurogenic atrophy was seen in the medial gastrocnemius between 4 months and 
3 years post-BoNT-A injection. Type 1 fiber loss with type 2 fiber predominance 
was significantly related to the number of BoNT-A injections (r = 0.89, P < 0.001). 
The authors recommended considering rotating muscle selection or injection sites 
within the muscle or allowing a  longer time between injections to minimize the 
long-term negative impacts of the toxin on the muscle structure [27].

 CP and Hip Flexion Contracture and/or Deformity

In patients with cerebral palsy, hip flexion deformity secondary to iliopsoas spastic-
ity may interfere with gait, impair sitting balance, or contribute to hip subluxation 
or dislocation. Twenty-eight patients (53 hips) with cerebral palsy were treated with 
BoNT-A injections to ameliorate iliopsoas spasticity. Selective neuromuscular 
blockade of the iliacus or psoas muscles or both was performed under ultrasound 
guidance for needle placement and active electromyographic stimulation was used 
to verify the needle position adjacent to active myoneural interfaces. The use of this 
technique resulted in improved hip range of motion with a non-surgical, minimally 
invasive method. No adverse events or complications were observed [28]. In a 
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similar study, injecting BoNT to the iliopsoas muscles in 37 patients from 3 to 
15 years of age with spastic iliopsoas cerebral palsy resulted in clinical benefits in 
gait and motor development [29].

Progressive hip subluxation leading to hip dislocation is a common and serious 
problem in children with CP (with natural risk for hip dislocation in a total popula-
tion of children with CP being 15–30%). Retrospective chart review carried out on 
194 patients with cerebral palsy concerning radiographic findings showed compa-
rable effects of BoNT-A (Botox®) injection to soft-tissue surgery in this study. This 
finding suggests that toxin injection, if timely reinjected, may be an alternative to or 
replace soft-tissue surgery as a prophylactic procedure against progressive hip sub-
luxation or dislocation in children. Age at intervention, functional level, and initial 
MP (Reimers hip migration percentage) before therapeutic intervention are factors 
affecting the outcomes [30]. Targeted BoNT-A injections reduced pain in children 
with significant spasticity and pain at the hip level. It might have impacted the qual-
ity of life of non-ambulant children with CP and a hip problem as well [31].

To assess whether preoperative botulinum neurotoxin A (BoNT-A) affects pain 
after major hip surgery in children with bilateral CP, a randomized, placebo- 
controlled trial was carried out. The patients were 2–15 years old and were diag-
nosed with hypertonic CP and were awaiting bony hip surgery. They were 
randomized into either BoNT-A or placebo injections into the muscles of the hip on 
a single occasion immediately before surgery. The pediatric pain profile (PPP) was 
assessed at baseline and weekly for 6 weeks. Use of BoNT-A immediately before 
bony hip surgery to reduce postoperative pain in children with CP did not reduce 
postoperative pain, nor affected the postoperative quality of life [32].

 CP and Upper Limb Spasticity

Upper limb spasticity and dystonia often contribute to functional limitations in 
reaching, grasping, and related functional tasks.

 

11 Botulinum Toxin for Pediatric Patients, Who? For What? When?



224

 

Thirty children with spastic hemiplegia were randomly assigned to receive either 
a BTA injection plus occupational therapy or occupational therapy alone. In chil-
dren with at least moderate spasticity, BoNT injections improved the function of the 
upper extremity [33].

In another report of 32 children (1–18  years of age, average 6.9  years) with 
hemiplegic or quadriplegic cerebral palsy and spasticity, spasticity in the upper limb 
was measured using the Modified Ashworth Scale. Spasticity as measured by 
Ashworth scores for elbow and wrist extension decreased (P < 0.02) by 1 month 
after toxin injection, and the benefit continued for 3–4 months. Caregivers reported 
improvement in subjectively rated management, appearance, and function. Age had 
no significant relationship to benefits detected [34]. Improved manual function in 
children and adolescents with cerebral palsy has been demonstrated in several other 
studies with BoNT-A (Botox® and Dysport®) [35, 36] and botulinum toxin type B 
(Myobloc) [37].

 CP and Cervical Dystonia

Two patients with dystonic cerebral palsy were scheduled for cervical spine fixation 
for progressive cervical myelopathy and received high-dose BoNT-A for muscle 
relaxation before the surgery. They both had severe cervical dystonia and surgery 
was to halt the gradual progression of myelopathy-related weakness. Because of 
marked dystonic posturing of the neck, the treating physicians had concerns about 
the placement of halo fixation during the surgery and tolerance and efficacy of this 
device and integrity of the spinal fusion postoperatively during recovery. Chemo 
denervation with high-dose botulinum toxin A was deemed to be safe and effica-
cious in tolerating halo fixation and facilitated postoperative spinal fusion [38].

S. Attaripour Isfahani and K. Alter



225

 CP and Scoliosis

A group of patients (10 patients, aged 2–18 years) with scoliosis and cerebral palsy 
were injected with either NaCl or BTX in selected spine muscles under ultrasound 
guidance in 6-month intervals. The study design was a prospective, randomized 
triple-blinded crossover. Radiological parameters and clinical results were evalu-
ated. Due to a possible serious adverse event (pneumonia resulting in death in one 
patient), the study was terminated. No positive radiological or clinical effects were 
demonstrated by this treatment compared with Nalco injections, except for the par-
ent’s initial subjective but positive appraisal of the effect [39].

 CP and Sialorrhea

In 22 patients with cerebral palsy and significant sialorrhea, who were injected in 
either only the submandibular gland or the submandibular and parotid glands under 
ultrasound localization, BTX-A (Botox®) was found to be a potentially safe and 
promising, minimally invasive treatment [40].

In a controlled clinical trial, single-dose BoNT injections into the submandibular 
salivary glands were compared with scopolamine treatment. Forty-five school-aged 
children were included. Salivary flow rates from all major glands were obtained at 
baseline and compared with measurements during the interventions. Intraglandular 
BoNT injections were concluded to significantly reduce salivary flow rate in the 
majority of drooling CP children, demonstrating high response rates up to 24 weeks. 
Compared with baseline, the mean decrease in the submandibular flow of saliva was 
25% during scopolamine and 42% following BoNT injections [41].

Eight patients with cerebral palsy and severe drooling participated in a study 
where BoNT-A (Botox®) was injected into both submandibular and parotid glands. 
In addition to the severity of drooling, the morphologic change and the size of sali-
vary glands were measured before injection and 3 weeks after injection using com-
puted tomography of the neck. Statistically significant improvements were shown in 
the severity of drooling. Also, the size of the salivary glands was significantly 
decreased at 3 weeks after onabotulinum type A toxin injection. The decreased size 
of salivary glands may partially explain the mechanism underlying decreased drool-
ing [42].

In another study, BoNT-A (Botox®) injection of the salivary glands is frequently 
shown to be effective and safe for the treatment of drooling in patients with either 
spastic or dyskinetic CP, based on the objective measurement of saliva production 
and subjectively reported symptoms. No significant advantage of injecting both 
submandibular and parotid glands over injecting parotid glands alone is demon-
strated [43].
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In regards to BoNT-B, 3000 MU injection of Myobloc into the salivary glands of 
children with cerebral palsy significantly improved the frequency and severity of 
sialorrhea. Each parotid and submandibular gland received 375, 750, and 1250 
mouse units of the BoNT-B dose, respectively. Patients were randomized into three 
groups of low dose, medium dose, and high dose. The low-dose group received 
62.6  MU/kg. The medium-dose group received 130.5  MU/kg and the high-dose 
group received 231.1 MU/kg of BoNT-B. The lower dose did not provide adequate 
benefit, and the higher dose did not show greater benefit and caused more side 
effects [44]. The dose for Myobloc (BoNT-B) is recommended to be 250–1000 U 
into the submandibular and 400–1000 U into the parotid glands [45].

Repeated doses of BoNT-A may cause muscle atrophy and loss of contractile 
tissue in target muscles and also in nontarget muscles that are far from the injection 
site [46].

Salivary gland atrophy could potentially be useful by decreasing the amount of 
secretions over time, while the same effects of botulinum toxin represent a signifi-
cant problem in muscle [47].

In 2019, BoNT injections are frequently recommended than surgical procedures 
for the treatment of sialorrhea because of being less invasive and with fewer adverse 
effects compared with oral or topical anticholinergic medication. Still, adverse 
events have been reported. A case is reported by Yuan et al. where a patient with 
cerebral palsy developed serious acute sialadenitis and submandibular sialolithiasis 
after intraglandular botulinum neurotoxin injection for sialorrhea [48].

 CP and Pain

Pain happens in more than half of children with CP and is the main cause of reduced 
quality of life. Postoperative pain in children with spastic cerebral palsy (CP) is 
often attributed to muscle spasm.

In addition to its effect in reducing muscle contraction, BoNTs are reported to 
reduce pain associated with CP. BoNT has been shown to reduce pain, length of 
stay, and analgesic use when BoNT was injected before adductor lengthening ortho-
pedic surgery in patients with spastic CP. The authors proposed that these findings 
may have implications for the management of pain secondary to muscle spasm in 
other clinical settings [49].

Due to valid concerns about whether this patient population is adequately capa-
ble of communicating their level of pain, the authors proposed a new method of pain 
measurement. The method is based on the physiologic response to pain (r-FLACC) 
and increased muscle tone during passive joint movement [50].
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 Guidance Techniques

For anatomically correct application to the salivary glands, sonography is consid-
ered the standard procedure by most clinicians [51]. However, a Phase III clinical 
trial of incobotulinumtoxinA for sialorrhea in adults suggests that both sonography 
and anatomic guidance led to effective reductions in saliva production [52]. The full 
prescribing information on Myobloc® states that manual and ultrasound guidance 
are equally effective [53].

In cases of spasticity, for some time, the palpation of anatomical landmarks was 
assumed to be sufficiently accurate for precise injection into spastic muscles. But in 
a study by Chin et al, the accuracy of manual needle placement technique was com-
pared with electrical stimulation. Needle placement by palpation in children failed 
the targeted muscles in between 22% (gastrocnemius muscle) and 88% (tibialis 
posterior muscle) of injections [54].

Ultrasound techniques were recommended by Berweck et al. for visually con-
trolled, anatomically precise injection of botulinum toxins in spasticity secondary to 
cerebral palsy in the pediatric population as it is easy, quick, painless, and relatively 
widely accessible [55].

Botulinum toxin injection guided by electrical stimulation vs palpation and 
2 weeks of physiotherapy were compared in 65 children with spastic hemiplegic or 
diplegic cerebral palsy. Botulinum toxin injection guided by electrical stimulation 
plus physiotherapy was demonstrated to be the best in improving spasticity and 
functional performance in children with cerebral palsy [56].

In a systematic review of the available randomized controlled trials of BoNT for 
limb spasticity, trials from 1990 to 2016 were included. In the category of injection 
localization technique, they reported level 1 evidence for using ultrasound, electro-
myography, and electrostimulation being superior to manual needle placement [57].

Another systematic review of different injection guidance techniques explored 
the effectiveness of BoNT-A for the treatment of focal spasticity and dystonia. This 
review also demonstrated that instrumented guiding using ultrasonography, electri-
cal stimulation, and electromyogram is more effective than manual needle place-
ment for the treatment of spastic equinus in children with cerebral palsy. Three 
studies provided strong evidence (level 1) of similar effectiveness of US and ES for 
spastic equinus in children with cerebral palsy, but there was poor evidence or no 
available evidence for EMG or other instrumented techniques [58].

 Why Toxin Injection Was Stopped?

A review of medical records focusing on the clinical characteristics of 70 children 
with CP who had received at least one “BoNT-A” injection in an outpatient clinic 
for movement disorders, but who had stopped treatment at the time of evaluation, 
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determined their reasons for discontinuation: 11% did not need any further treat-
ment because of lasting functional benefits, 18% underwent elective orthopedic sur-
gery, 47% showed a secondary nonresponse (75% had developed neutralizing 
antibodies and 25% were antibody negative), and 8% reported side effects such as 
excessive local weakening or emotional stress due to repeated injections. 
Noncompliance was responsible for 10% of treatment discontinuation and nonmed-
ical reasons, e.g., relocation was reported in 6% [59].

 Adverse Effects of BoNT in CP

In an epidemiological study on the adverse drug reactions in children with CP, most 
events seemed to be linked to a systemic spread of BoNT-A. The most commonly 
reported adverse reactions were asthenia and fatigue, followed by dysphagia and 
aspiration. The study suggests a higher risk of adverse reactions in children who 
receive BoNT-A compared with adults [60]. Naidu et al. reported systemic adverse 
events following botulinum toxin A (BoNT-A) therapy in children with cerebral 
palsy. The authors report on the incidence of bladder and bowel incontinence and 
respiratory symptoms after BoNT-A injections (1980 episodes) in the lower limbs 
of 1147 children with various types of cerebral palsy. They found that the incidence 
of (serious) adverse events was low, with 16 episodes of incontinence of the bowel, 
representing about 1% of all injection episodes [61].

Three patients developed transient constipation after receiving therapeutic doses 
of BoNT-A to treat spasticity of the lower limbs (two patients) and the upper limbs 
(one patient). Constipation was observed within the first week after treatment [62].

In summary, the preponderance of the evidence indicates that BoNT injections in 
children with cerebral palsy is safe and effective in reducing spasticity and sialor-
rhea. Additional systematic studies are needed to determine:

• When BoNT therapy should begin
• The optimal treatment interval
• The optimal dose per condition/muscle
• Maximum recommended total dose
• Most effective guidance method(s)
• Efficacy of BoNT for other conditions
• If long-term use of BoNT in growing children has deleterious effects on muscle 

development [63]
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 Other Conditions with Spasticity

In addition to numerous applications of BoNT in spasticity secondary to cerebral 
palsy, it has been studied in spasticity secondary to other conditions like idiopathic 
toe walking, brachial plexus palsy due to obstetric complications, hereditary spastic 
paraplegia, and congenital muscular torticollis.

 Idiopathic Toe Walking

Idiopathic toe walking (ITW) or habitual toe walking is a diagnosis of exclusion.
A variety of treatment strategies such as physiotherapy, serial casting, and open 

or percutaneous lengthening of the Achilles tendon and even nontreatment have 
been proposed. In patients treated with Achilles tendon lengthening, only about 
one-third of patients were reported to achieve a normal gait and one-fourth had an 
unchanged walking pattern [64].

BoNT has been studied in isolation or in addition to other modalities for the 
treatment of ITW. A study on BoNT treatment of ITW was completed in a group of 
children aged 5–13 years. They underwent 3D gait analysis before treatment and 
then 3 weeks and 3, 6, and 12 months after treatment. A classification of toe walking 
severity was made before treatment and after 12 months. The parents also rated the 
perceived amount of toe walking prior to treatment and 6 and 12 months after treat-
ment. A total of 6 units/kg bodyweight of onabotulinum toxin A was injected in the 
calf muscles and an exercise program was also pursued. The gait analysis demon-
strated improvement of gait with decreased plantarflexion angle at initial contact 
and during swing phase and increased dorsiflexion angle during midstance at all 
posttreatment testing instances. In parents’ perception of toe walking, 3 out of 11 
children had ceased toe walking completely, 4 decreased toe walking, and 4 contin-
ued toe walking. The authors concluded that a single injection of BTX in combina-
tion with an exercise program can improve the walking pattern in children with ITW 
seen at gait analysis, but the obvious goal of ceasing toe walking only reached in 
less than half of patients [65]. In a randomized controlled trial carried out at the 
same institution, on a larger group of patients, 47 children were randomized to 
undergo 4 weeks of treatment with casts either as the sole intervention or casting 
after receiving injections of botulinum toxin A into the calves. 3D gait analysis and 
parent-rated questionnaires showed no differences in any outcome parameter 
between the groups before treatment or at 3 or 12 months after cast removal. Adding 
onabotulinum toxin A injections before cast treatment for idiopathic toe walking 
was not shown to improve the outcome of cast-only treatment [66].

To compare a combination of repeated BoNT and conservative treatment versus 
conservative treatment alone, children 2–9 years of age were randomized into the 
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conservative (14 patients) or BoNT group (16 patients). The conservative treatment 
included firm shoes, night splints, a home stretching program, and physiotherapy. 
The BoNT group had all the same conservative treatments in addition to calf muscle 
BoNT injections with repeated injections every 6 months if needed. Adding BoNT 
injections did not significantly enhance the goal to walk either flat foot or with heel 
strike at 24 months posttreatment in either evaluation by physiotherapist (blinded 
and unblinded) or parents. The most prominent improvement was noted during the 
first year of both therapies [67].

 Birth-Related Brachial Plexus Birth Injury

In neonates with brachial plexus birth injury, early life bony deformities and abnor-
mal active and passive range of motion will result in limitation of function. Several 
authors have reviewed the literature on the therapeutic role of botulinum toxin in the 
treatment of deformities and abnormalities of posture, tone, and function secondary 
to birth-related injuries of the brachial plexus [68, 69]. BoNT, specifically type A 
toxin, is shown to reduce contractures in internal rotation and adduction of the 
shoulder, flexion and extension of the elbow, and pronation of the forearm. This 
treatment should be started early on as the benefits are less prominent as patients 
age. The risks of treatment with toxin are deemed to be low.

A multicenter randomized controlled trial is designed to evaluate the effective-
ness of BoNT in the shoulder internal rotator muscles of 12-month-old babies in 
limiting the progression of posterior subluxation of the glenohumeral joint. The 
study also included a sham procedure. Deformity of the glenoid, range of motion of 
glenohumeral joint, and functionality of the upper limb in addition to the tolerability 
of the treatment are defined as secondary objectives of this study. MRI of the joint 
will be obtained to measure the deformity and clinical evaluations and clinical 
scores (Mini-Assisting Hand Assessment) will be used to assess the outcome [70].

 Hereditary Spastic Paraplegia

Muscle weakness in hereditary spastic paraplegia (HSP) remains relatively mild but 
spasticity of the lower limbs is progressive.

In adult patients who receive BoNT in different muscle groups, the outcome has 
been conflicting. In a group of adult patients with a diagnosis of HSP, BoNT-A 
(Dysport®, 500–750 MU) injections did not improve the motor function for HSP but 
fatigue improved [71]. Bilateral botulinum toxin A treatment and subsequent 
stretching of the hip adductors improved gait in a different group of adult patients 
with pure hereditary spastic paraplegia [72]. Data on the use of BoNT injections for 
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children with hereditary spastic paraplegia is limited. In a report on 12 pediatric 
patients with HSP, botulinum toxin A injection to lower limbs was concluded to 
provide prolonged functional improvement despite the progressive nature of the 
disease. The mean age of participants was 4.8 ± 2.5 years and they underwent up to 
6 sessions of BoNT-A injections to the hamstrings, adductors, and gastrocnemius 
muscles. Both muscle tone and motor function improved (P < 0.001). This effect 
was found to last for up to10 months [73].

 Congenital Muscular Torticollis

Congenital muscular torticollis (CMT) is the most common cause of torticollis in 
childhood. This condition is usually recognized and successfully treated in infancy, 
but it may present in late childhood or adulthood particularly if not treated. Treatment 
following early recognition seems to be crucial for the prevention of subsequent 
contractures and other complications [74]. Botulinum toxin type A is safe and effec-
tive in the treatment of children with congenital muscular torticollis (CMT) who fail 
to respond to physical therapy. In a retrospective case series of injection of BoNT-A 
for treatment of 27 children (6–18 months age) with congenital muscular torticollis 
who fail to improve with conservative management, BoNT-A was injected into their 
sternocleidomastoid or upper trapezius muscle, or both. Moreover, 74% had 
improved cervical rotation or head tilt after the injections. Only 7% experienced 
transient adverse events, mainly mild dysphagia and neck weakness [75]. In 
untreated or inadequately treated patients who are in their late childhood and adults, 
treatment can be tried as a clinical benefit might still be achievable [76].

In a recent retrospective analysis, 39 patients (average age of 14 months, ranging 
between 6.5 and 27.6 months) with CMT who failed to respond to conventional 
therapy who received BoNT treatment were identified. Almost half of them received 
multiple injections. Head tilt and range of motion of neck improved significantly 
(P < 0.001) and no patient required tendon lengthening surgery. No adverse effect 
was reported and caregivers reported satisfaction with the treatment [77].

Shortening of the sternocleidomastoid muscle (SCM) in congenital muscular tor-
ticollis is often secondary to muscle atrophy and interstitial fibrosis. Botulinum 
toxin type A with its antifibrotic effects regulates fibroblast and inhibits myofibro-
blast differentiation. This was studied in acquired muscular torticollis mimicking 
CMT in a rabbit model. Acquired muscular torticollis was induced by intra-SCM 
injection of anhydrous alcohol. Pre- and postinjection in vivo and in vitro studies 
showed that BoNT-A injection attenuated shortening and thickening of fibrotic 
SCM [78].
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 Urinary Dysfunction

 Neurogenic and Non-Neurogenic Bladder

Until 2002, the treatment of children with neurogenic bladder was limited to the use 
of anticholinergic drugs and serial intermittent catheterization. Surgery used to be 
considered as the next step. In patients who do not respond to conventional therapy 
and those who cannot tolerate medication side effects or have compliance issues, 
this strategy can be considered [79]. Schulte-Baukloh et  al. studied 17 children 
(average age of 10.8  years) with detrusor hyperreflexia urodynamically. Further, 
85–300 U of BoNT-A (Botox®) was injected into 30–40 sites in the detrusor muscle. 
Follow-up urodynamic studies 2–4  weeks after injection demonstrated improve-
ment in many of the measured indexes and increased maximal bladder capacity and 
detrusor compliance and decreased maximal detrusor pressure [80]. Not in line with 
the increased bladder compliance in this study, in another study on patients with 
meningomyelocele, bladder compliance remained poor. The authors conveyed if 
earlier treatment with BoNT may lead to an improvement in bladder compliance as 
well [81]. The mean age of patients in this study was 6.7 ± 5.3 years and mean blad-
der compliance was 7 ml/cmH2O. While in the previous study, average detrusor 
compliance was 20.39 (range 4.5–40) which was increased to 45.18 mL/cmH2O 
(range 5.3–100) (P < 0.01). Based on this comparison, it seems that the poorer base-
line compliance is a prognostic factor for posttreatment bladder compliance rather 
than the age of the participants. In another study with follow-up over 4 years, 21.7% 
of children with severe low-compliance bladders did not respond to treatment with 
BoNT-A, while the clinical outcome in the rest of the cohort was more favorable 
[82]. In keeping with this report, preoperative bladder compliance was significantly 
lower in nonresponders in 37 cases of neurogenic detrusor overactivity who under-
went BoNT-A intra-detrusor injection [83]. Another possibility for lack of improve-
ment in patients with myelomeningocele is that patients with meningomyelocele 
often have mixed upper and lower motor neuron pathology affecting bladder func-
tion rather than solely the upper motor neuron effects seen in other populations 
(cerebral palsy, acquired brain injury) [84].

In a retrospective review of records on 7 children with neurogenic detrusor over-
activity, patients were treated with 1–5 times intra-detrusor BoNT-A injections. The 
enrolled patients already failed to respond to timed bladder catheterizations and 
anticholinergic agents. With BoNT treatment, social continence was achieved from 
the first injection and no further recurrent lower UTIs occurred [85]. In another 
group of 7 children with neurogenic bladder secondary to spina bifida, BoNT-A 
injection improved urodynamics and clinical measures and effects lasted for about 
9 months. Interestingly, urodynamic measurements and subjective outcome did not 
show a clear correlation [86]. Similar results were reproduced in a group of patients 
with myelomeningocele as the pure etiology of the overactive bladder [87]. BoNT 
injection resulted in postponed or prevented surgical intervention in a study where 
20 pediatric patients with overactive bladder secondary to myelomeningocele were 
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enrolled and injected with 5  IU/kg (maximum 300  IU) of BoNT-A (Botox®) at 
10–30 sites [88]. Repeated intra-detrusor BoNT injection was found to be safe and 
effective in children with acquired neurogenic bladder [89].

Intravesical BoNT-A injection with a dosage of 12.5  IU/kg with a maximum 
dose of 200 IU did not cause any major systemic side effects. Six out of 21 patients 
had slight hematuria only for 2–3 days and the treatment was thought to be useful 
and safe in children with an idiopathic overactive drug-resistant bladder [90]. 
Injection of BoNT-A (Dysport®) showed promise in another cohort of patients with 
idiopathic detrusor overactivity. The recommended dose of Dysport® was 13–14 IU/
kg and a higher dose did not correlate with better clinical outcomes [91]. This was 
again observed in another study on fifty-three patients with a mean age of 8.5 years. 
While the clinical outcome was overall favorable, the poor urodynamic outcome 
resulted in only a 30% global success rate. The authors tried to find out prognostic 
factors and realized that patients with closed spinal dysraphism were significantly 
more likely to improve than patients with myelomeningocele (P = 0.002). The clini-
cal success rate showed a correlation with maximum urethral closure pressure [92].

Reinjection might become necessary in about 6 months [93]. If repetitive injec-
tions become necessary, patients will continue to benefit from this treatment [75]. 
Even in case of an increment of antitoxin antibody titer, it does not seem to be per-
manent. In a study on BoNT-A (Dysport®), no clinical resistance to treatment was 
detected despite the presence of anti-Dysport® antibody [76]. Repetitive injections 
into the detrusor in children who were treated with 10 IU/kg BoNT-A up to a maxi-
mum of 300 IU did not cause increased fibrosis in the detrusor. Biopsies were taken 
endoscopically from the posterolateral bladder wall above the ureteral orifice [94].

In a study on pediatric patients with meningomyelocele with concomitant detru-
sor overactivity and bowel dysfunction, injection of 10  IU/kg of BoNT-A under 
cystoscopic guidance into the detrusor muscle resulted in decreased vesicoureteral 
reflux grade in 11 patients and even bowel dysfunction improved in 10 out of the 15 
patients [95].

Detrusor injections of BoNT on postsynaptic muscular receptors in children and 
adolescents with neurogenic detrusor overactivity were studied in a group of patients 
who underwent bladder augmentation surgery because of neurogenic detrusor over-
activity. Seven patients who had previously received 1–8 (average 3.86) onabotu-
linumtoxinA detrusor injections, where their detrusor pressure could not be 
maintained at tolerable levels because of low-compliance bladder, were compared 
with three patients who never had received that therapy (controls). Receptor analy-
sis of muscarinic M2 and M3 and purinergic P2X1, P2X2, and P2X3 was performed 
on the bladder dome and nerve fiber density was analyzed. A downregulation of all 
examined receptors after BoNT-A injections was demonstrated. This downregula-
tion was thought to be the cause of decreased force in the urinary bladder which 
eventually leads to an increase in urinary residue [96].

The outcome of BoNT injection to either the detrusor or urethral sphincter is 
promising in non-neurogenic bladder overactivity as well [97–99].

Long-term follow-up data (average 45 months, range 20–71) on intra-sphincteric 
BoNT-A injection in 12 children with dysfunctional voiding (mean age 10.5 years, 
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range 4–19) showed significant improvement in voiding parameters in 8 of the 12 
children (67%). Three of four patients who failed to improve were reported to have 
neuropsychiatric problems. The authors  concluded that neuropsychiatric factors 
appear to have a negative impact on the success rate [100].

 Dysfunctional Voiding

In patients with refractory voiding dysfunction and frequent urinary tract infections, 
botulinum-A toxin at a dose of 50–100 U was injected transperineally into the pel-
vic floor or external sphincter or both in all patients. Out of 20 patients (12 girls and 
8 boys), nine reestablished a normal voiding curve and 8 showed improvement. 
Over the 9- to 14-month course of follow-up, the single injection provided lasting 
benefit. The authors concluded that toxin injection can break the circle of detrusor- 
sphincter dyssynergia and the period when it is sustained can be used for retraining 
the patient for normal voiding [101].

Intravesical electromotive BoNT-A administration (BoNTA-EMDA) in patients 
with myelomeningocele and neurogenic detrusor overactivity is a novel method of 
delivering the medication without a need for anesthesia or cystoscopy procedure. 
Results of a study on 24 patients demonstrated that BoNTA-EMDA with Dysport® 
is a feasible, safe, reproducible, cost-effective, long-lasting, and pain-free method 
on an outpatient basis, and effects are long term [102, 103]. The evidence is still 
controversial for use of this newer method as the results of the former study were 
not replicable in a second study on BoNT-EMDA [104].

 Constipation, Achalasia, and GI Dysmotility Syndromes

 Achalasia

Injection of botulinum toxin into the lower esophageal sphincter (LES) has been 
studied as an alternative to the established treatment for achalasia (esophageal pneu-
matic dilatation or surgical myotomy) in children [105]. Out of 26 patients, 19 ini-
tially responded to botulinum toxin and the effect lasted for 4.2 months ± 4.0 (SD). 
At the end of the study, three patients responded to repeat injections, three under-
went pneumatic dilatation, eight underwent surgery, three underwent pneumatic 
dilatation with subsequent surgery, and three awaited surgery. Botulinum toxin was 
effective initially and postponed the other more invasive interventions. As one-half 
of patients would need an additional procedure within 7 months of the first BoNT 
injection, BoNT was recommended as a reasonable alternative for pediatric achala-
sia patients who are poor candidates for either pneumatic dilatation or surgery 
[106]. In another group of patients, botulinum toxin produced a sustained response 
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beyond 6 months in less than half of 7 patients. The authors found an inverse rela-
tionship between the pretreatment pressure in the lower esophageal sphincter and 
the duration of response. The average time of response was 4  months (ranging 
between 1 and 14 months).

Clinical benefit from an intra-sphincteric BoNT injection in children with inter-
nal anal sphincter (IAS) achalasia was shown to be safe and effective in a retrospec-
tive review of medical records of 20 patients (8 male, mean 5.8 ± 4.2 years) with 
severe chronic constipation and IAS achalasia. Intra-sphincteric injections of botu-
linum toxin at a dose of 15–25 IU per quadrant (each patient received injection in 
four quadrants) were given. Patients were reassessed 4 weeks to 18 months after 
injection. Response to botulinum injection was rated excellent by the parents in 
60% and by the physician in 35% of children. The duration of response ranged from 
1 week to 18 months [107].

Six pediatric patients with cricopharyngeal achalasia who underwent cricopha-
ryngeal BoNT injection were retrospectively reviewed and a prospective parental 
telephone survey was also performed to assess improvement and satisfaction. The 
age range was 3 months to 10 years. The number of injections ranged from one to 
three per patient.

Symptoms in 4 children were treated with injections alone. Two children bene-
fited from injections but eventually needed myotomy. All parents were satisfied 
with the procedure. Only one child developed a transient worsening of aspira-
tion [108].

 Constipation

Following surgery for Hirschsprung disease, in some cases, anal myectomy of inter-
nal anal sphincter becomes necessary. This is to treat persistent constipation and 
obstructive symptoms secondary to the hypertonicity with nonrelaxation in the anal 
sphincter. Anal myotomy is at times ineffective or causes long-term incontinence. 
Intra-sphincteric BoNT injection was studied as an alternative for anal myotomy for 
these patients in a study on 18 children of 1–13 years of age. A total dose of 15–60 IU 
was injected into 4 quadrants of the sphincter. Repeated injection happened in 10 
patients (1–5 additional injections).

Patients who demonstrated to have clinical improvement had a decrease in 
sphincter pressure of 8, while in the nonresponders, the pressure decrease was only 
3. No major adverse effects were reported and only mild transient new encopresis 
after injection happened in 4 patients [109].

A retrospective review on 24 pediatric patients with intractable constipation 
showed significant improvement in constipation. Before the procedure, the patients 
were found to have either elevated internal anal sphincter (IAS) resting pressure or 
an absent or diminished rectoanal inhibitory reflex. They underwent 
OnabotulinumtoxinA (Botox®) injection into the IAS.
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Twelve patients demonstrated benefits lasting at least 6 months. Transient post-
operative incontinence was reported in five patients [110].

A double-blind randomized trial was carried out to compare BoNT injection with 
myectomy of the IAS for the treatment of chronic idiopathic constipation and soil-
ing in children. Forty-two patients who failed to respond to laxative treatment and 
anal dilatation for chronic idiopathic constipation (4–16 years old) underwent ano-
rectal manometry and anal endosonography and then randomized into the botuli-
num group (21 patients) and the myectomy group (21 patients). A validated 
symptom severity scoring system was used as the outcome (scores ranging from 0 
to 65). At the 3-month and 12-month follow-up, both groups showed lasting clinical 
improvement. There was no complication reported in either group. BoNT was 
deemed to be equally effective as myectomy of the IAS for chronic idiopathic con-
stipation and fecal incontinence in children. But as it is less invasive, its use is pre-
ferred over surgery [111].

The long-term outcomes of receiving BoNT therapy in children with a nonrelax-
ing IAS after surgically repaired Hirschsprung disease (HD) and IAS achalasia are 
reported in a retrospective review of 73 children (30 HD, 43 IAS achalasia). The 
mean follow-up term was 32.1 ± 2.9 months. Three-fourths of the children received 
multiple injections. Initial clinical improvement was seen in 90% of children after 
the first injection. Over one-half of children had an excellent or good outcome 
which was maintained for an average of 17 months from the time of the last BoNT 
injection. Ten percent developed transient fecal incontinence, and one patient devel-
oped significant pain after the injection. Initial short-term improvement after the 
first BoNT injection and having IAS achalasia rather than HD was shown to be 
predicting a favorable long-term clinical outcome [112].

The outcome of intra-sphincteric BoNT injections after the pull-through proce-
dure (removal of the entire aganglionic colon, with an end-to-end anastomosis of 
the normal colon to the low rectum) for Hirschsprung disease was studied using 
operative records in biopsy-proven HD patients at Karolinska Institute. Serial treat-
ment with BoNT was shown to improve the obstructive symptoms. A majority of 
patients need repeat injections; otherwise, laxatives or enemas will be required to 
manage the recurrent symptoms [113].

Prolonged chronic functional obstructive symptoms are common following suc-
cessful surgical treatment of Hirschsprung disease (HD) and occur in 50% of chil-
dren. Using neurostimulation-guided anal intra-sphincteric BoNT injections on 
postoperative obstructive symptoms in HD patients helps take the variability of the 
patient’s anatomy secondary to curative surgery into consideration [114].

Chronic anal fissures with painful defecation and bloodstained stools can be seen 
in children of all ages. Constipation is a preceding or concomitant symptom. 
Treatment with botulinum toxin in the external sphincter produces a quick and 
effective alleviation of pain with the healing of chronic anal fissures in children. The 
treatment is not considered to carry any risks but requires light anesthesia. 
Recurrences are common but additional injections will provide clinical benefit 
[115]. Khout and Kadi emphasized that long-term follow-up studies are necessary 
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to ensure the safety of this treatment and a need for blinded large-scaled randomized 
controlled studies to establish appropriate injection sites and dosages. They brought 
up a concern regarding the cost-effectiveness of botulinum toxin considering the 
need for repeat injections [116].

Complications associated with BoNT injection into the anal sphincters in chil-
dren with severe defecation disorders are described in a retrospective review of 
pediatric patients who received onabotulinumtoxinA (Botox®) into the anal sphinc-
ter. Complications were reported in 0.7% of 1332 injections. Complications included 
urinary incontinence (n = 5), pelvic muscle paresis (n = 2), perianal abscess (n = 1), 
pruritus ani (n = 1), and rectal prolapse (n = 1). Patient age, weight, and diagnosis 
were not associated with an increased rate of complication in our institutional expe-
rience. All complications were self-limited and did not require intervention. There 
were no episodes of systemic botulinum toxicity. Overall, Botox injection into the 
anal sphincters in children with Hirschsprung disease, severe functional constipa-
tion, and internal anal sphincter achalasia was thought to be safe based on this 
review. Recommendations on dosing could not be ascertained and further study was 
recommended [117]. Complications of BoNT use for GI conditions in children also 
include one death but there are other significant complications ranging from minor 
pain to rash, other allergic reactions, pneumothorax, bowel perforation, and signifi-
cant paralysis of tissues surrounding the injection site [118].

A group of children with chronic idiopathic constipation who failed to respond 
to medical treatment was randomized into a control group who received no injection 
and was only treated with stool softeners and a case group who received stool soft-
ener in addition to BoNT-A (Botox®) injection. Painful defecation reduced from 
88% of patients before BoNT injection to 15% after injection. While in the control 
group, it was reduced from 90% to 86% after medical treatment (P = 0.0001). Hard 
stool was reduced from 80% to 28% in the BoNT group and from 81% to 78% in 
the control group. Defecation intervals for more than 3 days and soiling were also 
significantly different between the two groups [119].

 Gastroparesis

Long-term clinical outcomes and predictive factors for endoscopic intra-pyloric 
botulinum injections (IPBIs) in children with gastroparesis refractory to medical 
therapy (mean age 9.98 ± 6.5 years; 23 female patients) were investigated in an 
open-label and retrospective study. IPBI failed in one-third of patients and was suc-
cessful in the rest. One-third of the patients received multiple IPBIs. Exacerbation 
of vomiting happened in one patient only, which was transient. Older patients and 
those presenting with vomiting responded to the first-time injection and male 
patients responded better to repeat IPBIs [120].

11 Botulinum Toxin for Pediatric Patients, Who? For What? When?



238

 Hyperhidrosis

Primary palmar hyperhidrosis in children and adolescents may be severe enough to 
affect school, social, and physical activities, causing emotional problems, stress in 
the patient’s life, and compromised quality of life. Nine patients with palmar hyper-
hidrosis underwent treatment with botulinum A. Before the session and in the 1-, 3-, 
6-, 9-, and 12-month post-session follow-ups, the patients were administered the 
Minor test, gravimetry, the Scales of Frequency and Severity, and the Questionnaire 
of Quality of Life. The mean age was 11 years, with seven girls and two boys. Each 
patient was administered at least one treatment of botulinum toxin in the palm of the 
hands (75–150 U for palm), with the mean number of sessions 2.2 (range 1–4). All 
sessions in the patients resulted in drying of the hands, with a mean duration of 
effect of 7  months. Botulinum toxin A controls excessive sweat in the palms of 
children and adolescents who have primary palmar hyperhidrosis, with an improve-
ment in the quality of life.

Use of BoNT injections in the treatment of primary palmar hyperhidrosis in chil-
dren with a disease that is severe enough to impact their quality of life is safe and 
effective and it should be considered before surgical interventions. This is based on 
the study on 9 patients (7 girls and 2 boys, mean age of 11) who received BoNT-A 
(75–150 U, 1–4 sessions) and were evaluated before and every 3 months after the 
treatment up to 1 year [121].

A review of 193 children with hyperhidrosis and physical, psychosocial, and 
consequence-related symptoms secondary to hyperhidrosis who received repetitive 
BoNT-A or BoNT-B injections were included. There were 176 out of 193 children 
who reported that their sweating disappeared completely and no severe adverse 
events occurred. BoNT-A or BoNT-B treatment for focal and multifocal hyperhi-
drosis in children with reduced quality of life is thought to be successful and safe 
based on this review [122].

 Conclusions

Botulinum toxins are recognized as an effective therapy and approved for a wide 
variety of conditions in the adult population. As the results of ongoing high-quality 
studies in pediatric patients become available, additional approvals will likely occur 
for currently available and newly approved BoNT products in the USA and 
worldwide.
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Chapter 12
Botulinum Toxin Treatment in Plastic 
Surgery

Marie E. Noland and Steven F. Morris

Abstract Injectable botulinum toxin type A is currently the leading plastic surgery 
procedure and its popularity continues to rise year after year. Botulinum toxin’s use 
within the field of plastic surgery is summarized in this chapter and will outline 
guidelines for its use on targeting specific rhytides of the face, modification of facial 
form, improvement of skin quality, scar management, and salivary gland 
hypertrophy.

Keywords Plastic surgery · Rhytides · Scars · Salivary gland hypertrophy · Facial 
aesthetics

Injectable botulinum toxin type A is currently the leading plastic surgery procedure 
and its popularity continues to rise year after year [1]. Its utility spans a broad range 
of cosmetic concerns beyond botulinum toxin’s dramatic benefit in the treatment of 
rhytides.

The first cosmetic use of botulinum toxin occurred serendipitously in 1987 by 
the Carruthers family. Dr. Jean Carruthers, an ophthalmologist, and Dr. Alastair 
Carruthers, a dermatologist, noted softening of patients’ frown lines while treating 
blepharospasm. They published their first clinical study of Botox (onabotulinum-
toxinA) for the treatment of glabellar lines in 1992 [2], and a decade later, it was 
approved by the Food and Drug Administration (FDA) for this limited indication. It 
was clear that onabotulinumtoxinA showed a distinct benefit in the treatment of 
glabellar lines and had no major adverse events. Since then, the FDA has expanded 
onabotulinumtoxinA’s indications to also include forehead and lateral canthal lines.

Techniques for injections are constantly evolving as more cosmetic indications 
become approved and newer neuromodulators come to market. Currently, there are 
four botulinum toxin type A products (Botox, Dysport, Xeomin, and Nuceiva) and 
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one type B (Myobloc) available in North America. These neuromodulator products 
generally function in the same way and differ mainly in their potencies and dilu-
tions. They can be used interchangeably depending on the practitioner’s preference. 
While Botox, Xeomin, and Nuceiva are considered to be equipotent, Dysport dos-
ing is generally believed to be 2.5 to one unit of Botox. Some studies demonstrate 
Myobloc’s efficacy in wrinkle reduction [3]; however, its dosing still needs to be 
determined. Current conversion theories consider 55 units of Myobloc to be approx-
imately equivalent to one unit of Botox [4].

Understanding the mechanism of action of botulinum toxin grants the practitio-
ner the ability to use the product beyond the official indications. Botulinum neuro-
toxin works locally by inhibiting acetylcholine transmission from nerves [5]. When 
injected into muscle, the toxin inhibits the release of acetylcholine at the neuromus-
cular junction, causing local paralysis. It has been shown to have a dose-dependent 
effect influenced by injection technique and the size of the muscle [6]. Accurate 
injections of small volumes of properly concentrated solution is preferred to target 
specific muscles [7]. Larger volumes favor drug dispersion and should be avoided in 
small muscles. The effects of botulinum neurotoxin are typically seen within 
3–10 days after the injection and last from 3 to 6 months.

Because aesthetic enhancement is not an exact science, the following guides 
should be used as a starting point. The techniques and doses should be tailored to 
the individual when determining a treatment plan. Unless otherwise specified, rec-
ommended needle size is 30 gauge, 1/2-inch length [8]. The injection needle should 
be changed regularly to minimize the risk of infection and increased discomfort 
caused by the use of a blunt needle.

Prior to injections, the skin should be assessed for any dermatologic pathology 
as injections through inflamed or irritated skin should be avoided [8]. Complications 
can be minimized by developing a deep understanding of the structure and function 
of the underlying facial anatomy.

Botulinum toxin’s use within the field of plastic surgery will be summarized 
below and will outline guidelines for its use on targeting specific rhytides of the 
face, modification of facial form, improvement of skin quality, scar management, 
and salivary gland hypertrophy.

 Rhytides

As demonstrated by Carruthers in 1987, intramuscular botulinum toxin injections 
result in temporary improvement in wrinkles by inhibiting the contraction of tar-
geted facial muscles. Thus, dynamic lines respond well to neuromodulators, while 
static lines related to old age, sun damage, and redundant skin are less responsive.

Dynamic rhytides are more easily appreciated in the upper third of the face, as 
influenced by the function of the frontalis, procerus, corrugator supercilii, and orbi-
cularis oculi. For this reason, the upper third of the face has often been the target of 
treatment with botulinum toxin type A [7]. Major muscles in the midface include 
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the nasalis, levator labii superioris alaeque nasi, and levator labii superioris. The 
lower third of the face includes the orbicularis oris, depressor anguli oris, and men-
talis muscle. Dosage recommendations are illustrated in Table 12.1. Static rhytides 
are common in this region and typically do not improve with botulinum treatment. 
In general, treatment of these areas can result in functional deficits and should be 
approached with caution [7].

Rhytides form perpendicular to the underlying muscle. Overactive muscles can 
be partially or entirely chemodenervated to achieve the desired aesthetic outcome. 
Although clinical trials emphasize the efficacy of botulinum toxin injections at 
maximum doses, the frozen look is no longer desired by most patients [2]. Physicians 
commonly tailor their dosing to suit the individual’s muscular strength, wrinkle pat-
tern, and asymmetries. As such, it is the physician’s responsibility to evaluate the 
patient at rest and with full movement prior to determining a treatment plan.

 Forehead Lines

The frontalis muscle is the only elevator muscle in the upper face [9]. It is respon-
sible for the development of horizontal lines in the forehead. Its function is to ele-
vate the medial and lateral eyebrows. The dosage and injection points for botulinum 
toxin use in this area depend on the desired aesthetic outcome. It is important to note 
that it will also have an effect on the positioning of the eyebrows. As the frontalis 
muscle is inactivated, the brows will naturally rest in a lower position. This effect 
can be both desirable and unwanted [2]. Injectors should be conservative in this 
region as the goal is to soften the forehead lines without causing brow ptosis and 
loss of expressiveness [2].

To assess the degree of muscle activity, the patient is asked to forcefully raise 
their eyebrows. Any discrepancies between the positioning of the brows are noted 
both at rest and during maximal contraction. If desired, small dose adjustments can 
be made between sides to adjust for asymmetries.

Injection sites should stay within the upper to middle third of the forehead to 
minimize the effects of brow ptosis. The needle should be introduced perpendicular 
to the skin and injected into the deep frontalis muscle. The injector can follow the 
creases of the forehead in 4–6 sites for a total of 2–20 onabotulinumtoxinA units [2] 

Table 12.1 Recommended 
onabotulinumtoxinA 
injections for rhytides

Indications Dose range No. of injections

Forehead 2–20 4–6
Glabella 20–30 5
Crow’s feet 4–10 2–3 per side
Lip lines 4–6 2–4 upper lip, 2 lower lip

12 Botulinum Toxin Treatment in Plastic Surgery



250

(Fig.12.1). Avoid injecting lateral to the lateral canthus as this can cause an undesir-
able brow shape.

To avoid depression of the eyebrows medially, the glabella should also be 
treated to avoid the unopposed pull of these depressor muscles. Overtreatment of 
the medial forehead can result in a “Spock” appearance of the brows which are 
unnaturally elevated laterally. This can be corrected or prevented with a small 
injection of botulinum toxin 2  cm above the orbital rim in line with the lateral 
limbus [8]. Keep injections 2 cm above the orbital rim to avoid inadvertent diffu-
sion into the levator palpebrae superioris muscle which could result in eyelid pto-
sis. If eyelid ptosis does occur, this can be temporarily treated by activating 
Muller’s muscle with 0.5% apraclonidine three times daily until the effects of the 
botulinum toxin wear off [8].

 Glabellar Lines

The glabella refers to the region between the eyebrows. It is the original cosmetic 
treatment site for botulinum toxin [2]. The muscles responsible for depression of 
the medial eyebrows when frowning are the corrugator supercilii, depressor 
supercilii, procerus, and orbicularis oculi. Repeated contraction of the corrugator 
muscles is what causes the two vertical creases, commonly referred to as the 
“11s.” Contraction of the procerus muscles pulls the brows downward, resulting 
in a horizontal crease [10]. This region was once considered an independent indi-

Fig. 12.1 Recommended injection points for the targeted treatment of forehead lines. A total of 
2–20 onabotulinumtoxinA units are delivered depending on the severity of the wrinkles and degree 
of paralysis desired
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cation but is now considered an important component of brow harmonization. The 
total dosage can be decreased significantly to allow for movement and expression 
as desired [2].

The glabella is assessed for the location, orientation, and severity of rhytides. 
The degree of muscle activity is determined by asking the patient to forcefully 
frown. Once again, the positioning and shape of the eyebrows is noted and any 
asymmetries are recorded.

The glabella typically involves five injection sites for a total of 20–30 units of 
onabotulinumtoxinA. The sites include one point into the procerus muscle, and two 
sites into each medial and lateral corrugator muscle [8] (Fig. 12.2). To guide the 
injection placement, the patient is asked to frown as the skin and muscle are gently 
pinched by the injector’s finger. The patient is then asked to relax and the injection 
is made deep into the muscle. The two lateral injection points can be made by insert-
ing the needle to one-third of its depth, just below the skin, while angling upward 
due to the lateral corrugator’s more superficial location [8].

If the glabellar region is treated without the frontalis, there may be unwanted 
medial elevation of the eyebrows from the unopposed pull of the forehead elevator 
muscle. Inadvertent diffusion of botulin toxin may result in eyelid ptosis if the injec-
tion sites are placed too laterally [8].

Fig. 12.2 Recommended injection points for the targeted treatment of glabellar lines. A total of 
20–30 onabotulinumtoxinA units are delivered across five injection points into the procerus and 
corrugator muscles
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 Crow’s Feet Lines

Lateral canthal lines, also referred to as crow’s feet, are one of the earliest signs of 
aging. As the skin changes with age and becomes more photodamaged, these 
dynamic lines can become static. They are caused by repeated contraction of the 
muscles involved in squinting and smiling. The muscle that has the most effect on 
these lines is the orbicularis oculi. Its function is to close the eyelid. As a conse-
quence, it also has a downward pull on the eyebrow. This area becomes less respon-
sive to botulinum toxin in older patients with static wrinkling.

The patient’s lateral canthal lines should be assessed both at rest and with active 
contraction. They should be asked to squint while smiling to determine the degree 
and extent of muscle activity. Note any asymmetries of the eyebrows.

The orbicularis oculi muscle is more superficial than most facial muscles. 
Injection of botulinum toxin should therefore be very superficial, just below the 
skin, producing a visible bleb [8]. These lines are typically treated with 2–3 injec-
tions sites of 2–4 onabotulinumtoxinA units into each horizontal rhytid (Fig. 12.3). 
Keep the injection sites 1 cm lateral to the orbital rim to avoid inadvertent diffusion 
into the palpebral portion of the orbicularis oculi or into the levator palpebrae mus-
cle. The patient’s eyes should be kept closed during the injection [2]. If no lifting of 
the lateral eyebrow is desired, then avoid injecting the superior-most lateral can-
thal line.

This area is prone to bruising due to its high vascularity. Keep pressure on the 
skin after injection and avoid injecting into visible superficial veins. Inadvertent 

Fig. 12.3 Recommended injection points for the targeted treatment of lateral canthal lines. A total 
of 2–5 onabotulinumtoxinA units are delivered intradermally across 2 injection points. Additionally, 
the superior-most injection point may be made to achieve a slight brow lift with 3–5 extra units
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injection into the zygomatic muscle can weaken a patient’s smile and result in 
asymmetries. Avoid chasing lateral canthal lines inferior to the zygoma to avoid this 
potential problem [2].

 Lip Lines

The main muscle found in the lips is the orbicularis oris [11]. It is a circular muscle 
surrounding the oral aperture and it acts as a sphincter to close the lips and keep 
food inside the mouth. The orbicularis is also involved in puckering the lips, as 
would be important in speech production and sucking [12]. With age and photodam-
age, the lip tends to thin and elongate, leading to loss of the Cupid’s bow and flat-
ness of the vermillion border. Vertical perioral rhytides become evident with 
repeated contraction of the perioral musculature, as well as soft tissue volume loss 
and bony resorption of the mandible and maxilla [13]. Botulinum toxin injection 
can have a secondary benefit of everting the lips.

Assessment of the lips should be made at rest and during animation. The patient 
should be asked to smile and pucker. Assess for the presence of dynamic and static 
vertical perioral rhytids. Make note of any loss of lip and perioral volume, as well 
as the projection of the lips on profile view.

Perioral lip lines can be treated at one to two sites per side along the upper lip and 
at one site per side along the lower lip [11]. The injection is made at the vermillion 
border and can be placed deep to the bevel of the needle. A total of 4–6 units of 
onabotulinumtoxinA can be used [14] (Fig. 12.4).

Fig. 12.4 Recommended injection points for the targeted treatment of lip lines. A total of 4–6 
onabotulinumtoxinA units are delivered deep into the vermillion border
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Administering high doses can result in difficulty drinking out of straws and lip 
pursing. This can affect speech and the pronunciation of the letter “p.” Drooling can 
also become an issue [11]. This can be avoided by keeping the injection dosages 
conservative and injection sites further away from the oral aperture.

 Facial Sculpting

Beyond the immediate benefit of injectable neuromodulators on wrinkle reduc-
tion, they can also be used to improve the shape and position of various facial 
landmarks. Facial expression is achieved by activation of muscles that either ele-
vate or depress the features of the face. This balance of muscles can be altered 
strategically by weakening the muscles that alter the face undesirably. For 
instance, denervating a depressor muscle leaves an unopposed action of the eleva-
tor muscles resulting in a lifted appearance of a given facial structure. Furthermore, 
muscles that are inactive undergo atrophy over time resulting in a slimming 
effect. This can be desirable when the targeted muscle is hypertrophic or contrib-
uting to an unaesthetic appearance. Dosage recommendations are illustrated in 
Table 12.2.

Table 12.2 Recommended onabotulinumtoxinA injections for facial sculpting

Indications

Total 
dose 
range

No. of 
injections Injection sites

Eyebrow lift 6–10 1 per side Superior-most lateral canthal line
Eye aperture 
widening

2–4 1 per side Lower eyelid midpupil

Gummy smile 6–10 3 if moderate, 
5 if severe

Inferior to columella; lateral to ala

Lateral lip lift 4–8 1 per side 1 cm lateral to oral commissure along 
mandibular border

Mentalis muscle 4–8 1–2 1 cm from mandibular border, at least 
1.5 cm inferior to the vermillion

Masseter hypertrophy 24–48 3 per side Inverted triangle centered on the masseter 
body

Platysmal bands 25–30 3–4 per band Vertically along each band
Parotid hypertrophy 60–80 2–9 per side Posterior to the masseter, midway between 

the tragus and mandibular angle
Submandibular gland 
hypertrophy

24–30 2 per side Ultrasound guided or 1 finger breadth 
medial to the midpoint of a line from 
mandibular angle to chin
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 Eyebrow Lift

Botulinum toxin can be used to achieve a more desirable eyebrow shape by manipu-
lating the vectors of pull from the muscles of the upper face. The frontalis muscle is 
the only elevator muscle in the upper face and it is responsible for lifting both the 
medial and lateral eyebrows [9]. The glabellar muscle complex is responsible for 
depressing the medial eyebrows, while the lateral orbicularis oculi are responsible 
for depressing the lateral eyebrows. Achieving more eyebrow lift laterally can be 
achieved by deactivating either the lateral orbicularis oculi or the medial frontalis 
muscle. The ideal eyebrow shape has varied over the years with the coming of vari-
ous trends; however, a classic youthful aesthetic shape always remains. An aestheti-
cally desirable female eyebrow should rest at the supraorbital margin medially and 
the lateral tail should rest slightly above the inferior aspect of the medial brow [8]. 
The peak of the brow should be positioned somewhere between the lateral limbus 
and the lateral canthus extending superiorly to the level of the supraorbital ridge. 
The male eyebrow follows a similar shape but is lower and flatter than in a female 
[8]. With age, in some patients, the medial eyebrows will lift and separate, while the 
lateral eyebrows depress [15].

Assessment of the eyebrows should be made with the patient looking forward 
with their eyes open. Many patients will compensate for eyelid ptosis or blepharo-
chalasia by overactivating their frontalis. This can result in a surprised appearance 
and asymmetry of the eyebrows. Ask the patient to then close their eyes and note the 
positioning of the eyebrows. Determine the positioning of the medial and lateral 
eyebrows relative to the supraorbital rim and note the vertical positioning of the tail 
of the brow relative to the medial head. The patient should be asked to squint and 
the superior-most lateral canthal line should be marked.

A single injection point of botulin toxin is made into the orbicularis oculi muscle 
at the superior-most lateral canthal line (Fig. 12.3). This point should be 1 cm lateral 
to the orbital rim to avoid inadvertent diffusion into the palpebral portion of the 
orbicularis oculi or into the levator palpebrae muscle. Injections should be made 
intradermally forming a visible bleb due to the superficial location of the orbicularis 
oculi muscle. A total of 3–5 onabotulinumtoxinA units can be injected per side. To 
avoid a “Spock” appearance, it is recommended to also place 1 unit of onabotu-
linumtoxinA into the frontalis muscle 2 cm above the superior orbital rim in line 
with the midpupil [8]. This keeps the lift isolated to the lateral aspect of the brow 
only and produces a more aesthetically pleasing result. Injection of several units of 
botulin toxin can also be made into the medial rhytides of the forehead and this can 
result in a compensatory hyperactivation of the lateral frontalis leading to a lateral 
eyebrow lift as well.

Keep in mind that if the medial eyebrow is lowered to prevent hyperactivation of 
the frontalis, the patient may complain of “heaviness” of their eyelids. If ptosis is a 
significant issue, it should be corrected surgically. The injector should also be 
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 mindful that paralyzing the glabellar complex will result in separation and elevation 
of the medial eyebrows. This may not be a desirable effect aesthetically and may be 
mitigated by deactivating the frontalis muscle medially.

 Eye-Aperture Widening

The orbicularis oculi muscle is a sphincter muscle that functions to close the eye-
lids. It can be separated into orbital and palpebral sections. The palpebral section 
can be further subdivided into the preseptal and pretarsal portions [16]. The orbital 
section of the orbicularis oculi is more involved in voluntary squeezing and winking 
of the eyelid while the palpebral section has a greater role in involuntary blink clo-
sure as well as keeping the eyelids closed during sleep [16]. With age, the preseptal 
fibers are responsible for narrowing of the palpebral aperture [8]. Botulinum injec-
tion into the preseptal orbicularis oculi can improve the appearance of a narrowed 
palpebral aperture as well as correct congenital and senile entropion [17].

With the patient looking straight, assess the patient’s palpebral aperture bilater-
ally noting any asymmetries. Perform a snap test before injection to verify lower lid 
functional recovery. Identify the presence of any ectropion, entropion, and lower 
lid show.

A single injection site in the lower eyelid 3–4 mm below the eyelash margin in 
line with the midpupil is required. Have the patient close their eyes and inject super-
ficially into the dermis 1–2 onabotulinumtoxinA units per side [8] (Fig. 12.5). Keep 
the needle parallel to the skin to avoid injury to the eye.

This area should not be treated if the patient has scleral show, ectropion, or a poor 
snap test as botulinum toxin injections can worsen these conditions [8].

Fig. 12.5 Recommended injection points to achieve widening of the eye aperture. A single injec-
tion of 1–2 onabotulinumtoxinA units per side is made into the lower eyelid 3–4 mm below the 
eyelash margin
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 Gummy Smile

A gummy smile refers to the showing of excess gum while smiling [13]. In certain 
individuals, hyperactivity of the muscles responsible for smiling can result in this 
problem, specifically the levator labii superioris alaeque nasi muscle which elevates 
and everts the upper lip and the depressor septi nasi muscle which draws the nasal 
tip downward. In severe cases, the levator labii superioris and zygomaticus minor 
muscles are also hyperactive [10].

Assess the lips and amount of teeth and gum show both at rest and with smiling. 
Make note of any depression of the nasal tip with smiling, as well as the length of 
the upper lip. Identify any asymmetries.

Injection of botulin toxin can be made at three sites if the gummy smile is moder-
ate and at five sites if it is severe [13]. Botulinum toxin is injected deep into the 
muscles at full depth. One injection site per side, lateral to the ala, targets the levator 
labii superioris alaeque nasi, while one central injection, inferior the nasal colu-
mella, targets the depressor septi nasi muscle. A second injection site in line with 
the ala and the pupil can be made to target the levator labii superioris and zygomati-
cus minor muscles. Two onabotulinumtoxinA units per injection site can be used for 
a total of 6–10 units.

Overinjection with botulinum toxin may lead to elongation of the upper lip. 
Patients with long upper lips may not be ideal candidates for this procedure [13].

 Lateral Lip Lift

The depressor anguli oris muscle is involved in frowning and functions to draw the 
corners of the mouth downwards. It originates on the mandible and inserts at the 
angle of the mouth onto the modiolus [11]. Excessive contraction of this muscle and 
soft tissue depletion leads to a sullen appearance and contributes to the creation of 
marionette lines, forming downwards from the lateral oral commissure [18].

The patient’s mouth should be assessed at rest and with activity. Note the direc-
tion of the oral commissure at rest. They should be asked to frown to determine the 
strength and location of the depressor anguli oris muscle. As always, note any asym-
metries between each side.

To achieve a subtle lift of the oral commissures, a single injection site per side is 
made (Fig. 12.6). A dose of 2–4 onabotulinumtoxinA units is injected deep into the 
muscle at full depth of the needle. The injection site should be 1 cm lateral to the 
oral commissure along the base of the muscle at the mandibular border [18].

This area is prone to asymmetries. Diffusion medially can result in inadvertent 
paralysis of the depressor labii inferioris muscle leading to an asymmetrical smile. 
This unwanted effect can be minimized by avoiding excessive dosing and keeping 
injections lateral to the marionette lines [13].
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 Mentalis Muscle

The mentalis muscle is a paired muscle located at the center of the mandible. It is 
the only elevator muscle of the lower lip [19]. It functions to maintain oral compe-
tence and support the lower lip. It also serves to elevate the overlying skin via its 
thick fibrous septa [20]. A hyperdynamic mentalis muscle can accentuate the men-
tolabial crease, as well as create unwanted dimpling of the mental area with speech 
and mouth closure [11]. This can take on the appearance of peau d’orange or 
cobblestone.

The chin should be assessed before injection. The patient is asked to pull the 
lower lip up over the upper lip to determine the outline of the mentalis muscle and 
identify areas of contour irregularities [20].

Injection sites should be at least 1.5 cm inferior to the border of the lower lip and 
approximately 5–10 mm above the lower border of the mandible [18]. The injec-
tions should be aimed at the superficial fibers of the muscle to preserve the function 
of the deep mentalis [20]. The needle should therefore be aiming parallel to the skin. 
The total dosage is 4–8 onabotulinumtoxinA units [13]. The injection sites can be 
spread out over 1–2 points (Fig. 12.7). However, care must be taken not to inject too 
laterally as this can result in unwanted spread to the depressor labii inferioris mus-
cle, resulting in an asymmetrical smile [11].

Overinjection of the mentalis can have significantly undesirable consequences 
ranging from lower incisor show to oral incompetence and drooling [19]. If after 
botulinum toxin injection, the lower lip rests too low, it may be of benefit to also 

Fig. 12.6 Recommended injection points to achieve a lateral lip lift. A dose of 2–4 onabotulinum-
toxinA units is injected deep into the depressor anguli oris muscle, 1 cm lateral to the oral commis-
sure at the mandibular border
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inject the depressor anguli oris muscles to balance the lip position [20]. This can be 
a challenging muscle to inject for this reason. Avoidance deep injection into the 
mentalis muscle can also be of major benefit.

 Masseter Hypertrophy

The masseter muscle is a thick quadrangular muscle that rests superficial to the 
angle of the mandible. It has an important functional role in chewing. It functions to 
elevate the mandible [11]. It can become enlarged with repeated clenching of the 
jaw resulting in a widened or squaring of the lower face. Hypertrophy of the mas-
seter can be aesthetically displeasing in a female [11].

The patient should be assessed from the front view to determine the width of the 
lower face. Assess the strength, size, and location of the masseter muscle by asking 
the patient to clench their jaw. Mark out the anterior border of the muscle. 
Furthermore, patients should also be assessed for parotid hypertrophy as this can 
also contribute to the impression of enlarged mandibular angles [21]. Parotid 
enlargement can be identified by the presence of diffuse swelling that extends 
beyond the posterior border of the mandible. Luckily, this too can be treated with 
botulinum toxin.

Treatment of masseter hypertrophy is made at three sites on each side of the face 
[13]. Four to eight onabotulinumtoxinA units should be administered at each 

Fig. 12.7 Recommended injection points to treat chin dimpling. Injection sites should be at least 
1.5 cm inferior to the border of the lower lip and approximately 5–10 mm above the lower border 
of the mandible. A total dose of 4–8 onabotulinumtoxinA units are delivered over 1–2 injection 
sites superficially
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 injection site deep to the muscle with the needle injected to its full depth. Palpate the 
point of maximum muscle contraction as well as the anterior margin of the muscle 
by asking the patient to clench their jaw. The three injection sites should be 1 cm 
apart from one another and form an inverted triangle centered on the masseter body 
[11] (Fig. 12.8). The average initial total dose of onabotulinumtoxinA is 12–24 units 
into each muscle. This can be repeated at 1-month intervals until no palpable move-
ment of the muscle is felt with clenching. This can take up to three or four treat-
ments. Maintenance dosing is typically 20 units total once or twice a year [21].

Several unwanted consequences of botulinum toxin injection into the masseter 
may occur including asymmetries, hematomas [13], and jowling due to volume 
reduction and sagging of the skin [21]. Avoid unwanted diffusion into the risorius, 
zygomaticus major, and levator anguli oris by keeping the volume of injection less 
than 1.5 mL at a time [21] and remaining inferior and lateral along the muscle [11]. 
Furthermore, diffusion through the coronoid notch can affect the lateral and medial 
pterygoid muscles, thereby weakening chewing. Although the lateral and medial 
pterygoids and temporalis muscles can typically compensate adequately for the loss 
of masseter function in mastication, it is still possible for some patients to report 
weakness with wide mouth opening and aching sensation with chewing [21]. 
Patients may also notice fasciculations temporarily [21].

 Platysmal Bands

The platysma muscle acts as a major depressor of the lower face, drawing down the 
mandible and corners of the mouth [18]. It appears as two superficial thin sheets of 
muscle that run down the lateral neck below the subcutaneous tissue [18]. The 

Fig. 12.8 Treatment of masseter hypertrophy is made at three sites on each side of the face. Four 
to eight onabotulinumtoxinA units should be administered at each injection site deep to the mas-
seter muscle with the needle injected to its full depth. The three injection sites should be 1 cm apart 
from one another and form an inverted triangle centered on the masseter body
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 platysma originates on the pectoralis and deltoid fascia and inserts partially onto 
the mandible and partially extending up to the muscles of the lower lip and the 
superficial musculoaponeurotic system (SMAS) [22]. These superior extensions 
allow the platysma to have a downward pulling effect on the cheek and the corners 
of the mouth.

One of the first signs of aging is prominent vertical platysmal bands in the neck 
[23]. This is generally believed to be the result of hyperactivity of the platysma as 
well as generalized skin laxity [24]. Patients with less skin laxity are better candi-
dates for botulinum treatment, as relaxation of the bands may worsen the appear-
ance of saggy skin [13].

Prior to injection, assess the patient’s neck at rest and with maximum frown. 
Assess the presence of platysmal bands medially and laterally and mark out their 
trajectory. Note any skin excess.

Treatment of each band is made at four sites laterally and three sites medially 
[13]. Ask the patient to contract their neck and pinch the band to help guide the 
injection [18]. Inject 2 onabotulinumtoxinA units at each site. Insert the needle to 
one-third of its depth. Since injections along the medial band are more challenging 
and associated with more complications, keep the doses to a minimum and begin by 
treating the lateral bands first [13].

Dysphagia and dysphonia have been reported as potential complications of botu-
linum toxin in the neck [13]. To mitigate this, avoid injecting more than 50 onabotu-
linumtoxinA units at one time, keep injections along the medial bands to a minimum, 
and avoid injecting too deep [25]. This area is also prone to bruising.

 Microbotox

The microbotox technique is a relatively new method of delivery that was first 
described by Wu in 2015 as a means of improving the overall appearance of the 
skin. Although it has been used throughout the whole face, it has now become popu-
larized for the use in the neck. With this technique, multiple microdroplets of diluted 
botulinum toxin are injected superficially into the dermis to target the sebaceous 
glands, sweat glands, and superficial fibers of the facial muscles [26]. Patients report 
an overall improvement in their skin texture, mandibular definition, and the cervico-
mental contour [26]. It remains a simple nonsurgical solution for those patients 
seeking improvement in mild neck laxity, jowling, horizontal neck lines, and rough 
crepey skin and is a useful adjunct to earlier mentioned techniques.

By affecting the sebaceous and sweat glands, the skin takes on a characteristic 
sheen that is desirable by many patients and the appearance of rhytides can be soft-
ened due to relaxation of superficial muscular dermal attachments [27]. Muscle 
function is mostly preserved by sparing their deeper surfaces, conferring a more 
natural dynamic appearance. A secondary effect of microbotox is improvement in 
jawline definition due to Wu’s theory of improved platysmal apposition. The theory 
is that the cylindrically shaped platysma muscle will exert a pulling action due to the 
contraction of only the deep surface of the muscle, creating a more defined 
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 cervicomental angle and jowl improvement [27]. Also, by staying superficial with 
the injections, unwanted diffusion into the deep neck structures can be avoided miti-
gating adverse events such as dysphonia and dysphagia [26].

To prepare the solution, 100 units of onabotulinumtoxinA is diluted in four to 
five milliliters of saline to obtain a concentration of 20–25 U/mL. A total of two or 
three milliliters of the solution can be used throughout the entire anterior neck. 
Using 31- or 32-gauge needles, 100–150 equally spaced injections are made into the 
neck. The injections should be made superficially into the dermis producing a small 
blanched bleb. The injections should span the width of the platysma muscle defined 
by a line parallel to the mandibular border 3 fingerbreadths above, a vertical line 1 
fingerbreadth posterior to the depressor anguli oris medially, the clavicle inferiorly, 
and the sternocleidomastoid posteriorly [27] (Fig. 12.9).

Although this technique has a soft improvement on vertical platysmal bands with 
contraction, it has limited improvement at rest [26]. For this reason, this technique 
is best for those seeking improvements in skin laxity and soft tissue ptosis with 
minimal platysmal banding.

Fig. 12.9 Microbotox injections delivered intradermally at each point indicated. The margins of 
the area to be injected correspond to the extent of the platysma. The anatomical landmarks are 
defined by a line parallel to the mandibular border 3 fingerbreadths above, a vertical line 1 finger-
breadth posterior to the depressor anguli oris medially, the clavicle inferiorly, and the sternocleido-
mastoid posteriorly
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 Scar Management

Recent studies have shown that botulinum toxin has a positive effect on the preven-
tion and treatment of scars including hypertrophic and keloid scars. It can be a help-
ful adjunct to other treatment modalities including microneedling and corticosteroid 
injection [28]. Improvements have been reported in both the appearance of scars 
and subjective negative symptoms of pruritus and pain [29]. Significant changes 
were noted in scar vascularity, pigmentation, pliability, and height when comparing 
to injections with saline in multiple studies [30]. Furthermore, collagen production 
and organization was found to be significantly improved with intralesional botuli-
num toxin injections leading to faster vascularization and reepithelialization of 
wounds [31].

The exact mechanism is not completely understood; however, several mecha-
nisms proposed from in vivo human and animal studies have been demonstrated. 
Firstly, by immobilizing local muscles acting on a wound, tension is reduced during 
healing, minimizing inflammation and overproduction of collagen [29]. Studies 
have also shown that botulinum toxin inhibits fibroblast proliferation as well as 
fibroblast-to-myofibroblast differentiation in hypertrophic scars [30] by downregu-
lating the expression of α-smooth muscle actin and myosin II proteins [32]. 
Additionally, botulinum toxin was further found to mediate cutaneous inflammation 
by inhibiting local cytokines including TGF-β1 and connective tissue growth factor 
[31, 33], as well as substance P, glutamate, and calcitonin gene-related peptide 
(CGRP) [34]. This could account for the improved effect on scar tenderness and itch 
by relieving trapped nerve fibers within keloids [35]. Of note, these effects of botu-
linum toxin were not observed in fibroblasts isolated from normal skin [33].

The exact injection protocol and timing for botulinum toxin has not been con-
firmed and injection technique varies greatly in the literature; however, timing the 
botulinum toxin injection at the time of surgery is a common practice [30]. A com-
mon injection practice is to inject intradermally within five millimeters of the scar 
along its length at a dose of 1.5–10 onabotulinumtoxinA U/cm [36]. Concentrations 
of botulinum toxin should not exceed 20 onabotulinumtoxinA U/mL, as they have 
been shown to inhibit angiogenesis and thus affect wound healing [37].

In general, botulinum toxin injections are a safe and effective method for the 
management and prevention of scarring; however, the exact efficacy and injection 
method still needs to be supported by larger high-quality studies.

 Salivary Gland Hypertrophy

Certain patients will present with hypertrophy of the salivary glands. Although this 
may not necessarily be clinically problematic, it may lead to an undesired aesthetic 
appearance by widening the face or neck or blunting the jaw line. Salivary gland 
enlargement can be minimized with intraglandular injections of botulinum toxin [5].
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Because botulinum toxin blocks all cholinergic transmission, it therefore also 
blocks acetylcholine release from postganglionic parasympathetic fibers to the mus-
carinic receptors of the salivary glands [5]. As a result, botulinum toxin injection is 
commonly used for the treatment of sialorrhea. It has also been reported to induce 
gland atrophy without affecting saliva production [21, 38]. With repeated injections, 
this reduction in gland size can be longstanding [5].

Two major salivary glands including the parotid and submandibular glands can 
be targeted with botulinum toxin. The parotid is the largest of the major glands [39]. 
It is located bilaterally in the preauricular region along the posterior surface of the 
mandible, superficial to the masseter muscles. The submandibular glands are located 
in the neck, just inferior to the border of the mandible, between the two bellies of 
the digastric muscles bilaterally [39]. They can be found deep to the platysma muscle.

Hypertrophy of the salivary glands can have a broad range of etiologies ranging 
from familial, drug-induced, autoimmune, infectious, and malignant to obstructive 
causes [40]. When suspecting parotid gland enlargement, the practitioner must first 
exclude the presence of a solid mass or other disorders [5]. This is accomplished 
with a thorough clinical history and physical exam. Imaging with a CT of the head 
is also helpful.

Patients with parotid gland hypertrophy often present with the appearance of a 
“bull neck” and may have lateral rotation of their ear lobules [5]. Palpation will 
identify diffuse swelling that extends beyond the posterior border of the mandibular 
angle. Also, note any asymmetries as this should prompt further investigations. Ask 
the patient to clench their jaw to distinguish between hypertrophy of the masseters 
which would be palpable with contraction. This can also be treated with botulinum 
toxin injections.

The exact technique for botulinum toxin injections in the treatment of salivary 
gland hypertrophy as well as sialorrhea is still evolving and a subject of debate [39]. 
Although use of anatomic markers is an acceptable approach, ultrasound-guided 
injections are recommended, particularly when targeting the submandibular glands.

To target the parotid gland, the masseter muscle is identified with forced clench-
ing of the jaw, and two vertically placed injection sites are made just posterior to the 
masseter. A 29-gauge tuberculin syringe can be used at a depth of 1 cm from the 
skin [39]. The injection sites should center around the midpoint along a line that is 
made from the tragus to the mandibular angle (Fig.  12.10). The total botulinum 
toxin dose is 30–40 onabotulinumtoxinA units per parotid. The total dose can be 
spread out between 2 and 9 injection sites if desired [39].

The landmark for the submandibular gland is one fingerbreadth medial to the 
midpoint of a line that is made from the mandibular angle to the chin (Fig. 12.10). 
The injections are made subcutaneously with a 30-gauge, half-inch needle [39]. 
Two injection points are made for a total dose of 12–15 units per side.

Injections can be repeated up to four times separated by 1–2 months until the 
desired aesthetic result is achieved [5, 21]. Maintenance injections can be made 
every 6–12 months thereafter, though the exact doses and optimal treatment inter-
vals have yet to be determined [5].
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In general, side effects are mild and few [39]; however, some patients have 
reported problems with increased saliva thickness, dysphagia, and xerostomia. 
These effects typically resolve within a few weeks and can be mitigated by keeping 
treatment doses below 50 onabotulinumtoxinA units [39].Other possible side effects 
include infection, hematoma, and diffusion into neighboring muscles. No studies 
have yet been conducted to determine the long-term effects of this treatment [5].

 Conclusion

Botulinum neurotoxins have become a staple product in a plastic surgeon’s arma-
mentarium. Although they are best known for their role in wrinkle reduction, their 
efficacy in other applications should not be understated. Facial features can be stra-
tegically altered through selective muscular chemodenervation resulting in improved 
facial balance and form. Furthermore, botulinum toxin also has a role in improving 
skin texture and scar quality in addition to its effect on salivary gland hypertrophy. 
This remains an active area for research as new applications for this powerful drug 
are identified and more specific injection protocols are developed.

Fig. 12.10 Recommended injection points for the targeted treatment of parotid and submandibu-
lar gland hypertrophy. To target the parotid gland, 2–9 injection sites are made posterior to the 
masseter at the midpoint along a line that is made from the tragus to the mandibular angle. To target 
the submandibular gland, two injection sites are made at a point one fingerbreadth medial to the 
midpoint of a line that is made from the mandibular angle to the chin
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Chapter 13
Botulinum Toxin Treatment 
in Ophthalmology and Ophthalmic 
Surgery

Keya Jafari and Saurabh Jain

Abstract This chapter explores the clinical use of botulinum toxin therapy in oph-
thalmology and ophthalmic surgery. Ophthalmic conditions that can benefit from 
botulinum toxin therapy include blepharospasm, strabismus, nystagmus, lacrimal 
hypersecretion syndromes, eyelid retraction and spastic entropion among others. 
Since its first use in blepharospasm in 1983, toxin therapy has become the treatment 
of choice for blepharospasm with successful outcomes. This chapter also explores 
the techniques of injection, application and complications of toxin therapy in these 
conditions. Whilst generally considered safe, some of the complications of ophthal-
mic toxin therapy include ptosis, diplopia, dry eyes and epiphora.

Keywords Botulinum Toxin therapy · Ophthalmology · Strabismus

 Introduction

Clinical use of botulinum toxin as medical therapy was first established in the treat-
ment of strabismus by Alan Scott in 1980 [1]. Following successful clinical trials, 
botulinum toxin type A was approved by the U.S. Food and Drug Administration 
(FDA) for the treatment of strabismus, blepharospasm and hemifacial spasm in 
patients over 12 years of age in 1989. The early success of botulinum toxin therapy 
in treating strabismus bolstered research into additional therapeutic uses within the 
field of ophthalmology. Early botulinum toxin therapy within ophthalmology pio-
neered the expansion of its clinical application to the wide range of medical thera-
pies we see today in multiple medical and surgical specialities.
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The current application of toxin therapy within ophthalmology is extensive, as 
shown in the Table 13.1 below. Ophthalmic conditions that can benefit from botuli-
num toxin therapy include blepharospasm, strabismus, nystagmus, lacrimal hyper-
secretion syndromes, eyelid retraction and spastic entropion among others.

 Periocular

 Blepharospasm (Image 13.1)

Benign essential blepharospasm is a distressing idiopathic dystonia involving the 
orbicularis oculi and upper facial muscles. It is characterised by involuntary muscle 
contraction resulting in the appearance of forceful, prolonged bilateral blinking. In 
severe cases, the increased force and frequency of blinking can render the patient 
functionally blind. This is a lifelong condition with significant impact on quality of 
life. Whilst the cause is not yet well understood, spasms can be triggered by activi-
ties that put strain on the eyes – reading, driving, stress and bright lights.

Botulinum toxin has been well established as in the treatment of blepharospasm, 
first shown to be effective in 1983. It has since become the treatment of choice, with 
very successful results [2–14].

 Technique

Figure 13.1 illustrates the recommended injection sites for the treatment of blepha-
rospasm. Care must be taken to direct the injecting needle away from the central 
region of the eyelid to avoid the levator palpebrae superioris, damage to which 
might result in ptosis.

Table 13.1 Ophthalmic conditions that can benefit from botulinum toxin therapy

Periocular and eyelid Blepharospasm
Hemifacial spasm
Myokymia
Exposure keratopathy
Thyroid eye disease
Spastic entropion

Strabismus Infantile esotropia
Intermittent exotropia
Nerve palsies
Thyroid eye disease
Nystagmus

Cosmetic Glabellar furrows
Lateral periocular rhytids (“crow’s feet”)

Other Dry eye
Lacrimal hypersecretion

K. Jafari and S. Jain



271

 Botox® (Botulinum Toxin Type A)

The initial recommended dose is 2.5 to 5 U injected into the medial and lateral pre- 
tarsal orbicularis oculi of the upper lid and the later pre-tarsal orbicularis oculi of 
the lower lid. The injections are given subcutaneously to ensure maximal 

Image 13.1 Essential blepharospasm involving the orbicularis and upper facial muscles

40 U

20 U

40 U
20 U

5 U

Botox Dysport

5 U

5 U

5 U

5 U

Fig. 13.1 Recommended injection sites for toxin therapy in blepharospasm
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effectiveness and safety. It is prudent to remain outside the orbital rim whilst inject-
ing to avoid inadvertent weakening of the levator palpebrae superioris or the extra-
ocular muscles.

The initial effect of the injections is seen within 72 hours and peaks at 1–2 weeks 
post injection. The effects last for approximately 13 weeks. The procedure can then 
be repeated indefinitely, with increasing doses if necessary. If the initial treatment 
does not last longer than 2 months, then a twofold increase in dosage is recom-
mended. There have been some reports of decreasing effectiveness with prolonged 
use [15, 16], though this is rare and there is no evidence of any adverse effects with 
prolonged treatment. The cumulative dose of Botox® in a 30-day period should not 
exceed 200 U.

 Dysport®

Initial recommended dose of 20 units should be injected medially 40 units laterally 
into the pre-tarsal region of both the upper and lower orbicularis oculi muscles of 
each eye. Symptomatic relief is expected between 2 and 4 days with maximal effect 
seen within 2 weeks. Injections should be repeated approximately every 8 weeks.

 Myobloc® (Toxin Type B)

Type B toxin (Myobloc®) should be reserved for patients who develop resistance to 
type A toxin. The recommended dose of type B toxin is 1200–2500 U per eye, and 
the same injection technique and sites are used as in Botox®. Myobloc ® has a 
shorter duration of action of approximately 8–10 weeks, compared to 13 weeks in 
Botox®. Additionally, patients may report more pain due to the acidic nature of the 
preparations which has a tendency to diffuse into surrounding tissues (Table 13.2).

 Complications

This is a safe and effective treatment of blepharospasm and is well tolerated. Some 
reports have described up to 30% [17] of patients experiencing side effects from 
botulinum toxin treatment of blepharospasm. Whilst this may seem like a large 
proportion, the side effects are often mild, transient and reversible, with symptoms 
subsiding with gradual recovery of muscle function. Table 13.3 lists some of the 
potential adverse effects following periocular botulinum toxin injection. The most 
common complication is ptosis, seen in around 13% of cases [18], and this risk 
significantly increases both with number of treatments [5] and dose [19]. Patients 
may not be able to distinguish the difference between eyelid closure secondary to 
ptosis or blepharospasm and thus may report ptosis as a failure of botulinum toxin 
treatment. It is therefore the clinician’s responsibility to determine the difference 
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and identify the complication of ptosis where it occurs and avoid unnecessary early 
re-treatment and potential exacerbation of the ptosis.

Injecting botulinum toxin into the orbicularis muscle can result in a weakened 
blink as well as lagophthalmos. This can result in dry eyes, another commonly 
reported side effect of toxin therapy in blepharospasm. This can be overcome by 
using artificial tears routinely during toxin therapy.

 Strabismus (Image 13.2)

The first therapeutic use of botulinum toxin in humans was for the treatment of 
strabismus. Strabismus is a common condition where there is an imbalance in extra-
ocular muscle function, leading to misalignment of the eyes. The commonest 

Table 13.2 Recommended dosage at relevant injection sites in the treatment of blepharospasm

Toxin
Upper lid 
(U) Lower lid (U) Other

Recommended dosage per 
eye (U)

Medial Lateral Medial Lateral
External 
angle

Toxin type 
A

Botox ® 1.25–5 1.25–5 1.25–5 1.25–5 1.25–5 12.5–25
Dysport ® 20 40 20 40 100–120
Xeomin ® 5 5 5 5 25
Toxin type 
B

Myobloc ® 150 150 150 150 1200–2500

Side effect Mean incidence (%) [18] Reported range (%) [18]

Ptosis 13.4 0–52.3
Keratitis 4.1 0–46.2
Epiphora 3.5 0–20.0
Dry eyes 2.5 0–18.2
Diplopia 2.1 0–17.2
Lid oedema 1.6 0–30.4
Facial weakness 0.9 0–4.6
Lagophthalmos 3.0 0–63.6
Ecchymosis 0.3 0–9.0
Ectropion/entropion 0.3 0–6.7
Local pain 0.2 0–100
Blurred vision 0.2 0–2.1
Facial numbness 0.1 0–4.0

Table 13.3 Side effect profile for toxin therapy in blepharospasm
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strabismus causes are congenital whilst others may be acquired in adulthood, such 
as cranial nerve palsies. This deviation of ocular alignment may be intermittent or 
constant. Strabismus can also be subdivided into groups based on the direction of 
deviation: esotropia (inturning deviation), exotropia (out-turning deviation), hyper-
tropia (upturning deviation), hypotropia (downturning deviation) or cyclotropia 
(rotatory deviation). Strabismus can be caused by pathologies affecting the extra-
ocular muscles, the nerves that control these muscles or the central processing that 
directs eye movements at a cortical level. Toxin might be used as a diagnostic or a 
therapeutic tool in the management of strabismus.

 Diagnostic

Botulinum toxin can be used preoperatively to detect whether fusion is present once 
the deviation is corrected. It may also help aid the prediction of surgical outcomes 
for incomitant deviations and to rule out the incidence of postoperative diplopia. It 
can also be used to investigate a possible postoperative slipped muscle and gauge 
the power of a paretic one.

 Therapeutic

Strabismus treatment is targeted at aligning the visual axes. Conservative 
options include the use of prisms and orthoptic exercises to help establish binocular 
control of ocular alignment. Invasive options such as surgery are used to weaken or 
strengthen extraocular muscles and permanently change ocular alignment. 
Botulinum toxin therapy can be used to temporarily paralyse individual extraocular 

Image 13.2 Left divergent strabismus
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muscles in attempt to establish better ocular alignment. This effect may be perma-
nent in children with neuroplasticity.

Botulinum toxin acts by weakening the muscle of interest that leads to a reduc-
tion, or in some cases complete correction, of the angle of deviation of strabismus. 
For example, to correct convergent squint caused by a sixth nerve palsy, the toxin 
would be injected into the medial rectus of the affected eye.

Once toxin is injected, paralysis sets in within 72 hours; the maximal effect of 
the toxin is usually seen around 14 days after injection and lasts for approximately 
3 months. It is important to use electromyographic guidance to ensure the toxin is 
placed in the correct location and to use a small volume to prevent inadvertent 
involvement of other extraocular muscles or the levator muscle.

As the effect of the toxin sets in, it can cause an initial overcorrection of the 
deviation (a divergent deviation in the example of injection into the medial rectus in 
a sixth nerve palsy), but this effect is usually transient. It is important to monitor for 
unexpected vertical or horizontal deviations and ptosis which may occur if the solu-
tion extravasates during injection, affecting adjoining structures.

Aside from its use as primary treatment for strabismus, botulinum toxin can also 
be used as an adjunct to correct residual symptoms postoperatively in large-angle 
strabismus [20, 21]. It has also been used intraoperatively for large-angle strabis-
mus, though this has not yet shown to improve outcomes over surgery alone [22].

 Infantile Esotropia

Whilst botulinum toxin use in adults is a well-established alternative treatment 
option to surgical correction, it is not as well studied in children. It has been shown 
that early intervention with botulinum toxin therapy can re-establish motor and sen-
sory fusion with good long-term results [23]. However, studies show varying results 
depending on the age of the patients and pattern of injection. The image below 
illustrates the injection of botulinum toxin into the medial rectus of a child under 
general anaesthetic (Image 13.3).

 Sixth Nerve Palsy

Botulinum toxin has also been trialled in the treatment of acquired sixth nerve palsy. 
Injecting the medial rectus muscle has been shown to improve the rate of recovery. 
It also helps improve the deviation in the short term, lessening the need to use 
prisms or occlusion of the affected eye. However, the long-term outcomes are uncer-
tain with many studies reporting equal efficacy between botulinum toxin therapy 
and conservative management of sixth nerve palsy.
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 Technique

To achieve paralysis of the muscle, botulinum toxin must be injected directly into 
the belly of an extraocular muscle. In order to correctly isolate the muscle in ques-
tion, electromyography (EMG) is used (Image 13.4). One end of the EMG machine 
is connected to the base of the injecting needle and the other is connected to the 
patient’s forehead to complete the circuit. Topical anaesthesia is used to anaesthe-
tise the conjunctiva. The needle is then passed through the conjunctiva posterior to 
the muscle insertion site on the sclera, staying superficial to the sclera to avoid 
penetration of the globe. The patient is first asked to look in the opposite direction 
to the action of the muscle being injected. When the needle is deemed to be in the 
muscle belly, the patient is then asked to look in the direction of action of the extra-
ocular muscle being injected. This will result in an increased signal output from the 
EMG, confirming the correct location of the needle. The toxin is then slowly 
injected.

Different techniques for injecting botulinum toxin in strabismus:

 1. EMG-guided injection.
 2. Injection without EMG guidance.
 3. Injection under direct vision of the muscle during squint surgery.
 4. Injection through a conjunctival incision to visualise the muscle.
 5. Injection via a sub-Tenon’s lacrimal cannula alongside a muscle.
 6. Transconjunctival injection after grasping the muscle with forceps.

Image 13.3 Botulinum toxin injection into the medial rectus muscle under general anaesthesia
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Indication Botox® dose Dysport

Strabismus of less than 20 prism 
diopters

1.25–2.5 U 5–10 U

Strabismus of 20–50 prism diopter 2.5–5 U 10–20 U
VI nerve palsy 1.25–2 U

 Myokymia

Eyelid myokymia is the involuntary contraction of the orbicularis muscle. It pre-
dominantly affects the lower eyelid and upper eyelid involvement is rare. It is a 
benign, non-progressive disorder that is often self-limiting and the underlying 
pathology is not fully understood. It can be triggered by stress, anxiety, fatigue, caf-
feine or alcohol. Botulinum toxin can be injected into the twitching orbicularis to 
temporarily paralyse and relax the muscle until spontaneous resolution is achieved. 
The recommended dose and technique is similar to that for the treatment of blepha-
rospasm but only the upper or lower lid may need to be treated.

 Chronic Dry Eyes

The aqueous component of the tear film is produced by the lacrimal gland and 
drained by the lacrimal pump. The lacrimal pump is located in the medial canthus 
and it is regulated by the orbicularis oculi. Thus, conditions causing an excess of 

Image 13.4 Electromyographic equipment for extraocular muscle toxin injection including an 
injection amplifier, needle electrodes and adhesive skin electrodes
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blinking, such as blepharospasm or hemifacial spasm, can lead to a chronic dry eye 
state. Botulinum toxin injections can be used to reduce the blink rate and conse-
quently improve ocular surface wetting [24]. Injecting the medial region of the orbi-
cularis muscle of the lower lid has shown to reduce lacrimal pump action, increase 
tear output and improve dry eye symptoms [25].

 Acquired Nystagmus

Acquired nystagmus is a rare condition caused by involuntary repetitive to-and-fro 
eye movements, leading to visual disturbances such as oscillopsia and blurred 
vision. Studies have shown success in treating nystagmus by injecting botulinum 
toxin directly into the rectus muscles [26–28]. However, the treatment should only 
be attempted in wheelchair-bound patients if all muscles are to be blocked as it may 
also inhibit the vestibular reflex or the ocular tilt reaction.

 Cosmetic

Patients with blepharospasm treated with botulinum toxin were noted to have a 
stress-free appearance. This observation inspired research on the potential cosmetic 
applications of the toxin.

Botulinum toxin has revolutionised the cosmetic industry in recent years. The 
first cosmetically approved use for Botox® was for the treatment of glabellar fur-
rows in 2002 and its cosmetic application has since expanded to treat lateral peri-
ocular rhytids (“crow’s feet”), perioral rhytids (“smoker’s lines”), mesolabial folds 
(“marionette lines”), transverse brow and forehead furrows and platysmal bands.

The safety profile for cosmetic Botox® is very promising, with no serious adverse 
events reported. Mild side effects include local pain and bruising, infection, brow 
and eyelid ptosis.

 Complications

Botulinum toxin therapy is generally considered a safe and well-tolerated procedure.
Whilst side effects can occur, they are usually transient and rarely sight 

threatening.
Side effects secondary to the technique of administration are common to most 

procedures involving an injection. These include oedema, bruising, haemorrhage 
and mild pain. Bruising and haemorrhage can be minimised by stopping any antico-
agulant medications 2 weeks prior to the injection. Additionally, use of ice packs 
prior to injection, careful placement of the needle and immediate gentle local pres-
sure to the injection site can help prevent bruising.
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The most common complication secondary to the chemodenervation associated 
with botulinum toxin therapy is ptosis. Diffusion of the neurotoxin into the orbital 
septum can result in impairment of the levator muscle. This can occur as early as 
48 hours post injection and can last up to 12 weeks. Techniques to avoid the levator 
muscle such as avoiding the central portion of the upper lid are recommended to 
reduce the risk of ptosis.

Diplopia can occur, most commonly due inadvertent paralysis of the inferior 
oblique muscle, though this is rare. Additionally, unwanted horizontal deviation can 
occur, though uncommon.

Other common side effects of botulinum toxin therapy include dry eye and 
epiphora. Patients can develop lagophthalmos and impaired blinking due to orbicu-
laris muscle weakening. This can lead to characteristic dry eye symptoms of burn-
ing, photophobia and redness. Conversely, toxin therapy can also result in epiphora 
by means of impaired lacrimal pump function secondary to reduced lower lid tone.

More severe reported side effects include incidences of acute angle-closure glau-
coma [29, 30] and retinal detachment secondary to globe penetration associated 
with botulinum toxin injection [31]. However, these are very rare and often 
avoidable.
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Chapter 14
Botulinum Toxin Treatment 
in Gastrointestinal Disorders

Ammar Nassri, Kaveh Sharzehi, and Ron Schey

Abstract Botulinum toxin is used extensively for the management of  gastrointestinal 
smooth muscle disorders. This chapter is a summary of the current status of this 
therapy. Botulinum toxin appears to be beneficial for achalasia, hypertensive esoph-
ageal disorders, and anal fissure and unclear utility in gastroparesis, upper esopha-
geal sphincter dysfunction, and sphincter of Oddi dysfunction. Very few 
placebo-controlled trials have been performed despite widespread use of toxin for 
the past 25 years. Botulinum toxin appears to be safe and side effects are uncom-
mon. Despite uncontrolled data, botulinum toxin is now used for a variety of spastic 
disorders of GI smooth muscle. In some instances, this therapy may preclude the 
need for more invasive treatments. Controlled trials are needed.

Keywords Botulinum toxin · Achalasia · Gastroparesis · Hypertensive esophageal 
disorders · Anal fissure · Sphincter of Oddi dysfunction

 Introduction

The toxin of Clostridium botulinum inhibits the release of acetylcholine from nerve 
terminals and causes paralysis of skeletal muscle. Botulinum toxin (Botox) injec-
tion was first described in 1977 in children with strabismus, and since then it has 
been utilized in a multitude of clinical indications, ranging from conditions such as 
focal dystonia, urinary incontinence, hemifacial spasm, and cervical dystonia to a 
variety of cosmetic procedures [1–3]. In 1993, it was hypothesized that Botox may 
have a similar effect on gastrointestinal smooth muscle. This was tested by injecting 
Botox into the lower esophageal sphincter of five piglets and comparing the effect 
with the injection of normal saline [4]. A reduction of about 60% was observed 
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without evidence of toxicity [4]. In a pilot trial, Pasricha et al. demonstrated that 
intra-sphincteric injection of botulinum toxin in humans had the potential to be use-
ful in the treatment of achalasia [5] and these findings were followed by a seminal 
randomized trial [6]. Since then, Botox has been used in the GI tract in various 
applications described below.

 Upper Esophageal Sphincter

Oropharyngeal dysphagia and aspiration can be caused by spasticity, hypertonus, or 
delayed relaxation of the upper esophageal sphincter (UES). UES dysfunction dur-
ing swallowing has been reported in numerous acute and progressive neurological 
conditions including, but not limited to, brainstem stroke, motor neuron disease, 
Parkinson’s disease, myasthenia gravis, and inclusion body myositis [7–11]. 
Management of impaired UES varies across individuals and intervention can be 
pharmacological, compensatory, rehabilitative, or surgical in nature [12]. In cases 
where patients have demonstrated minimal benefit from a trial of compensatory and 
rehabilitation programs, they may be considered for surgical or pharmacological 
interventions. Surgical intervention includes cricopharyngeal myotomy and upper 
esophageal dilatation. Pharmacological intervention consists of injection of Botox 
into the cricopharyngeus.

The first use of Botox in this setting was described in 1994  in a series of 7 
patients. Conventional therapy (i.e., lateral cricopharyngotomy and laser dissection 
of the UES) was replaced by Botox injection with complete resolution of symptoms 
in 5 of 7 patients [13]. Since this initial 1994 study, cricopharyngeal Botox injection 
has been reported in over 30 studies with a mean success rate of 76% (43–100%) 
[14], although endoscopic myotomy is considered superior and had the highest suc-
cess rate. Patients with Botox need repeat injections due to a higher risk of recur-
rence, but its use has a role in the elderly and in patients with comorbidities [15].

 Achalasia

Achalasia is a disorder characterized by a failure of the lower esophageal sphincter 
to relax with swallowing as well as a lack of esophageal peristalsis. It was first 
described in 1674 by Sir Thomas Willis, who postulated that the disease is due to 
the loss of normal inhibition in the distal esophagus [16].

Although the etiology is largely unknown, the pathophysiology is well described, 
with pathology revealing a loss of esophageal nitric oxide-releasing inhibitory neu-
rons, which leads to an imbalance between the excitatory and inhibitory neurons in 
the myenteric plexus, thus resulting in a failure of relaxation of the LES and an 
increased residual pressure. Esophageal motor innervation is through the vagus 
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nerve via the myenteric plexus. Neural innervation differs in the proximal and distal 
esophagus. The striated muscle of the proximal esophagus is innervated by the 
somatic efferent fibers of the vagus nerve. The cell bodies for these fibers originate 
in the nucleus ambiguous and terminate on the motor end plate directly via cholin-
ergic receptors [17, 18]. The smooth muscle of the distal esophagus is innervated by 
the preganglionic vagus nerve fibers with cell bodies located in the dorsal motor 
nucleus [19]. The postganglionic excitatory neurons release acetylcholine while the 
inhibitory neurons release nitric oxide and vasoactive intestinal polypeptide result-
ing in esophageal and LES contractions and relaxations, respectively [20, 21]. The 
inhibitory neurons also play a role in normal peristalsis. At baseline, the esophageal 
muscle is in a contractile state. With swallowing, the inhibitory neurons are excited, 
which results in esophageal relaxation. A coordinated series of relaxation followed 
by contraction in a cephalic-caudal direction results in peristalsis [22]. In patients 
with achalasia, there is loss of the inhibitory neurons. This results in failure of LES 
relaxation as well as loss of esophageal peristalsis [23].

Achalasia is characterized manometrically by insufficient relaxation of the lower 
esophageal sphincter (LES) and loss of esophageal peristalsis; radiographically by 
aperistalsis, esophageal dilation, with minimal LES opening, “bird-beak” appear-
ance, and poor emptying of barium; and endoscopically by a dilated esophagus with 
retained saliva, liquid, and undigested food particles in the absence of mucosal stric-
turing or tumor [24].

Idiopathic achalasia is rare, with mean incidences of 0.3–1.63 per 100 000 peo-
ple per year in adults [25, 26]. Achalasia has an insidious onset, and disease progres-
sion is gradual. Patients typically experience symptoms for years prior to seeking 
medical attention. The mean duration of symptoms is 4.7 years prior to diagnosis 
[27]. In one series dysphagia to solids (91%) and liquids (85%), regurgitation 
(76%), heartburn (52%), chest pain (41%), and weight loss (35%) were the most 
frequent symptoms in patients with achalasia [28]. In the early stages of the disease, 
dysphagia may be very subtle and can be misinterpreted as dyspepsia, poor gastric 
emptying, or stress.

Achalasia is a chronic condition without cure. Current treatment options in acha-
lasia are aimed at reducing the hypertonicity of the LES by pharmacologic, endo-
scopic, or surgical means.

For patients who are at low surgical risk, pneumatic dilation or surgical myotomy 
should be performed to treat achalasia. Per-oral endoscopic myotomy (POEM) is a 
promising new endoscopic technique for performing myotomy. Pneumatic dilation 
involves the forceful dilation of the LES with a pneumatic balloon to weaken the 
LES by tearing its muscle fibers and appears to be the most cost-effective treatment 
for achalasia [29]. Initial success rates are high with either modality (85% for pneu-
matic dilation and 90% for surgical myotomy); however, about one-third of patients 
have recurrence of symptoms in 4–6 years [30]. The two most often used pharma-
cological drugs are nitrates and calcium channel blockers. Medical therapy is the 
least effective treatment option in patients with achalasia and should be considered 
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in patients who are unwilling or unable to tolerate invasive therapy and for patients 
who have failed Botox injections [31].

Botox therapy is strongly considered in patients who are not good candidates 
for more definitive therapy with pneumatic dilation or surgical myotomy. 
Botulinum toxin A, which blocks the release of acetylcholine from the nerve ter-
minals, is directly injected into the LES during upper endoscopy. The lower esoph-
ageal sphincter is visualized endoscopically by identification of the sphincteric 
rosette, seen at the squamocolumnar junction. Botox is injected into the region of 
the lower esophageal sphincter. Aliquots of 1 ml each (20–25 units of botulinum 
toxin per milliliter of saline) are injected into quadrants, for a total of 
80–100 units [32].

More than 80% of cases have a clinical response by 1 month, but response fades 
rapidly, with less than 60% of patients in remission at 1 year [33]. At least a second 
treatment is needed in 46.6% of patients [34]. In general, there is almost universal 
symptom relapse by 2 years, although some studies have shown continued efficacy 
in up to 34% of patients at 2 years [35].

Findings from six randomized trials comparing Botox with pneumatic dilatation 
and laparoscopic myotomy are shown in Table 14.1. These studies demonstrated 
comparable relief from dysphagia, but a rapid deterioration in patients treated with 
Botox after 6–12 months compared to the other modalities [35–40].

Botox injection is less invasive compared with surgery and can be easily per-
formed with endoscopy. As seen in Table 14.1, initial success rates with Botox are 
comparable to pneumatic dilation and surgical myotomy [34]. However, patients 
treated with Botox have more frequent relapses and a shorter time to relapse, and 
repeated Botox injections can negatively impact the outcome of subsequent myot-
omy [41]. Despite this, Botox therapy has an important role to play in elderly 
patients with comorbidities and as salvage therapy.

Table 14.1 Randomized trials comparing Botox injection to balloon dilation and myotomy for 
treatment of achalasia

Author Compared to N

Response rate (30 day) 
Botox group vs 
non-Botox group

Recurrence rate  
(12–24 months) Botox 
group vs non-Botox group

Zaninotto Surgical myotomy 80 66% vs 82% (P < 0.05) 87.5% vs 34% (p < 0.05)
Zhu Balloon dilation and 

balloon dilation + 
Botox

90 75% vs 85% vs 93% 84% vs 64% vs 43%

Mikaeli Balloon dilation 40 Not available 85% vs 47% (p < 0.05)
Ghoshal Balloon dilation 17 86% vs 80% (p = NS) 71% vs 25% (p = 0.027)
Vaezi Balloon dilation 42 Not available 68% vs 30% (p < 0.01)
Muehldorfer Balloon dilation 24 75% vs 83% (p = NS) 100% vs 40% (p < 0.05)
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 Hypertensive Esophageal Disorders

This group of esophageal motility disorders are a somewhat rare but troublesome 
group of disorders that can lead to severe symptoms including nausea, regurgitation, 
dysphagia, and chest pain [42]. Since the introduction of Botox for the treatment of 
achalasia in 1995, its utility has been expanded to a spectrum of esophageal motility 
diseases, most importantly diffuse esophageal spasm (DES), nutcracker esophagus, 
and hypertensive lower esophageal sphincter. These conditions are also collectively 
called hypercontractile esophageal disorders.

There are limited data on the prevalence of hypercontractile esophageal disor-
ders. The prevalence of these conditions among individuals with atypical chest pain 
appears to be between 4% and 13% [43]. The underlying pathophysiology for these 
conditions is relatively unknown. DES has been associated with an impairment of 
inhibitory innervation and malfunction in endogenous nitric oxide synthesis [44]. 
Nutcracker esophagus and hypertensive LES are due to overactivity of excitatory 
innervation or asynchrony of the smooth muscle response due to a hypercholinergic 
state [45].

The typical symptoms of patients with DES are dysphagia associated with 
retrosternal chest pain. Many of the patients with nutcracker esophagus or hyperten-
sive LES have no symptoms. The diagnosis of these patients is often made through 
esophageal manometry after a normal endoscopic examination. Each of these con-
ditions have distinct manometric findings, and diagnosis is often made once mano-
metric criteria are met.

Multiple therapies have been used to treat diffuse DES, nutcracker esophagus, 
and hypertensive LES, and the most effective treatment has not been defined. 
Calcium channel blockers and tricyclic antidepressants have been shown to be 
effective in the treatment of dysphagia and chest pain, respectively, and they have 
been considered first-line treatment for them [46–48].

For patients who do not respond to the first-line treatment, injection of Botox or 
oral nitrates (isosorbide 10 mg or sildenafil 50 mg on an as-needed basis for pain) is 
considered as the next treatment option [49, 50]. Unlike in achalasia, Botox therapy 
in these patients has not been as well studied in non-achalasia esophageal motor 
disorders, with the majority of data from open label series [51]. Typically, 100 units 
of Botox is diluted in 4 mL saline. During the EGD, aliquots of 0.5 mL Botox is 
injected in the 4 quadrants at 2 cm above the gastroesophageal junction and 5 cm 
more proximally into the esophagus.

In one series, 29 patients with non-achalasia esophageal motor disorders with 
chest pain as the major complaint were treated with 5 injections of 20 U BTX at 
the EGJ [52]. There was a 62% reduction in the chest pain score 1 month after 
treatment, with a mean duration of response of 6 months, regardless of the under-
lying motility disorder. Dysphagia scores were reduced by 54%, although the 
mean preinjection dysphagia score was low owing to the selection of the patients 
based on chest pain. A subsequent randomized trial included 22 patients with 
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dysphagia- predominant, manometry-confirmed DES or NE [51]. Patients in the 
study group had decreases in total dysphagia and chest pain symptom scores, as 
well as a reduction of unintentional weight loss. Fifty percent of patients had a 
response compared to 10% on placebo (p = 0.04) and 30% had a response at 1 year.

 Gastroparesis

Normal gastric motility is a complex series of events that requires coordination of 
the sympathetic and parasympathetic nervous systems, neurons, and pacemaker 
cells of Cajal within the stomach and the smooth muscle cells. Abnormalities of this 
process can lead to a delay in gastric emptying [53]. Gastroparesis is defined by 
delayed gastric emptying in the absence of a mechanical obstruction. The etiology 
of over half of the patients with gastroparesis is unknown and is classified as idio-
pathic gastroparesis. Both long-standing diabetes mellitus and hyperglycemia are 
associated with delayed gastric emptying. In the former, this occurs through dia-
betic neuropathy, which causes abnormal postprandial proximal gastric accommo-
dation and difficulties with antral motor function [54, 55]. Various medications 
including narcotics and dopamine agonists have also been shown to delay gastric 
emptying [56]. Previous gastric and thoracic surgery can result in gastroparesis due 
to intentional or accidental injury to the vagus nerves [57]. Several common neuro-
logic disorders are associated with gastroparesis, which include multiple sclerosis 
and Parkinson’s disease [58].

The management of gastroparesis can be very challenging, and treatment options 
include dietary changes, prokinetic drugs, antiemetics, jejunal feeding, parenteral 
nutrition, gastric neurostimulation therapy, and surgery [59, 60].

Since the late 1990s, there has been conflicting evidence behind the efficacy of 
intrapyloric botulinum toxin on gastroparesis. The first data on the intrapyloric 
application of Botox in patients with gastroparesis was published in 2002. Injection 
of 100 units of Botox into the pylorus in patients with diabetic gastroparesis showed 
50% improvement in their symptoms and gastric emptying tests [61]. Further, open- 
labeled trials showed promising evidence of improvement of gastric emptying tests, 
symptoms, and SF-36 scores with intrapyloric injection of 200 units Botox [72]. 
Miller et  al. demonstrated effectiveness of repeat injection but at the same time 
raised a question regarding long-term outcomes of the procedure [73]. The largest 
study published to date was a retrospective study of 179 patients including 81 with 
diabetic gastroparesis and 76 idiopathic gastroparesis cases. Overall, there was a 
decrease in symptoms in 51.4% of patients at 1–4 months, 73.4% of patients that 
had a second injection had a response [62]. The only randomized trials came from 
two subsequent studies which each had less than 20 patients in their study arm. 
They failed to report improvement in symptom scores or gastric emptying scans in 
patients who received Botox compared to placebo although there was improvement 
in the treatment arm compared to baseline [63, 64].
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Some authors have emphasized that improvement in gastric emptying has not 
been shown to correlate with symptom improvement in this patient population, and 
the discrepancy between the results of the randomized trials and the open label trials 
may also be secondary to suboptimal dosing of Botox in the randomized trial as 
well as the small sample sizes [65].

Thus, despite the fact that it is currently not recommended by the ACG 
Gastroparesis Guidelines [66], due to the limited availability of treatment options, 
many gastroenterologists consider Botox as a trial therapy before directing patient 
with refractory gastroparesis for more aggressive surgical interventions.

 Sphincter of Oddi Dysfunction

Sphincter of Oddi dysfunction (SOD) refers to a clinical syndrome that occurs 
because of abnormal sphincter of Oddi (SO) contractility. Elevated pressure in the 
sphincter can lead to pancreatitis, chronic right upper quadrant pain, and elevated 
liver function tests. Historically, it was split into three groups, with SOD type III as 
one of the subgroups having only biliary-type pain in the absence of abnormal liver 
enzymes of biliary dilation. Pilot studies showed substantial decrease in the SO 
pressure with the use of Botox injection [67], but there are no placebo-controlled 
studies available formally evaluating the effect of Botox injection on SOD type 
III. One study has shown that 50% of patients receiving Botox for SOD type III had 
some improvement of their pain. It has also served as a predictor to who may 
respond to endoscopic sphincterotomy [68]. However, long-term follow-up on 
patients with SOD type III has shown no benefit from ERCP and sphincterotomy to 
the extent that this subgroup has been discarded from GI functional gastrointestinal 
disorders in the most recent guidelines, the Rome IV criteria [69]. This undermines 
the usefulness of any intervention of the SO (sphincterotomy or Botox) in patients 
with type III SOD.

 Prevention of Pancreatic Fistula

Recently, Botox has been successfully used to temporarily reduce the SO pressure 
after distal pancreatectomy to prevent pancreatic fistula formation. Postoperative 
pancreatic fistula is one of the most common complication after distal pancreatec-
tomy which can occur up to 50% of procedures [70]. Improved drainage of the Vater 
appears to prevent pressure-induced leakage from the pancreatic stump. Previously, 
studies have shown successful prophylaxis by placing a pancreatic stent [71]. In a 
prospective Phase I/II trial, 29 patients had preoperative Botox injection into the 
SOD and had a reduced incidence of fistula formation compared to controls (0% vs 
33%, p < 0.004) without any major or minor side effects [72], although these find-
ings have not yet been replicated [73].
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 Anorectal Disorders

Botox injection has been used for a variety of conditions involving the anal sphinc-
ter including Hirschsprung disease, internal anal sphincter achalasia, severe func-
tional constipation, fecal incontinence, and chronic anal fissure.

Hirschsprung disease (HD) is a congenital birth defect in which there is a lack of 
ganglion cells in the myenteric and submucosal plexus due to a failure of neural 
crest cell migration [74]. The aganglionosis always involves the anus and extends 
proximally a variable distance. It can cause constipation, enterocolitis, bowel 
obstruction, and intestinal perforation and is commonly treated with a pull-through 
surgical procedure which involves surgically removing the affected bowel segment. 
Persistent symptoms of bowel obstruction such as fecal incontinence and enteroco-
litis can develop in patients with HD after a pull-through procedure which is thought 
to be due to a failure of the internal anal sphincter (IAS) to relax. For this patient 
population, IAS myectomy has been the surgical treatment of choice for the past 
several decades, but carries the risk of permanent injury to the IAS, possible fecal 
incontinence, and lack of universal efficacy [75]. In 1997, Langer et al. introduced 
Botox injection into the IAS as a treatment for persistent obstructive symptoms after 
pull-through surgery in patients with HD, avoiding damage to the IAS [76].

A recent meta-analysis of small poor-quality studies revealed heterogeneity in 
the amounts of BT used, ranging from 3–12 IU/kg to a maximum of 200 IU. There 
was a short-term response of 77.3% (68.2–85.2) (I2 = 38.2%; p = 0.13) and overall 
long-term response of 43.0% (26.9–59.9) (I2 = 78.4%; p = 0.0001) [77].

Internal anal sphincter achalasia (IASA) is a disease with similar symptomology 
for which Botox therapy has been investigated. Although there is also a failure of 
relaxation of the IAS, in contrast to Hirschsprung’s rectal biopsies, it does not reveal 
aganglionosis. Despite the paucity of data, this approach is well accepted and stud-
ies have shown favorable results. However, IAS myectomy remains more effective, 
with a meta-analysis revealing that Botox injection had a higher rate of primary 
nonresponse, high relapse rate, and need for subsequent surgery compared to IAS 
myectomy [78].

Dyssynergic defecation, previously termed anismus, paradoxical puborectalis 
contraction, or pelvic outlet obstruction, is a functional anorectal disorder with sev-
eral subtypes and can be present in up to half of patients with chronic constipation 
[79]. It stems from the inability to coordinate the abdominal and pelvic floor mus-
cles to evacuate stools, and this lack of recto-anal coordination may consist of inad-
equate propulsive force, paradoxical anal contraction, or inadequate anal relaxation 
[79]. The first-line treatment is biofeedback therapy, which can have efficacy rates 
of over 70% in well-motivated patients [80]. Injection of Botox into the anal 
sphincter has been tried in several studies but is considered inferior to biofeedback 
due to high rates of symptomatic relapse [81]; however, it does have a role in chil-
dren [80] and may have a role patients with inadequate response to biofeedback 
therapy. For example, one study recruited patients diagnosed with dyssynergia who 
had successfully completed a course of biofeedback therapy with unsatisfactory 
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results. They were then treated with 100u of ultrasound-guided Botox injection in 
the puborectalis and external anal sphincter and were given another course of bio-
feedback therapy. The patients were found to have improved clinical and anorectal 
manometric scores after treatment; however, there was transient fecal incontinence 
and lack of overall subjective patient satisfaction at follow-up [82].

The role of Botox in fecal incontinence has not been well studied. One group 
recruited a heterogenous group of patients (n = 26) with fecal incontinence from a 
variety of causes [83]. Botox injection into the rectum or neo-reservoir (in patients 
that had a proctectomy for rectal cancer) was performed. Median scores on stan-
dardized quality of life and continence scoring system improved significantly; dura-
tion of response for first injection lasted a median of 4.5  months and 46.1% of 
patients required repeat injection due to symptom recurrence. Overall, 69.2% of 
patients expressed satisfaction at 3 months follow-up.

Botox injection of the internal anal sphincter is a well-established therapy for 
chronic anal fissures. An anal fissure is a painful linear ulcer or tear situated in the 
anal canal and extending from just below the dentate line to the margin of the anus 
[84]. If patients fail dietary modifications and topical pharmacological ointments 
such as nitroglycerin or calcium channel blockers, Botox is an option. By blocking 
the inhibitory extrinsic cholinergic innervation to the IAS, Botox relaxes the hyper-
tonic sphincter and facilitates healing, with resolution rates of up to 60–80% 
reported, although the treatment effect only lasts 2–3 months, necessitating retreat-
ment [84].
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Chapter 15
Botulinum Toxin Treatment in Urological 
Disorders

Christopher P. Smith and Michael B. Chancellor

Abstract Botulinum toxin (BoNT) injection has been widely accepted by the urol-
ogy and urogynecology medical communities as a safe and effective treatment for 
refractory urinary incontinence based on two decades of published literature. 
Currently, there are two approved genitourinary indications for botulinum toxin 
within the United States. OnabotulinumtoxinA (onaBoNTA) 200 units for the treat-
ment of urinary incontinence due to detrusor overactivity associated with a neuro-
logic condition (e.g., spinal cord injury, multiple sclerosis) in adults who have an 
inadequate response to or are intolerant to an anticholinergic medication was 
approved by the FDA in 2011. In addition, onaBoNTA 100 units for the treatment 
of overactive bladder with symptoms of urinary incontinence, urgency, and fre-
quency, in adult patients who have an inadequate response to or are intolerant to an 
anticholinergic medication was approved by the FDA in 2013. We will update the 
reader on the latest application of botulinum toxin for urologic indications with a 
focus on bladder injections as well as on potential uses of BoNT in the prostate and 
pelvic floor.
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 Introduction

The first application of botulinum toxin (BoNT) within the genitourinary system 
was not into the bladder but rather the external urethral sphincter. In 1988, Dyskstra 
and colleagues injected BoNT into the skeletal muscle urethral sphincter of spinal 
cord-injured (SCI) patients to treat detrusor sphincter dyssynergia [14]. Just over a 
decade later, Schurch and colleagues revolutionized the care of SCI patients through 
their novel application of BoNT into bladder smooth muscle to treat neurogenic 
detrusor overactivity in 21 SCI patients that failed high-dose anticholinergic medi-
cations [29, 30]. Their clinical success was confirmed by basic science experiments 
by Smith and colleagues that demonstrated that BoNT impaired electrically evoked 
neurotransmitter release from bladder tissue that resulted in diminished bladder 
contractile activity [31, 32]. These early results of exciting and promising initial 
off-label use of BoNT led to a registry trial and two Phase III multicenter, double-
blind, placebo-controlled trials that led to the 2011 regulatory approval of onabotu-
linumtoxinA (onaBoNTA), at 100 and 200  units, for the treatment of urge 
incontinence due to NDO [11, 17]. Subsequently, phase III multicenter trials led to 
the 2013 regulatory approval of onaBoNTA for the treatment of idiopathic overac-
tive bladder (OAB) without neurological diseases and refractory to anticholinergics 
[9, 27].

Other applications for BoNT include benign prostatic hyperplasia (BPH) and 
interstitial cystitis/bladder pain syndrome (IC/BPS). McVary et al. [26] reported on 
a phase 2 randomized clinical trial comparing onaBoNTA 200 U to placebo for the 
treatment of BPH, but no differences were seen in the primary and majority of sec-
ondary outcome parameters. For the treatment of IC/BPS, Kuo and Chancellor [24] 
reported a signal of efficacy in the off-label use of BoNT in the bladder pain score 
in IC/BPS patients. BoNT is currently listed as a fourth-line treatment in the 
American Urological Association guideline for the treatment of IC/BPS [19].

 Neurogenic Detrusor Overactivity

 Clinical Trials

Neurogenic detrusor overactivity (NDO), most common in MS and SCI, but also 
seen in other neurological diseases including stroke and Parkinson’s disease, is 
characterized by the presence of involuntary detrusor contractions (IDC) during fill-
ing cystometry [7]. NDO, particularly in the presence of detrusor sphincter dyssyn-
ergia, can lead to high-pressure obstructed voiding patterns that can place a patient’s 
upper tracts at risk. In addition, incontinence and reduced functional bladder capac-
ity can greatly impair quality of life (QoL). Current frontline treatments for NDO 
using anticholinergic medications are of only modest benefit and fraught with intol-
erable side effects such as dry mouth and constipation as well as concerns on cogni-
tive function [6].

C. P. Smith and M. B. Chancellor
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Cruz et al. [11] published the first regulatory study examining the effect of ona-
BoNTA for NDO. A total of 275 multiple sclerosis (MS) or SCI patients who had 
inadequate response to or were intolerant to ≥1 anticholinergic medication were 
enrolled. These patients were randomized to receive onaBoNTA 200 U (n = 92), 
onaBoNTA 300 U (n = 91), or placebo (n = 92). Results are presented comparing 
onaBoNTA 200 U to placebo since FDA regulatory approval was given for 200 U 
dose. By week 6, mean weekly urge incontinent episodes had decreased by 21.8 in 
the onaBoNTA 200 U group compared to a decrease of 13.2 in the placebo group 
(p < 0.05). The proportion of patients with a ≥50% reduction in weekly urge incon-
tinence symptoms (i.e., clinically significant change) was significantly greater in 
patients receiving 200 U onaBoNTA vs. placebo (77.2% vs. 39.1%, respectively). In 
addition, full continence (“dry”) was achieved in 38% of patients in the 200 U group 
compared to only 7.6% of placebo-treated patients (p < 0.05). Median duration of 
effect was 9–10 months in the onaBoNTA-treated group vs. 3 months in placebo- 
treated patients. No significant difference in efficacy was observed between 200 U 
and 300 U onaBoNTA groups. The main adverse events were urinary tract infec-
tions (UTIs) and urinary retention resulting in the need for clean intermittent cath-
eterization (CIC). Urinary tract infection rates were similar across all treatment 
groups in SCI patients in whom 91.6% were using CIC at baseline. However, UTI 
rates in MS patients were linked not only with onaBoNTA dose but also with the 
need for CIC suggesting that initiation of CIC and not necessarily onaBoNTA itself 
was more responsible for the risk of developing a UTI. Overall, CIC was initiated in 
12% of placebo patients, 29.5% of 200  U onaBoNTA, and 42.2% of 300  U 
onaBoNTA- injected patients.

Ginsberg and colleagues reported on the second large phase 3 trial in MS and 
SCI patients with NDO who received either placebo (n = 149), onaBoNTA 200 U 
(n = 135), or onaBoNTA 300 U (n = 132) [17]. Mean weekly urinary incontinence 
(UI) episodes decreased by 21  in the onaBoNTA 200  U group compared to a 
decrease of 9 in the placebo group (p < 0.05). In addition, 75% of onaBoNTA 200 U 
group achieved a 50% or greater reduction in weekly UI episodes compared to 38% 
in the placebo group. Moreover, a significantly larger proportion of onaBoNTA 
200  U-treated patients were fully continent following treatment compared to 
placebo- injected patients (i.e., 36% vs. 10%, respectively). The mean increase in 
maximum cystometric capacity was 151 ml in the onaBoNTA 200 U group com-
pared to an increase of 16 ml in placebo patients. Maximum detrusor pressures were 
reduced by 69% in the onaBoNTA 200 U group vs. 9.5% in the placebo-treated 
patients. The median duration of effect was similar to the earlier trial of Cruz and 
colleagues (i.e., 8–9 months in the onaBoNTA 200 U group vs. 3 months in the 
placebo group). The main adverse events were UTIs and the need for CIC. CIC rates 
showed a dose-dependent response to onaBoNTA injection (i.e., placebo 10%, ona-
BoNTA 200 U 35%, onaBoNTA 300 U 42%). However, the need for CIC did not 
negatively impact clinical outcomes as improvements in quality of life (I-QoL) 
scores were similar in patients with or without the need for CIC. UTI rates were 
similar in all SCI groups but were higher in MS patients treated with onaBoNTA 
and presumably related to the concurrent increased need for CIC with onaBoNTA 
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injection. Muscle weakness was seen in 7 patients treated with onaBoNTA 300 U 
and 4 patients each in placebo and onaBoNTA 200 U groups. No neutralizing anti-
bodies against onaBoNTA were observed after treatment.

Denys et al. [12] reported the efficacy and safety of two administration modes of 
bladder injection of abobotulinumtoxinA (aboBoNTA) 750 U in patients suffering 
from refractory NDO in a randomized placebo-controlled phase 2 study. Forty-
seven MS or SCI patients were treated with 15 or 30 bladder injections of aboB-
oNTA 750 U or placebo. The primary end point was the change from baseline in the 
mean number of daily incontinence episode frequency (IEF) at 12 weeks. In both 
injection groups, the mean decrease in IEF was greater in the aboBoNTA- treated vs. 
placebo groups but it did not reach statistical significance (p  >  0.05). However, 
increases in maximum cystometric capacity and reduction in maximum detrusor 
pressure were significantly greater in both aboBoNTA groups compared to their 
respective placebo groups. No difference in effect was observed between the two 
injection groups of aboBoNTA. Thus, the authors concluded that reduction to 15 
injection sites did not appear to be associated with any impact on efficacy.

 Repeated Injections

Kennelly and colleagues reported on the results of an open-label 3-year extension of 
the phase III trial of onaBoNTA for NDO [22]. Three hundred ninety-six patients 
entered the extension study, and 68 patients received six injections over a 4-year 
period. The authors showed persistent benefits of onaBoNTA 200 U with time. The 
mean reduction in UI episodes/day ranged from 3.2 to 4.1 over all six injections. 
Between 83.2% and 91.3% of patients demonstrated ≥50% reduction in UI epi-
sodes and between 43.4% and 55.6% of patients were totally continent after treat-
ment 1–6. The incidence of UTIs ranged from 14.3% to 27.6% and the finding of 
urinary retention varied between none and 20.2%. Both UTI and urinary retention 
risk decreased with each treatment cycle. In addition, onaBoNTA was shown to be 
a durable treatment as the duration of response remained steady at 9 months follow-
ing injection. Table 15.1 summarizes the results of NDO trials using onaBoNTA.

Table 15.1 Effect of OnaBoNTA in reducing urinary incontinence in NDO patients

Author Trial type
≥50% reduction in UI 
episodes

100% reduction in UI 
episodes

Cruz et al. [11] Phase III 77% 38%
Ginsberg et al. 
[17]

Phase III 75% 36%

Kennelly et al. 
[22]

Open-label 3-year 
extension

83–91% 43–56%

OnaBoNTA onabotulinumtoxinA, UI urinary incontinence, NDO neurogenic detrusor overactivity
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 Overactive Bladder

Overactive bladder (OAB) is defined as urinary urgency, with or without urge uri-
nary incontinence (UUI), usually accompanied with urinary frequency and nocturia 
[3]. The prevalence of OAB in the general population is 12–17%, and about half of 
OAB patients have incontinence [35]. The current guidelines for the management of 
OAB lists first- and second-line therapies as behavioral therapies and pharmaco-
therapy, respectively [18]. A meta-analysis of several RCTs of different anticholin-
ergic drugs used for the treatment of OAB demonstrated improvements in both 
symptoms and QOL [8]. Unfortunately, most individuals discontinue anticholiner-
gic therapy because of either inadequate long-term efficacy and/or intolerable side 
effects.

Nitti and colleagues presented results from the first phase 3 trial in 557 patients 
with refractory idiopathic OAB randomized to receive either onaBoNTA 100 U or 
placebo bladder injections [27]. At 12-week follow-up, the investigators found that 
patients receiving onaBoNTA had a 47.9% reduction in mean daily urge inconti-
nence episodes vs. a 12.5% reduction in placebo-treated patients. Moreover, 57.9% 
of patients injected with onaBoNTA had ≥50% reduction in their urge inconti-
nence symptoms and 22.9% were totally continent, compared to 28.9% and 6.5%, 
respectively, in the placebo group. The most common adverse events were UTIs 
(15.5% in the onaBoNTA group vs. 5.9% in the placebo group) and incomplete 
emptying resulting in the need for CIC (6.1% in the onaBoNTA group vs. 0% in the 
placebo group). The duration of CIC was less than or equal to 6 weeks in 59% of 
patients.

Improvements in other symptoms of overactive bladder, daily frequency of uri-
nation, and the amount of urine voided also occurred with onaBoNTA treatment 
compared to placebo at week 12. A second European-based randomized clinical 
trial in 548 patients comparing onaBoNTA 100 U to placebo showed comparable 
results [9]. At 12 weeks following injection, onaBoNTA-treated patients had a sig-
nificantly greater reduction in daily incontinence episodes compared to the placebo 
group (53.1% vs. 16.8%). The most common adverse events were UTIs and the 
need for CIC demonstrated in 20.4% and 6.9% of onaBoNTA patients, respec-
tively, compared to 5.2% and 0.7% of placebo-treated patients, respectively 
(Table 15.2).

Table 15.2 Incidence of most frequent adverse events in NDO and OAB randomized trials

Author Patient type Dose of onaBoNTA(U) UTI (%) CIC (%)

Cruz et al. [11] NDO 200 28 30
Ginsberg et al. [17] NDO 200 28 35
Nitti et al. [27] OAB 100 16 6
Chapple et al. [9] OAB 100 20 7

OnaBoNTA onabotulinumtoxinA, UTI urinary tract infection, CIC clean intermittent catheteriza-
tion, NDO neurogenic detrusor overactivity, OAB overactive bladder
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 Repeated Injections

Durable efficacy and safety of onaBoNTA was demonstrated in a 3-year open label 
extension trial of two initial phase 3 randomized trials [28]. Four hundred thirty 
patients completed the 3-year extension study, and 33 patients received 6 treatments 
with onaBoNTA 100 U. The decrease in mean daily urge incontinence episodes 
ranged from 3.1 to 3.8 after each treatment with a median duration of effect of 
7.6  months. Treatment duration greater than 12  months was seen in 28.5% of 
patients. The need for CIC was 4% after the first treatment cycle but this number 
decreased with each subsequent treatment cycle. No patient experienced serocon-
version after receiving the 100 U dose. Patients with diabetes mellitus treated with 
onaBoNTA were twice as likely to develop urinary retention and require CIC. The 
most frequent adverse events of NDO and OAB trials using onaBoNTA are sum-
marized in Table 15.2.

 Comparative Trial

The U.S. National Institute of Health sponsored a comparative study between ona-
BoNTA vs. neuromodulation [4]. For this study, conducted at nine centers, only 
women with refractory urgency urinary incontinence were randomized to an injec-
tion of onaBoNTA (n  =  192) or sacral neuromodulation (n  =  189). Of the 364 
women, mean age 63  years, the onaBoNTA group had a statistically significant 
greater reduction in a 6-month average number of episodes of urgency incontinence 
per day than did the sacral neuromodulation group (−3.9 vs. −3.3 episodes per day). 
There were no cases of urinary retention with sacral neuromodulation while ona-
BoNTA increased the risk of UTI, retention, and need for self-catheterization. 
Although subjects treated with onaBoNTA noted greater improvement for symptom 
bother and treatment satisfaction than neuromodulation, there was no significant 
difference for quality of life or for measures of treatment preference, convenience, 
or adverse effects. A more recent publication compared economic costs between 
these two treatment modalities at a primary time point of 2 years and secondary 
time point at 5 years [20]. In both cases, onaBoNTA 200 U was a more cost-effec-
tive treatment than sacral neuromodulation for urge urinary incontinence 
(Table 15.3).

Table 15.3 Economic costs of onaBoNTA 200  U vs. two-stage neuromodulation in patients 
enrolled in ROSETTA trial [20]

Treatment 2-year economic cost 5-year economic cost

OnaBoNTA $35,680 $7460
Sacral neuromodulation $36,550 $12,020

OnaBoNTA onabotulinumtoxinA, ROSETTA Refractory overactive bladder: Sacral 
NEuromodulation vs. BoTulinum Toxin Assessment
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 Pediatric Uses

 Spina Bifida

The most common use of BoNTA in pediatrics is in patients with spinal dysraphism. 
A recent multicenter study detailed results of onaBoNTA (98%) or aboBoNTA 
(2%) injections in 53 patients with spina bifida [21]. The investigators found 
improvements in compliance (9.9 cm/H2O to 16.3 cm/H2O) and maximum cysto-
metric capacity following BoNTA treatment although maximum detrusor pressure 
was not significantly reduced. One subcategory (poor bladder compliance without 
detrusor overactivity) showed no significant improvement in any urodynamic 
parameter following BoNTA treatment suggesting that the bladder dysfunction may 
be related to bladder fibrosis and more appropriately treated with bladder augmenta-
tion surgery.

 Non-neurogenic DO

Recent interest in use of onaBoNTA in the pediatric population has extended to non- 
neurogenic patients. Bayrak and colleagues demonstrated reductions in urinary fre-
quency, urge incontinence, and increases in bladder capacity in patients with 
non-neurogenic detrusor overactivity [5]. Moreover, vesicoureteral reflux disap-
peared in 50% of patients and was reduced in 30% of patients following onaBoNTA 
injection. Patients with VUR had higher pretreatment detrusor contractile pressures 
and poorer compliance compared to patients without VUR.

 External Urinary Sphincter

There are one Class I and two Class II studies of BoNT in detrusor sphincter dys-
synergia (DSD) [13–15]. In the Class I study, the effects of BoNT vs. placebo was 
studied on DSD in 86 patients with multiple sclerosis (MS) [15]. The study employed 
a single transperineal injection of onaBoNTA, 100 U in 4 mL normal saline, or 
placebo, into the striated sphincter with EMG guidance. A single injection of BoNT 
did not decrease residual urine volume in this group of MS patients. These findings 
differ from those in patients with spinal cord injury and may be due to lower detru-
sor pressures observed in patients with MS. The American Academy of Neurology 
recommends BoNT to be considered for DSD but recognizes the limited head-to- 
head comparisons of treatment options in DSD. Kuo [23] evaluated the effects of 
onaBoNTA urethral injection in 27 patients with idiopathic low detrusor contractil-
ity. Detrusor contractility recovered in 48% of those treated. Patients with normal 
bladder sensation combined with poor relaxation or hyperactive urethral sphincter 
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activity were most likely to respond to urethral injections with ona-
BoNTA. Complications of BoNT injection into the external sphincter are rare except 
for transient stress urinary incontinence. In 38% of patients, the therapeutic effect of 
restoring detrusor contractility lasted over 1 year.

 Pelvic Floor Injections

Ghazizadeh and Nikzad [16] injected 150–400 U of aboBoNTA into the levator ani 
of 24 women with refractory vaginismus. Symptoms significantly improved such 
that 75% of patients could have satisfactory intercourse. In contrast, a double-blind 
randomized clinical trial of onaBoNTA vs. saline in 60 patients with 2 years or more 
of chronic pelvic pain that received either onaBoNTA 80 U (20 U/ml) or normal 
saline injections into the puborectalis and pubococcygeus muscles [1] showed 
mixed results. After 26 weeks of follow-up, quality of life measures were improved 
in both the onaBoNTA and placebo groups, but the difference between onaBoNTA 
and placebo groups did not reach statistical significance.

However, the authors found a reduction in resting pelvic muscle tone in women 
injected with onaBoNTA compared to placebo (p < 0.001), and this translated into 
significant improvements in both dyspareunia (p < 0.001) and nonmenstrual pelvic 
pain (p = 0.009). Adelowo et al. [2] reported on their experience using onaBoNTA 
(100 U–300 U) in 29 women with chronic myofascial pelvic pain. In this retrospec-
tive study, the authors placed several onaBoNTA 10 U injections (total 300 U) into 
the pelvic floor muscles. Pain improvement was seen in 79% of patients at <6 weeks 
postinjection. After a median of 4 months from the first injection, 52% requested 
repeat onaBoNTA. Urinary retention (defined by PVR > 100 ml) and fecal inconti-
nence resulted in 3 patients and 2 patients, respectively, and these AEs completely 
resolved. Larger placebo-controlled RCTs and patient-reported outcomes are 
needed to support the use of onaBoNTA for women with myofascial pelvic pain 
refractory to standard pelvic floor physical therapy.

 Benign Prostatic Hyperplasia (BPH)

Application of BoNT to treat BPH was reported by Maria et al. [25]. Thirty men 
with symptomatic BPH were randomized to receive either 200 U of onaBoNTA 
(n-15) or placebo saline injection (n = 5). OnaBoNTA 100 U in 2 ml of saline or 
saline alone in the placebo arm was injected into each lobe of the prostate through 
the perineum via a 22-gauge spinal needle with transrectal ultrasound guidance. 
Clinical improvement was evident after 1 month. The investigators noted that the 
American Urological Association symptom score, a common index for the assess-
ment of BPH, decreased by 65% compared to baseline in the onaBoNTA patients 
(p = 0.00001). Also, maximum flow rate increased from 8.1 to 14.9 mL/sec with 
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onaBoNTA (p = 0.00001). There was no significant improvement in patients injected 
with saline alone. No urinary incontinence or systemic side effects were reported 
over the 18-month follow-up.

Chuang et al. [10] stratified drug treatment refractory BPH with either prostate 
size <30 grams or >30 grams and injected them with either 100 U onaBoNTA or 
200  U onaBoNTA, respectively, via ultrasound-guided perineal injection. At 
12  months, the percent improvements in International Prostate Symptom Score 
(IPSS), maximum flow rate, and post void residual urine volume were similar to 
those of Maria et al. [25], except that the percent shrinkage of prostate size was 
substantially smaller (13–19% vs. 61%). In 29% of men there was no change in 
prostate volume, yet 58% of these men still had a >30% improvement in IPSS, 
maximum flow rate, and post void residual urine volume, suggesting that ona-
BoNTA may relieve BPH symptoms by an effect on sensory nerve pathways rather 
than reducing the prostate size alone.

McVary et al. [26] performed a phase 2 multicenter, placebo-controlled, random-
ized clinical trial using a onaBoNTA 200 U to treat men with BPH and moderate 
lower urinary tract symptoms. The men had an IPSS of 14 or >, a maximum flow 
rate of 4–5 mL/sec, and a post void residual urine volume ≤200 ml; 315 men were 
randomized to either onaBoNTA 200 U (n = 158) or placebo (n = 157). The primary 
end point was the change from baseline in IPSS at week 12. Although a significant 
decrease from baseline in IPSS was seen with both onaBoNTA (−6.3 points) and 
placebo (−5.6 points), there was no difference between the groups; however, ona-
BoNTA showed efficacy over placebo in improving maximum flow rate at week 6 
postinjection (p ≤  0.01). The most common adverse events in both groups were 
hematuria and hematospermia. The authors concluded that intraprostatic injection 
of onaBoNTA was not more efficacious compared to placebo in improving lower 
urinary tract symptoms and the commercial development of onaBoNTA for BPH 
indication was subsequently stopped at this time.

 Bladder Pain

Interstitial cystitis/bladder pain syndrome (IC/BPS) is defined as pain perceived to 
be related to the urinary bladder, associated with lower urinary tract symptoms 
greater than a 6-month duration, in the absence of infection or other identifiable 
causes [24]. The first report using BoNT as a therapeutic was a case series of 13 
women with NIDDK-defined IC [33]. The patients underwent submucosal transure-
thral injections of 100–200 U of abobotulinumtoxinA (7 patients) or onaBoNTA 
100 U (6 patients) into 20–30 sites in the trigone and bladder base. Validated ques-
tionnaire (Interstitial Cystitis Symptom Index, Interstitial Cystitis Problem Index) 
or voiding charts and a visual analog pain scale were evaluated at baseline, 1-month, 
and subsequently at 3-month intervals. Statistically significant improvements in fre-
quency, nocturia, and pain were observed 1 month following treatment, with 
improvements in first desire to void and cystometric capacity in those patients so 
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evaluated. Onset of symptom relief was 5–7 days following treatment, and mean 
duration of symptom relief was 3.7 months. These results were supported by basic 
science experiments demonstrating that onaBoNTA reduces urothelial release of 
ATP in chronic bladder inflammation [34].

Kuo and Chancellor [24] performed a randomized trial in IC/BPS patients com-
paring bladder hydrodistention (HD) with either 100  U or 200  U doses of ona-
BoNTA vs. hydrodistention alone. At 3  months, the bladder pain visual analog 
scale, functional bladder capacity, cystometric bladder capacity, and global response 
assessment significantly improved only in the onaBoNTA groups vs. the control 
group. The 200 U dose did not provide better efficacy compared to 100 U, and there 
were more side effects, including urinary retention, with using 200  U ona-
BoNTA. These studies suggest a potential promising effect of botulinum toxin for 
treating bladder pain.

 Conclusion

The use of botulinum toxin for the treatment of neurogenic and refractory idiopathic 
overactive bladder has resulted in improved continence and quality of life. The 
intraprostatic injection of botulinum toxin for benign prostatic hypertrophy to date 
has not shown efficacy in improving lower urinary tract symptoms. Treating detru-
sor sphincter dyssynergia, myofacial pain, and interstitial cystitis/bladder pain syn-
drome with botulinum toxin have showed some promising results in controlled 
trials but they are currently an off-label use of the product. Application of botulinum 
toxin for lower urinary tract dysfunction is exciting, expanding, and evolving. We 
believe there will be further exciting advances in the application of botulinum toxin 
in the genitourinary system in the near future.
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Chapter 16
Botulinum Toxin Treatment in Dentistry

Victor Ricardo Manuel Muñoz Lora and Altair Antoninha Del Bel Cury

Abstract In dentistry, botulinum toxin type A (BoNT/A) is already approved for 
the treatment of sialorrhea by the US Food and Drug Administration (FDA) and 
European Union (EU). However, following the American Academy of Neurology 
guidelines, BoNT/A can be considered as an effective treatment for trigeminal neu-
ralgia and as a probably effective approach for temporomandibular disorders and 
bruxism. In this chapter, we described all the possible evidence-based applications 
of BoNT/A in dentistry and presented a clinical guide for the use of the neurotoxin 
in each condition according to high-quality studies found in literature.

Keywords Botulinum toxins · Temporomandibular joint disorders · Bruxism · 
Trigeminal neuralgia · Sialorrhea

Similar to other medical fields, the use of botulinum toxins (BoNTs) in dentistry is 
widely increasing, with numerous practitioners offering BoNTs as a treatment for 
different conditions [1]. Historically, British Columbia dentists were among the first 
to appreciate the therapeutic properties of BoNTs and integrate its use in dental 
practice. Up to now, sialorrhea is the only condition in the field of dentistry, for 
which the use of BoNT type A (BoNT/A) has been approved by the US Food and 
Drug Administration and European Union [2]. Although the legal status of BoNT/A 
utilization in other countries is less known, the toxin is frequently employed off- 
label (e.g., the use of a pharmaceutical drug in a manner not specified in the packag-
ing label – not approved by the regulatory agencies) for diverse chronic conditions [3].

Currently, several studies have proven the muscular, analgesic, and anticholiner-
gic effects of BoNT/A. In addition, clinical trials and reviews [3–6] have suggested 
the efficacy of BoNT/A on the control or treatment of temporomandibular disor-
ders, bruxism, trigeminal neuropathic pain, and the already registered sialorrhea 
(see Table 16.1). It is noteworthy that the therapeutic action of BoNT/A in the tri-
geminal region is of major interest in dentistry due to the high prevalence of the 
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aforementioned conditions and the limited success rate of the currently existing 
therapies [7].

Considering that the reason to not recommend a treatment is supported on its 
ineffectiveness, harmfulness, or just the lack of well-designed and well-powered 
evidence-based studies [8, 9], in this chapter we describe all the possible benefits of 
the therapeutic usage of BoNT/A on chronic conditions related to dental medicine, 
as well as an evidence-based clinical guide for the application of the toxin. Also, we 
relate the possible side/adverse effects associated to single or continuous applica-
tions of BoNT/A in the orofacial area.

 Botulinum Toxin Type A and Temporomandibular Disorders

Temporomandibular disorders (TMDs) represent a set of different conditions 
involving the temporomandibular joint (TMJ), masticatory muscles, and/or associ-
ated structures. The prevalence of TMD varies widely among the general population 
and studies have reported that almost 33% of individuals present at least one symp-
tom of these conditions, including tenderness of the masticatory muscles, TMJ 
sounds, functional limitation of jaw opening, and pain of the masticatory muscles or 
TMJ [10, 11]. Furthermore, TMDs are also associated with high levels of psychoso-
cial impairments and a high prevalence of psychosocial disorders (e.g., anxiety, 
depression, stress, etc.) [12–14].

The etiology of TMDs is complex and multifactorial, with different systemic and 
local risk factors reflected in the fluctuating and self-limiting nature of the disorder. 
Also, positive comorbid relationships between TMDs and cervical spine dysfunc-
tion, headaches, fibromyalgia, and other conditions are not uncommon, complicat-
ing the diagnosis, treatment, and prognosis of the disorder [15]. For all these reasons, 
a multidisciplinary approach comprising conservative and less invasive treatments 
is always suggested.

Currently, the available treatments for TMDs aim to control pain symptomatol-
ogy and recover lost jaw functions. Existing therapies include the use of oral splints, 
counseling, physical therapy, laser therapy, and pharmacotherapy with muscle 
relaxants, benzodiazepines, and antidepressants. However, although all these 
approaches have been extensively studied, a moderate success rate with limited out-
comes is frequently reported, leading to the necessity of novel long-lasting and 
efficient therapeutic modalities [16, 17].
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 Preclinical Evidence and Mechanism of Action

A variety of animal models reproducing TMJ pain are frequently employed to study 
the effects of BoNT/A in TMDs. In a rat model of intra-articular application of 
complete Freund’s adjuvant to provoke inflammatory pain in the TMJ, BoNT/A 
decreased the evoked allodynia after intra-articular and ganglion injections, proving 
its effectiveness on pain related to the TMJ [18]. A model of inflammatory arthritis- 
induced nociception in the TMJ of rats was used in another experimental study [19], 
and the affected TMJ was treated with different doses of BoNT/A (3.5, 7, and 14 U/
kg), which reduced the pain-like behaviors evoked by the induced persistent pain. 
The outcomes of this study also demonstrated that the toxin diminished the levels of 
substance P, calcitonin gene-related peptide, and interleukin-1β, all of which are 
partially associated with pain and inflammation.

Collectively, these findings led to the suggestion that the effectiveness of BoNT/A 
for TMDs is based on an analgesic activity produced by the decrease of different 
neuromodulators (e.g., substance P, glutamate, calcitonin gene related peptide, pro- 
inflammatory cytokines, among others). Nevertheless, a neuromuscular action of 
the toxin due to the inhibition of acetylcholine release from nerve endings may also 
contribute to pain relief when a muscle hyperactivity is associated with the TMD 
(e.g., bruxism) [4].

 Evidence-Based Clinical Effectiveness

Over the past several years, BoNT/A has been widely studied and used for the treat-
ment of TMDs, especially when it is associated with masticatory muscle pain 
(MMP). Although the neuroparalytic effect of BoNT/A was considered to be the 
responsible factor for its clinical efficacy in the control of TMDs, current data 
mainly associates its therapeutic effectiveness to an independent analgesic 
 activity [20].

To date, published investigations about the management of myogenic TMDs 
using BoNT/A have shown inconsistent results. Administration of the toxin into 
masticatory muscles (i.e., masseter, temporalis, and external pterygoid) has been 
used in patients diagnosed with TMDs related to MMP [21, 22]. In these cases, a 
decrease of the electromyographic activity of the treated muscles, reduction of asso-
ciated pain, and a notable improvement of the psychological status were reported. 
These studies concluded that, based on the obtained results, BoNT/A can be consid-
ered as a valid therapeutic approach for the treatment of myogenic TMDs. 
Conversely, in a multicenter investigation involving patients diagnosed with persis-
tent MMP [23], a clinically significant reduction of pain (i.e., 30% less pain) was 
obtained after BoNT/A injections; however, this analgesic effect was also achieved 
by a placebo solution containing sterile saline. In this particular study, the results 
were considered insufficient to contemplate the toxin as an effective treatment for 

16 Botulinum Toxin Treatment in Dentistry



314

TMDs, and the reduction of pain was explained as a placebo effect attributed to the 
needling during application of the treatments. However, it is important to mention 
that the treatment of just one of the masticatory muscles (masseter) instead of two 
(masseter and temporalis) and the small sample size were considered as limitations 
of the investigation and possibly influenced the outcomes of the study.

Since most of the shortcomings found in research frequently include a low num-
ber of participants and the lack of delivery protocols and standardized doses, a large 
randomized, double-blind, controlled clinical trial assessing the efficacy of different 
doses of BoNT/A on persistent MMP was recently conducted [24]. This study 
showed that BoNT/A was at least as effective as an oral splint (considered as the 
gold standard treatment for myogenic TMDs) and more effective than a placebo 
(injection of saline solution) to relieve the pain associated with TMDs. The side 
effects following BoNT/A injections were also evaluated throughout the study and 
are described in Section “Adverse Effects/Reactions of BoNT/A Application on 
Dentistry-Related Conditions” of this chapter.

Considering all the available information regarding the use of BoNT/A for 
TMDs, it seems like the toxin can be contemplated as a promising alternative to 
control the associated chronic pain in these disorders. However, more high-quality 
and well-designed studies still have to be conducted to corroborate the effectiveness 
of BoNT/A and investigate its possible side effects.

 Clinical Guide for the Application of BoNT/A for TMDs

Most of the randomized, controlled, clinical trials using BoNT/A for the treatment 
of TMDs have reported administration of diverse doses and delivery protocols. 
Doses of BoNT/A have ranged from 50 to 300 U in different studies and injections 
into one, two, or even three masticatory muscles have been suggested [3, 25, 26]. 
Recently, a large study conducted by a Brazilian group in a population diagnosed 
with chronic myogenic TMDs [24] employed different doses of BoNT/A (low, 
medium, and high dose) to evaluate its efficacy on pain reduction and to assess its 
possible adverse effects. The results showed that lower doses of BoNT/A injected 
into two muscles (30 U masseter and 10 U temporalis) were as effective as higher 
doses (75 U masseter and 25 U temporalis) and similar to oral splints (used as a 
positive control) to reduce pain. This research suggests that the analgesic activity of 
BoNT/A is not dose-dependent, opposite to its neuromuscular action. Indeed, more 
studies are needed to explain the dose–response relationship and the longer durabil-
ity of the effects on sensory nerves.

So far, no studies have compared the effectiveness of BoNT/A using single vs 
multiple injections on masticatory muscles for the treatment of TMDs. However, 
injections into the masseter and anterior temporalis are recommended, as they are 
considered two of the main masticatory muscles and are frequently affected in myo-
genic TMDs. Although applications of BoNT/A on pterygoid muscles have also 
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been reported using electromyographic guidance, its complex anatomical position 
makes it difficult to properly place the needle, increasing the possibility of reaching 
nearby structures and developing undesirable side effects. Furthermore, bilateral 
applications are recommended to avoid facial asymmetry due to the neuromuscular 
paralysis effect of the toxin (Figs. 16.1, 16.2 and 16.3).

It is also important to consider that after injection, the toxin is primarily distrib-
uted within the muscle by convection (i.e., the fluid volume and the force of injec-
tion determine the bulk movement of the solution) rather than by diffusion (i.e., 
spread of the solution from the initial site) [27]. For this reason, it is suggested that 
injections be administered into 4–5 different points, evenly distributed within each 
muscle with approximately 10-mm separation between each point so that they cover 
the majority of the muscular area.

In brief, based on scientific evidence, when BoNT/A is contemplated for the 
treatment of TMDs, we recommend a bilateral application of low doses of the toxin, 
i.e., 30 U masseter/10 U temporalis, evenly distributed within 4 to 5 points on each 
treated muscle (Table 16.2 and Fig. 16.1).

 Botulinum Toxin Type A and Bruxism

Bruxism is “a repetitive masticatory muscle activity characterized by clenching or 
grinding of the teeth and/or bracing or thrusting of the mandible,” as defined during 
the last international consensus meeting on the assessment of bruxism [28]. During 
this meeting, a grading system to diagnose bruxism as “possible,” “probable,” or 
“definitive” was also suggested. Additionally, bruxism was divided according to 
two different circadian manifestations into sleep bruxism (SB), which is associated 

Fig. 16.1 Application points on the anterior temporalis and masseter muscles for bruxism and/or 
TMDs
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with nocturnal microarousals and is considered a sleep-related behavior, and awake 
bruxism (AB). The prevalence of bruxism in adult populations varies from 8% to 
15% for SB and 22% to 30% for AB [29].

The continuous or repetitive contraction of masticatory muscles during bruxism 
is considered a risk factor for mechanical tooth wear, muscle and/or joint pain, joint 
blockage and noises, and prosthodontic/implant complications. Current therapies 
for bruxism are based on conservative strategies and focused on the management of 
the possible clinical consequences such as tooth wear, TMJ damage, and/or exces-
sive muscle activity reduction [29, 30]. Oral appliances are an effective and widely 
used approach to control bruxism; unfortunately, there is insufficient scientific evi-
dence supporting their long-term use [31, 32]. In the same manner, pharmacother-
apy with muscle relaxants and centrally acting drugs is employed to decrease the 
masticatory force and frequency of the episodes, in order to reduce or prevent pos-
sible damage to oral structures [30].

Fig. 16.2 BoNT/A injection into the masseter muscle

Fig. 16.3 BoNT/A injection into the anterior temporalis muscle
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 Preclinical Evidence and Mechanism of Action of BoNT/A 
for Bruxism

The therapeutic effectiveness of BoNT/A on bruxism is based on the decrease of 
muscle activity/force of the masticatory muscles (masseter, temporalis, pterygoid). 
It is well known that intramuscular injections of BoNT/A cause long-lasting and 
dose-dependent muscle paralysis; hence, it is valid to consider the toxin as a feasible 
approach to control bruxism [4, 33].

In vivo models resembling bruxism are not reported in the literature. In an 
attempt to assess the impact of BoNT/A on masticatory muscles and its possible 
adverse/side effects, unilateral injections of the toxin into the masseter of rabbits 
were performed [34]. The results showed a reduction of the electromyographic 
activity due to the paralysis of the treated muscles. Surprisingly, the chewing capac-
ity of the animals was only slightly altered by BoNT/A, probably because of com-
pensation by different masticatory muscles such as the medial pterygoid. An 
important observation was the reduction of muscle force and the presence of 
severely decreased bone quantity and quality in the underloaded locations. Although 
muscle force returned to basal values after 12 months, bone loss persisted until the 
end of the study.

All these data suggest that applications of BoNT/A can reduce masticatory mus-
cle loading and decrease the severity of bruxism events. On the other hand, a pos-
sible long-term usage of the toxin and interference on masticatory muscle loading 

Table 16.2 Evidence-based clinical guide for BoNT/A applications on dentistry-related conditions

Condition Dosea

Delivery 
route

Application 
points Expected outcomes

TMDs 30 U/masseter
10 U/anterior 
temporalis

Intramuscular 4–5 points 
within each 
muscle

Reduction of pain
Improvement of 
psychological status

Bruxism 25–70 U/
masseter
10–30 U/
anterior 
temporalis

Intramuscular 4–5 points 
within each 
muscle

Reduction of pain  
(if present)
Reduction of muscle force
Improvement of sleep time
Reduction of muscle size 
(when masseter hypertrophy 
is associate)

Trigeminal 
neuralgia

25 U Intradermal
Subcutaneous
Submucosal

Distributed on 
painful site

Reduction of pain
Reduction of the number of 
paroxysms
Improvement of 
psychological status

Sialorrhea 30 U/parotid
20 U/subman

Intraglandular 1 point on each 
gland

Reduction of salivary flow

aResearch suggests a dose conversion of 1:3 U from BoNT/A to abobotulinumtoxinA (Dysport, 
Ipsen®) [93]. However, since units are not interchangeable, it is recommended to follow manufac-
turer’s dose guidelines
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may compromise the mechanical properties of the TMJ and the mandibular bone 
[34–36]. However, there is still a lack of strong evidence supporting these possible 
side effects.

 Evidence-Based Clinical Effectiveness

The existing knowledge regarding the use of BoNT/A in the control of bruxism is 
based mostly on a few randomized clinical trials [4, 37] and low-quality research 
[33]. Most studies have included only SB populations, since data regarding AB is 
available only from retrospective self-reports at single observation points [38], 
impeding the development of well-designed studies. A recently published system-
atic literature review on the applications of BoNT/A for SB [4] presented the toxin 
as a possible approach for controlling SB repercussions, minimizing symptoms and 
reducing the contraction of masticatory muscles. However, since the pathophysiol-
ogy of bruxism is still uncertain [39], a direct action of this toxin on the cessation of 
bruxing activity is still unknown.

The therapeutic efficiency of BoNT/A for bruxism is based on decreasing con-
traction of the masticatory muscles [3, 40, 41], including masseter, anterior tempo-
ralis, and in some cases, lateral pterygoid. However, the analgesic properties of 
BoNTs are also important when the behavior is accompanied by pain.

Searching through the literature, we found a recently published high-quality ran-
domized study assessing the efficacy of BoNT/A on SB.  In this double-blind 
placebo- controlled trial [42], 23 patients diagnosed with SB by polysomnography 
were included. Applications of BoNT/A into the masseter (60 U) and temporalis 
(40 U) muscles reduced the number of bruxism events and tended to improve the 
total sleep time after 4 weeks. Additionally, a different study [43] also showed a 
decrease in the number of sleep events after bilateral masseteric injections of 
BoNT/A (80 U; Dysport, Ipsen®). This effect was maintained for up to 12 weeks; 
however, the small number of patients (6 bruxers and 6 healthy controls), the 
absence of a validated diagnostic criteria, and the treatment of just 1 masticatory 
muscle (masseter) suggest that these results should be interpreted cautiously.

Paralysis of masseter using BoNT/A was also suggested in cosmetics for the 
treatment of benign masseteric hypertrophy, a bilateral or unilateral condition attrib-
uted to a number of factors including masseteric hyperfunction and/or para-function 
(e.g., bruxism), and characterized by the enlargement of the masseter muscles [44, 
45]. Despite the large number of trials describing the use of the toxin for this condi-
tion, the majority of them are not relevant or contain no robust evidence to support 
or refute the effectiveness and safety of BoNT/A [45]. For this reason, the develop-
ment of high-quality clinical trials on this issue is encouraged.

Unloading the mandible using BoNT/A has also been proposed as a procedure to 
allow immediate placement of implants in bruxers [46]. There is a common fear 
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among practitioners that bruxism can overload dental implants, affecting osseointe-
gration, compromising their mechanical integrity, and leading to implant failure 
[47]. Nevertheless, bruxism is more likely to be a risk factor for mechanical dam-
ages of the implant-supported rehabilitations rather than a cause for biological com-
plications such as osseointegration problems [47]. Despite all of this, literature 
supporting this practice is very poor and more studies are still needed.

Summarizing the clinical evidence regarding the use of BoNT/A for bruxism, it 
appears that more well-designed studies still need to be performed considering dif-
ferent bruxism populations, such as sleep and awake bruxers, dental implant hold-
ers, and bruxism-associated masseteric hypertrophy, in order to confirm the possible 
benefits of this toxin.

 Clinical Guide for the Application of BoNT/A for Bruxism

Until now, no standardized protocol for the control of bruxism using BoNT/A has 
been established. Since bruxism affects masticatory muscles, the application of 
BoNT/A in TMDs has been suggested and would be a suitable approach for the 
treatment of this issue. Administration of BoNT/A into 4–5 injection points on the 
masseter and temporalis could adequately spread this toxin within the treated mus-
cles (Table 16.2 and Fig. 16.1).

In contrast to BoNT/A injections for TMDs, the neuromuscular effect of the 
toxin is desired in patients with bruxism, and the employed doses may vary accord-
ing to muscle size, patient age, gender, race, and/or even the severity of bruxism 
activity. Therefore, a correct elaboration of anamnesis including the medical history 
of the patient as well as a thorough clinical examination are critical steps to deter-
mine the protocol to be employed. Frequent doses range from 10 to 100 U in the 
masseter and 0 to 30 U in the temporalis muscle [4, 41, 42]. The difference in the 
doses used for various muscles is due to the differences in their volumes and the 
positive correlation between the amount of toxin applied and the extension of the 
elicited paresis [48] (Fig. 16.4).

One additional fact to consider is that currently there is no strong evidence sup-
porting the effect of BoNT/A on the frequency of SB events. It is known that 
repeated masticatory muscle activity during bruxism is caused by nocturnal micro-
arousals which increase autonomic cardiac and motor neuronal networks [39], 
leading to involuntary contractions of the masseter with or without grinding sounds 
[49, 50]. BoNT/A acts by reducing muscle contraction but does not affect the 
development of bruxism; therefore, the concomitant use of oral appliances is rec-
ommended to prevent the consequences of repeated masticatory muscle activity, 
i.e., bruxism events.
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 Botulinum Toxin Type A and Trigeminal Neuralgia

Trigeminal neuralgia (TN) is described as a typically unilateral condition character-
ized by paroxysmal, severe, sharp, and recurrent shock-like pain along the somato-
sensory distribution of the trigeminal nerve [5, 51, 52]. It is considered as one of the 
most distressing disorders of the orofacial region, increasing the risk of anxiety and 
depression among patients [5, 53–55]. The International Headache Society divides 
this condition into “classical TN,” including all TN cases with unknown etiology 
other than vascular compression of the trigeminal nerve, and “secondary TN,” 
induced by the compression of the trigeminal nerve by structural abnormalities or 
tumors [3, 52].

Commonly, only one division of the trigeminal nerve is affected by TN, with a 
higher prevalence of the maxillary branch (52%), followed by the mandibular 

Fig.  16.4 (a) Before and (b) after BoNT/A injections for bruxism associated with masseter and 
temporalis hypertrophy. Note a bigger muscle volume on the left side. BoNT/A dosage of 30 and 
40 U into right and left temporalis muscles. BoNT/A dosage of 50 and 70 U into right and left 
masseter muscles. (c) Tooth wear as a common clinical sign of bruxism. (d) Full mouth rehabilita-
tion after controlling bruxism with BoNT/A
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branch (39%) [56]. Epidemiologic studies have shown the incidence of TN to be 4 
to 5 per 100,000 individuals and 28.9 per 100,000 individuals per year in the United 
States and United Kingdom–Netherlands, respectively [5]. Additionally, a female/
male ratio of 1.17:1 has been reported [56].

Treatment of TN is based on pharmacotherapy using anticonvulsant drugs, such 
as carbamazepine and oxcarbamazepine, as first-line agents. Unfortunately, 
approximately 25–50% of pharmacologically treated patients become refractory, 
requiring surgical procedures such as vascular decompression, partial sensory rhi-
zotomy, and gamma knife radiosurgery [57]. However, effective surgical outcomes 
are not always permanent, and in addition to the possibility of developing neuro-
logic deficits, reappearance of pain is relatively common among surgically treated 
patients [5].

 Preclinical Evidence and Mechanism of Action

The majority of data from in vitro and in vivo studies support a positive effect of 
BoNT/A on TN [58–60]. In an experiment using stimulated cultures of trigeminal 
neurons, clinical effective doses of BoNT/A were able to decrease the amount of 
calcitonin gene-related peptide, a neurotransmitter commonly associated with the 
pathophysiology of migraine and other neuropathic pain conditions [61, 62].

Unfortunately, no animal model has been developed that can successfully dupli-
cate the neuropathic pathophysiology of TN [63]; however, the model of infraorbital 
nerve constriction (IoNC), based on the loose ligation of the infraorbital nerve, is 
frequently used to investigate the action of BoNT/A on trigeminal neuropathic con-
ditions, including TN [64, 65]. Filipovic et al. [66] studied the effects of BoNT/A on 
local allodynia and bilateral dural neurogenic inflammation induced by IoNC. Using 
a single injection of the toxin (3.5 U/kg) into the vibrissae pad of rats, dural extrava-
sation and facial allodynia were reduced. Interestingly, the analgesic effect of 
BoNT/A was prevented by a colchicine injection (e.g., axonal blocker) into the tri-
geminal ganglia of the affected side, suggesting the necessity of axonal transport to 
reach trigeminal sensory neurons.

In a different study, long-lasting ipsilateral allodynia was developed in rats sub-
mitted to IoNC. An intradermal pretreatment injection of BoNT/A into the whisker 
pad of the animals decreased the exaggerated release of neurotransmitters from sen-
sory neurons of the trigeminal root ganglia and, consequently, alleviated the pain- 
like behaviors [59].

As the pathogenesis of these models is entirely based on nerve damage, it is 
acceptable to affirm that the analgesic/antinociceptive mechanism of the toxin is the 
major contributor in the control of neuropathic pain conditions. In our opinion, 
these data suggest that BoNT/A may represent a valuable alternative as a centrally 
acting drug for trigeminal neuropathic conditions, including TN.
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 Evidence-Based Clinical Effectiveness

The clinical effectiveness of BoNT/A for TN is probably one of the most reviewed 
issues involving the analgesic activity of the toxin in the trigeminal region. The 
reason is based on the overlapping of TN as a condition related to more than one 
medical field (dentistry, neurology, surgery, etc.). However, when it affects the max-
illary and/or the mandibular branch of trigeminal nerves, TN is commonly pre-
sented as a dental problem, with patients seeking help from dental practitioners 
[3, 56].

Two meta-analyses concluded that BoNT/A may be an effective and safe method 
for patients suffering from TN [5, 53]. According to the Therapeutics and Assessment 
Subcommittee of the American Academy of Neurology, the use of BoNT/A for TN 
can be already considered as a level A treatment (i.e., treatment efficacy supported 
by two or more high-quality studies), based on two high-quality randomized clinical 
trials [3, 6, 54, 67], described below:

One of these was a randomized, double-blind, placebo-controlled study [54] 
which showed that intradermal and/or submucosal administration of BoNT/A was 
more effective than placebo injections (saline solution) to control classical 
TN. Interestingly, BoNT/A not only decreased pain scores measured by the visual 
analogue scale, but also reduced the frequency of attacks as early as 2 weeks after 
treatment. The higher percentage of BoNT/A responders (15/22; 68.18%) compared 
to placebo (3/20; 15.00%) placed the toxin as a clinically effective treatment for TN.

The other study included 80 patients diagnosed with TN [67] and the therapeutic 
outcome of two different doses of intradermal/mucosal BoNT/A injections (25 U or 
75 U) was assessed. The results revealed a significantly higher number of respond-
ers in the groups treated with BoNT/A, compared to placebo (saline solution). 
Responders were defined as patients demonstrating at least 50% pain reduction in 
comparison to baseline values. According to the Patient Global Impression of 
Change, a greater improvement was found in patients treated with BoNT/A com-
pared to those receiving placebo injections.

Differences between various doses of BoNT/A and adverse reactions are dis-
cussed in the following sections.

Considering all the available data, the use of BoNT/A for TN can be considered 
an effective therapeutic modality, reducing pain and the frequency of attacks and 
improving anxiety, depression, and the patient’s quality of life [3, 5, 6, 68].

 Clinical Guide for the Application of BoNT/A for Trigeminal 
Neuralgia

It is important to mention that pain in TN is mostly promoted by Aβ-fibers, express-
ing allodynia triggered by gentle mechanical stimuli such as washing the face, 
touching gums with a toothbrush, or moving food inside the mouth [63]. Since 
Aβ-fibers innervate cutaneous mechanoreceptors responding to physical  interactions 
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including pressure and vibration [56, 63], the intradermal or submucosal injection 
of the toxin in areas surrounding the trigger zones has proven to be the more effec-
tive approach to treat this neuropathic pain condition [5, 6, 54, 67] (Fig. 16.5).

A detailed clinical examination to recognize the affected trigeminal branch and 
delineate the painful area and trigger zone is required to define the best injection 
sites. There is still no consensus about the exact number of injections required to 
achieve a superior analgesic effect. Apparently, the spread of BoNT/A through the 
defined painful area will allow a better distribution of the toxin around the affected 
sensory region, generating a greater analgesic activity. Nevertheless, the number of 
injection points has not been defined and varies with each situation [53].

As mentioned in preceding sections, the analgesic activity of BoNT/A is not 
dose-dependent. Analgesic effects were similar between low and high doses (25 U 
vs 75 U) of this toxin in patients diagnosed with TN [67]. Both doses had a greater 
effect and a higher analgesic activity than a placebo injection (saline solution). It 
should be considered that higher doses of the toxin are associated with larger unde-
sired neuromuscular effects (see Section “Adverse Effects/Reactions of BoNT/A 
Application on Dentistry-Related Conditions”); thus, great care must be taken even 
when intradermal or submucosal injections are employed (Table 16.2).

 Botulinum Toxin Type A in Sialorrhea

Sialorrhea, drooling, or excessive salivary overflow is a socially disabling condition 
commonly associated with the loss of neuromuscular control due to different neuro-
logical disorders such as cerebral palsy, Parkinson’s disease, and amyotrophic lat-
eral sclerosis [69–71]. The prevalence of sialorrhea varies widely; however, it is 

Fig. 16.5 Submucosal application of BoNT/A into an intraoral trigger point on the molar region 
of a patient diagnosed with classical TN
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estimated that about 10–37% of children with cerebral palsy are affected [72], and 
between 10% and 84% of people with Parkinson’s disease and 20% of patients with 
amyotrophic lateral sclerosis or motor neuron disease develop this symptom [73].

Conservative treatments, including anticholinergic and antihistaminic pharma-
cotherapy, are frequently employed to reduce salivary overflow; however, they are 
associated with significant adverse effects (e.g., cognitive impairment, drowsiness, 
urinary retention, etc.) [74, 75]. Surgical procedures, such as salivary duct ligation, 
parotid denervation, and bilateral excision of sublingual glands, are less commonly 
considered due to the risk of irreversible deficits [69].

 Preclinical Evidence and Mechanism of Action

The anticholinergic activity of BoNT/A is based on the inhibition of the release of 
acetylcholine at the presynaptic level (parasympathetic nerve terminals), producing 
chemical nerve blocking and, consequently, loss of neuronal functioning [76]. 
Despite the large number of clinical trials reporting the effectiveness of BoNT/A for 
sialorrhea, there is still a lack of experimental evidence on the effect of the neuro-
toxin on glandular tissues [77].

According to a recent review [77], different immunohistochemical experiments 
on rats and rabbits reached similar results regarding the effect of BoNT/A on sali-
vary glands. The injection of this toxin into the parotid and/or submandibular glands 
of animals led to decreased immunoreaction of acetylcholinesterase, neuronal nitric 
oxide synthase, and SNAP25. This reduction was proportional to the length of expo-
sure and the applied dose of the neurotoxin [78–83]. In addition, chemical “dener-
vation” of the salivary glands caused diminished salivary flow and resulted in 
reduction of the size and weight of the treated glands [83].

Another preclinical experiment on rabbits injected with 5  U BoNT/A for 
12 weeks demonstrated an increased salivary amylase concentration and decrease of 
submandibular salivary secretion, respectively. These changes were ascribed to aci-
nar cell apoptosis, which occurred 1 week after BoNT/A administration causing (1) 
reduced salivary flow, (2) decreased expression of M3 muscarinic acetylcholine 
receptors involved in regulation of glandular fluids, and (3) a reduction of aquaporin 
5 expression that has a significant role in the regulation of salivary fluid secre-
tion [84].

 Evidence-Based Clinical Effectiveness

The first attempt for the use of BoNT/A on sialorrhea was reported in 1997 [85], 
when patients diagnosed with amyotrophic lateral sclerosis and severe sialorrhea 
were successfully treated with intraglandular injections of the toxin. 
IncobotulinumtoxinA (Xeomin, Merz®) was recently approved by the US FDA in 
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2018 and by EU/EEA in 2019 for the treatment of chronic sialorrhea, becoming the 
first and only neurotoxin with this approved indication in the United States and EU 
[2]. This approval was based on the positive results from a phase III, randomized, 
double-blind, placebo-controlled, multicenter, 184-patient trial, designated as the 
“SIAXI” (Sialorrhea in Adults Xeomin Investigation) study [2].

The SIAXI study [2] included 184 patients diagnosed with Parkinson’s disease 
(70.7%), atypical parkinsonism (8.7%), stroke (19.0%), and traumatic brain injury 
(2.7%). Patients were randomized into placebo (36 patients), or total doses of 75 U 
(74 patients) or 100 U (74 patients) incobotulinumtoxinA. Changes in unstimulated 
salivary flow and Global Impression of Change scale scores were evaluated after 4, 
8, 12, and 16  weeks. Adverse effects were also recorded (see Section “Adverse 
Effects/Reactions of BoNT/A Application on Dentistry-Related Conditions”). The 
results showed that 100 U incobotulinumtoxinA caused a significant reduction of 
unstimulated salivary flow until the last observation on week 16 (−0,10 ± 0.033 g/
min; p = 0.002, mixed model repeated measurement analysis). In addition, a signifi-
cant improvement of the Global Impression of Change score was registered for 
patients treated with 100  U of the toxin through the 16th week (0.52  ±  0.203; 
p = 0.011, mixed model repeated measurement analysis). Based on these results, 
incobotulinumtoxinA (100 U) was considered an effective and well-tolerated treat-
ment for chronic sialorrhea in adults.

Applications of BoNT/B into the parotid and submandibular glands also resulted 
in a significant decrease in the volume of saliva compared to placebo injections in 
patients diagnosed with amyotrophic lateral sclerosis after 4 weeks of evaluation 
[86]. A global impression of improvement was also reported by 90% of the patients 
treated with BoNT/B, compared to 44% among participants assigned to the placebo 
group, positioning BoNT/B as an effective alternative for drooling as well.

 Clinical Guide for the Application of BoNT/A for Sialorrhea

Despite the currently available research on the use of BoNT/A in drooling, standard 
specifications for the best application method of this toxin have not yet been issued. 
Information regarding the preferred administration technique (ultrasound guidance 
vs anatomic guidance), dosages at initial and following injections, and the type and 
number of salivary glands required for BoNT/A administration is still lacking. For 
these reasons, a Botulinum toxin International Consensus for the assessment, inter-
vention, and aftercare of pediatric and adult drooling was established [87].

As a first step, a complete and detailed evaluation of the patient must be per-
formed, including a clinical examination of the orofacial region, assessment of the 
psychosocial status, a dental examination, and the utilization of valid questionnaires 
such as the Drooling Impact Scale [88].

Regarding the best technique of administration, it seems like the use of ultra-
sound (for localization of the glands) or electromyography (to avoid intramuscular 
injection) can ensure the accuracy of the injection site and improve the safety of 
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BoNT/A applications on salivary glands, since patients treated without any guid-
ance reported more frequent severe side effects (e.g., dysphagia, jaw dislocation, 
and chewing difficulties) [70, 71, 86]. Optimally, BoNT/A injections into salivary 
glands should be conducted under ultrasound guidance (Fig. 16.6), although expe-
rienced clinicians might rely on landmarks [87] (Table 16.2 and Fig. 16.7).

Protocols for injection of BoNT/A into salivary glands contemplate doses rang-
ing from 40 U to 100 U for onabotulinumtoxinA (Botox, Allergan®) or 60 U to 

Fig. 16.6 (a) Injection into the parotid gland under sonographic guidance. (b) Injection into the 
submandibular gland under sonographic guidance

Fig.  16.7 Anatomical landmarks and application points for the parotid and submandibular glands. 
(a) The upper limit is represented by a line connecting the external acoustic meatus and the lateral 
corner of the mouth, (b) the front limit is represented by the masseter, (c) the back limit is stab-
lished by the mandibular edge, and (d) the low limit is represented by the lower part of the man-
dible’s body
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300 U for abobotulinumtoxinA (Dysport, Ipsen®) [2, 89–92], considering a dosing 
conversion of 1:3 from onabotulinumtoxinA to abobotulinumtoxinA [93], in agree-
ment with the International Consensus Statement [87]. A dose–effect relation must 
be considered for the anticholinergic action of BoNT/A, which means that higher 
doses will result in a greater reduction of saliva. Nonetheless, usually dosage rec-
ommendations are based on Western country populations and the safety profile 
could change depending on the ethnicity of patients; for example, Asian patients 
reported the need for lower doses of BoNT/A compared to European  populations [94].

Another important point to consider is the number of treated salivary glands. 
Numerous studies have described procedures for single glands, injecting into either 
the parotid glands or the submandibular glands, whereas other investigations have 
described the treatment of both glands, simultaneously [95]. Nevertheless, the 
International Consensus Statement recommends the treatment of both salivary 
glands, parotid and submandibular, while the treatment of sublingual glands should 
be avoided due to their minor contribution to saliva production, relatively inacces-
sible anatomical location, and frequently associated side effects such as dysphagia 
[75, 95]. Considering the smaller size of the submandibular glands compared to the 
parotid, a smaller injection volume of BoNT/A seems to be a reasonable option and 
may be associated with a greater safety profile [96].

 Botulinum Toxin Type A in Painful Traumatic Trigeminal 
Neuropathies

Painful traumatic trigeminal neuropathy (PTTN) is defined as any pain resulting 
from trigeminal nerve damage as a consequence of physical or surgical trauma such 
as dental extractions, dental implant therapy, endodontic treatments, and nerve inju-
ries due to surgical procedures [97, 98]. A mean prevalence of 0.5–12% has been 
reported for PTTN among the general population and it is known to share similar 
pathophysiological characteristics with TN, such as burning and paroxysmal, con-
stant, and/or severe pain attacks, which are mostly unilateral (90–95%) [97, 99].

PTTN has been poorly defined and has assumed different or overlapping desig-
nations over time, including atypical odontalgia, phantom tooth pain, persistent 
idiopathic facial pain, painful posttraumatic trigeminal neuropathy, idiopathic 
toothache, persistent dentoalveolar pain disorder, non-odontogenic tooth pain, and 
continuous neuropathic orofacial pain. For this reason, the therapeutic information 
regarding this problem is usually difficult to uncover, becoming a challenge for 
many practitioners [97].

The American Pain Society and the European Federation of Neurological 
Societies recommend the use of anticonvulsants, tricyclic antidepressants, inhibi-
tors of serotonin and norepinephrine reuptake, and opioids to control this condition. 
Moreover, as a kind of neuropathic pain, the response rate to conventional  analgesics 
such as acetaminophen or nonsteroidal anti-inflammatory drugs is usually 
 minimal [98].
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The number of studies on the use of BoNT/A for PTTN management is limited 
and mostly consists of case reports claiming the beneficial effect of this toxin on 
long-lasting dental pain [100]. One case showed that subcutaneously injected 
BoNT/A (10  U) improved the existing perception threshold and subjective pain 
symptoms caused by axonotmesis of the left inferior alveolar nerve with dysesthe-
sia, after placement of dental implants [101]. Another report demonstrated a signifi-
cant relief of pain in four patients with atypical refractory odontalgia after intraoral 
injections of BoNT/A (15 to 30  U). One patient was completely pain-free after 
BoNT/A administration, while the other three reported an intermittent mild pain. 
No side effects were noted [102]. In two cases of refractory PTTN, BoNT/A was 
shown to reduce pain frequency and intensity [103]. In the first case, 100 U of the 
toxin was diluted in lidocaine without vasoconstrictor and applied submucosally 
into six different intraoral points. A reduction of pain from 5 to 2 on a 0–10 scale 
was achieved 1–2  weeks following treatment. The patient related a significant 
improvement after treatment, but at the same time demonstrated transient side 
effects such as dryness of the injected area and facial asymmetry. In the second case, 
an individual with a 3-year history of refractory TN, reporting a pain intensity of 10 
out of 10, was treated with extra- and intraoral injections of BoNT/A.  Results 
showed a significant reduction of pain with facial asymmetry as a side effect (e.g., 
patient reported “dropping of her smile”). In this study, BoNT/A was considered as 
an efficient treatment for refractory PTTN, reducing pain intensity and frequency 
with minor side effects [103].

There is a lack of strong evidence demonstrating the effectiveness of BoNT/A 
for the treatment of PTTN.  However, histopathologically, there are similarities 
between PTTN and TN, with the former being more varied and dependent on the 
degree of the nerve damage. The resemblance between these conditions suggests a 
possible benefit of the toxin for reducing the accompanying pain and the number of 
paroxysms experienced by neuropathic patients. Nevertheless, the development of 
additional clinical studies is encouraged to determine the actual benefit of BoNT/A 
in relieving PTTN.

 Adverse Effects/Reactions of BoNT/A Application 
on Dentistry-Related Conditions

The reversible effects and the minute doses (in picogram range) used in the different 
therapeutic indications of BoNT/A make the toxin a generally safe treatment option 
[3, 104]. Fatal adverse effects due to orofacial treatments with BoNT/A are not 
reported; however, some minor and moderate side effects and/or adverse events 
have been described by clinicians and scientists (Table 16.3 and Fig. 16.8).

Minor side effects such as edema, itching, and pain at the injection sites are 
frequently reported and resolve spontaneously in most cases [104]. The use of 
topical anesthesia (e.g., EMLA cream) and antibacterial/anti-inflammatory creams 
on the application sites before/after BoNT/A injections can help reduce these 
symptoms [105].
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Moreover, mild and transient adverse effects such as undesired muscle paralysis, 
muscle weakness, changes in speech, swallowing alterations, and chewing difficul-
ties are also frequently reported after BoNT/A injections into the masticatory mus-
cles (i.e., in cases of TMDs, bruxism, and/or masseteric hypertrophy) [36, 106, 
107]. From a physiological point of view, the use of high doses and repeated 

Table 16.3 Main adverse effects/events reported after BoNT/A applications for dentistry-related 
conditions

Condition
Possible adverse effects/events
Minor Moderate Severe

TMDs Edema
Itching
Pain at 
injection side

Decrease on muscle size
Muscle weakness
Speech changes
Reduced masticatory 
efficacy

Decrease of trabecular bone 
density and bone volume

Bruxism Edema
Itching
Pain at 
injection side

Reduced masticatory 
efficacy
Muscle weakness
Speech changes

Decrease of trabecular bone 
density and bone volume

Neuropathic 
pain

Edema
Itching
Pain at 
injection side

Short-term facial 
asymmetry
Undesired muscle 
paralysis

Not reported

Sialorrhea Edema
Itching
Pain at 
injection side

Undesired muscle 
paralysis Dysphagia

Not reported

Fig. 16.8 Mild edema after BoNT/A injection into the temporalis muscle
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 injections of BoNT/A could lead to structural changes and atrophy of muscle fibers, 
producing a significant decrease in the size of the treated masticatory muscles, 
affecting mastication efficacy and oral functions of the patients [104]. However, it 
was demonstrated that injection of low doses of BoNT/A (30 U masseter/10 U tem-
poralis) into masticatory muscles can reduce the pain associated with myogenic 
TMDs with significantly lower and reversible side effects compared to higher doses 
(50–75 U masseter/20–25 U temporalis) [24].

Muscle loading is also considered an important factor guiding facial bone 
growth. Consequently, inducing localized masticatory muscle atrophy could also 
alter the craniofacial growth and jaw development, as described by different stud-
ies conducted in animal and human populations [34, 104, 106, 107]. Bone changes 
associated with muscle atrophy due to BoNT/A injections in the masseter of rab-
bits have been described [34]. Furthermore, patients treated with BoNT/A for 
TMDs and masseter hypertrophy have been reported to show decreased trabecular 
bone density and bone volume in the mandibular angle area [106, 107]. 
Unfortunately, there is a lack of clinical trials evaluating the possible effects of 
repeated injections of high doses of BoNT/A on masticatory muscles, as most of 
the studies merely present side effects as secondary outcomes [107]. However, this 
evidence collectively suggests that if multiple injections of the toxins are consid-
ered, a careful follow-up for early detection of the aforementioned side effects 
should be contemplated.

Adverse reactions regarding the therapeutic use of BoNT/A for sialorrhea are 
not uncommon [87]. Dysphagia and chewing and swallowing difficulties due to 
the diffusion of the toxin into nearby muscular tissues, especially when applied in 
submandibular glands, are described as potential risks of the treatment [70, 86, 
90]. However, the use of ultrasound to guide BoNT injections can help reduce the 
magnitude of these effects. Besides, the presence of dry mouth and thickening of 
saliva were also reported in drooling populations treated with BoNT/A, leading to 
problems during mastication of solid foods. For all these reasons, the recommen-
dations of the International Consensus Statement for the use of BoNTs in sialor-
rhea should be carefully considered in order to reduce undesired effects of this 
toxin [87].

Finally, some general recommendations to avoid possible side effects include a 
careful attention to drug dilution and handling and storage of the toxin. The use of 
suggested doses, not exceeding recommended guidelines, reduces the potential of 
undesired side effects and adverse events. Moreover, the product should be recon-
stituted with the recommended saline solution; substances such as anesthetic solu-
tions or water may not be used as substitutes. Also, handling errors such as 
injection of reconstituted products after the expiration date or the use of frozen 
products should be avoided as it may also help prevent unwanted effects 
of BoNT/A.
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Chapter 17
Botulinum Toxin Treatment in Veterinary 
Medicine: Clinical Implications

Helka Heikkilä

Abstract Botulinum toxin (BoNT) products are not licensed for veterinary use, but 
there are studies investigating its therapeutic potential in veterinary medicine, 
mainly in dogs and horses. Some efficacy has been reported for BoNT in the treat-
ment of osteoarthritic and perioperative pain in dogs and in the treatment of lame-
ness in horses in small controlled clinical trials. In addition, few case series have 
described the use of BoNT in the treatment of lower esophageal sphincter achalasia- 
like syndrome, urinary incontinence, and prostatic hypertrophy in dogs and in 
stringhalt in horses. Further thoroughly planned controlled clinical trials with objec-
tive outcome measures are needed to reveal the true relevance of BoNT in veteri-
nary medicine.

Keywords Botulinum toxin injection · Canine pain therapy · Equine movement 
disorders · Intra-articular treatment

In contrast to human medicine, the therapeutic potential of botulinum toxin (BoNT) 
is not fully exploited in veterinary medicine, and BoNT products are not licensed 
for veterinary use. Conditions characterized by constant painful muscle overactiv-
ity, such as dystonias, are rarely seen or treated in animals, and the toxin has mainly 
been a concern among veterinary professionals due to unwanted events, where 
spoiled foliage has led to the death of many animals or whole packs [1–3].

However, BoNT has potential in pain therapy of veterinary patients, especially in 
companion animals. The direct antinociceptive effect of BoNT has been studied in 
the treatment of osteoarthritic and postoperative pain in dogs, and some evidence 
supports its use for pain therapy in this species. Additionally, the chemodenervation 
produced by BoNT might benefit laminitic equine patients in the future.
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 BoNT in the Treatment of Canine Osteoarthritis

Osteoarthritis (OA) is considered the leading cause of lameness and chronic pain in 
dogs. Estimates on its prevalence vary from 2.5% to 20% [4, 5]. In a recent UK 
study, OA was estimated to affect 200,000 dogs annually [5]. OA causes significant 
discomfort and pain and impairs the quality of life of the affected animals. As one 
of the most common reasons for euthanasia in dogs [6], OA also impacts lifespan, 
especially in working animals [7]. Multimodal treatment consisting of exercise 
modification, weight management, physiotherapy, nutraceuticals, and pain medica-
tion is recommended for OA treatment in dogs. In addition, some osteoarthritic 
canine patients are eligible for joint prosthesis. The requirement for oral analgesics 
in osteoarthritic dogs may be lessened by intra-articular (IA) treatment, which 
directly targets the painful joint.

IA-injected botulinum neurotoxin A (BoNT-A) has shown some efficacy in the 
treatment of osteoarthritic pain in dogs. Hadley et al. (2010) were the first to describe 
the effects of IA BoNT-A in dogs [8]. They conducted a pilot study lasting 12 weeks 
on five client-owned dogs with elbow or hip OA. All dogs received an IA injection 
of 25 U of onabotulinumtoxinA (Botox, Allergan Inc., USA) into the osteoarthritic 
joint. The response to treatment was assessed by measuring the ground reaction 
forces, i.e., weight-bearing, with a pressure platform. In addition, the owners graded 
their dog’s locomotion and discomfort.

The ground reaction forces of the treated limbs improved in all dogs for a vari-
able period of time, but remained inferior to those of the contralateral limbs, imply-
ing that the dogs remained somewhat lame. Two owners reported significant 
improvement, while moderate improvement, mild improvement, or no change was 
reported in the other three dogs at the end of the study. A mild increase in lameness 
in addition to redness and swelling over the injected joint was detected in two dogs. 
No other adverse events were detected during the study.

Although this was a small preliminary study without any control group, the 
improvement detected in the ground reaction forces was encouraging. There are no 
direct ways to measure pain in animals, and therefore, canine pain evaluation is 
based on the lack of normal behavior or on the presence of pain-associated behavior 
such as lameness. Measuring weight-bearing is an objective, quantitative, and unbi-
ased method to evaluate lameness in dogs [9, 10].

The efficacy of IA BoNT-A injections in the treatment of chronic osteoarthritic 
pain was further investigated by Heikkilä et  al. in 2014  in a placebo-controlled, 
randomized, double-blinded clinical study on 35 client-owned osteoarthritic dogs 
with chronic lameness due to OA in the stifle, elbow, or hip joint [11]. The dogs 
were randomized to receive either an IA injection of 30 U of onabotulinumtoxinA 
or placebo (saline) into the painful osteoarthritic joint. The primary outcome vari-
ables were ground reaction forces measured with a force plate and the Helsinki 
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Chronic Pain Index (HCPI), a questionnaire for dog owners validated for the evalu-
ation of chronic canine orthopedic pain [12]. The subjective pain score evaluated by 
a veterinarian and the need for rescue analgesia were used as secondary outcome 
variables. The study lasted 12 weeks.

In BoNT-A-treated dogs, a significant improvement was detected in the ground 
reaction forces at the end of the study (week 12), while no change was observed in 
the dogs treated with placebo (Fig. 17.1). There was also a significant improvement 
from baseline in the HCPI of the dogs treated with BoNT-A, but not in the dogs 

Fig. 17.1 Improvement from baseline in vertical impulses (a) and peak vertical forces (b) (mean 
and 95% CI) after intra-articular botulinum toxin A (n = 16) or intra-articular placebo (n = 15) in 
osteoarthritic dogs. Baseline, before the injections; IA BoNT A intra-articular botulinum toxin A; 
placebo, 0.9% saline, PVF peak vertical force, VI vertical impulse, W week. °P ≤ 0.005 between 
groups; ★P ≤ 0.05 within group. (Reprinted from the Heikkilä et al. [11], Elsevier (2014), with 
permission from Elsevier)
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treated with placebo. The duration of the treatment effect could not be evaluated, 
since the effect was the largest at the end of the study.

No severe adverse events were detected. One dog developed a superficial skin 
infection over the injected hip joint 1 week after BoNT-A injection, and another one 
developed a mild disc protrusion during the study.

A more recent study by Nicacio et al. in 2019 investigated the efficacy of another 
botulinum toxin A preparation, IA abobotulinumtoxinA (Dysport, Ipsen 
Pharmaceuticals, Ireland), in the treatment of hip OA in 16 client-owned dogs [13]. 
Dogs with moderate or severe hip OA due to hip dysplasia were enrolled in the 
study. The dogs were randomized to receive an IA injection of either 25  U of 
BoNT-A or saline serving as control.

The response to treatment was assessed by owner and veterinary evaluations for 
90  days. The owner evaluation included the HCPI and the Canine Brief Pain 
Inventory (CBPI) questionnaires, both validated for the evaluation of chronic pain 
in dogs [14].

Improvement from baseline was detected in HCPI, CBPI, and veterinary evalua-
tion in both the treatment and the control groups. However, there was no significant 
difference between the two groups in any of the outcome measures at any time point 
during the study. Four dogs in the treatment group and one in the control group 
experienced local adverse events, not further specified, in the first 24 hours after the 
IA injection. No severe systemic adverse events or local muscle weakness were 
detected.

The conflict among the results of these studies may be explained by the fact that 
the dosages of onabotulinumtoxinA and abobotulinumtoxinA are not interchange-
able. The different preparations of BoNT-A produced by different manufacturers 
differ in biological potency [15]. Conversion ratios of 4:1 and 3:1 for abobotulinum-
toxinA (Dysport) and onabotulinumtoxinA (Botox) have been suggested for human 
patients suffering from cervical dystonia [15, 16], but this conversion ratio has not 
been evaluated in BoNT pain therapy or in dogs. Nevertheless, the lack of clinical 
efficacy in the study by Nicacio et al. might be explained by the smaller biological 
potency of the product. In addition, veterinarians and pet owners are prone to detect 
improvement in osteoarthritic dogs after any treatment, including placebo [17]; 
therefore, veterinary and owner assessments, including the validated owner ques-
tionnaires, are susceptible to a caregiver placebo effect. Objective outcome mea-
sures such as weight-bearing measurements may reveal mild treatment effects, 
which might not be detectable using only subjective veterinary or owner evalua-
tions. Pressure platforms and force plates can detect very subtle changes in weight- 
bearing not visible to the naked eye. The drawback of these methods is that there is 
no consensus on what magnitude of improvement indicates clinically meaningful 
pain relief in dogs.

Despite several studies on IA BoNT in human patients [18], there is not much 
information on the possible adverse effects of the toxin inside the joint. Therefore, 
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Heikkilä and colleagues aimed to investigate whether the toxin affects the canine 
cartilage and whether it spreads from the joint after the IA injection [19]. They con-
ducted a longitudinal, placebo-controlled, randomized clinical trial in six healthy 
laboratory Beagle dogs. The dogs were randomized to receive an IA injection of 
30 U of onabotulinumtoxinA into the right or left stifle joint. An equivalent volume 
of saline serving as placebo was injected into the contralateral joint. The dogs were 
evaluated for clinical and cytological adverse effects and for spread of the toxin for 
12  weeks. After 12  weeks the dogs were euthanized, the injected joints and the 
adjacent muscles and nerves were evaluated histologically, and autopsy was 
performed.

No clinical, cytological, or histological adverse effects were reported during the 
study. The electrophysiological recordings showed low compound muscle action 
potentials in two dogs in the BoNT-A-injected limb, suggesting that the toxin had 
spread from the joint. However, the clinical impact of such spread seemed to be low 
because the abnormalities detected in the electrophysiological recordings were not 
associated with any clinically meaningful neurological deficit. Autopsy and histo-
pathological examinations of the joint and adjacent muscles and nerves did not 
reveal changes associated with IA BoNT-A.

 BoNT as Adjuvant Surgical Pain Treatment in Dogs

Many dogs not intended for breeding are neutered. In addition, dogs undergo sur-
gery for orthopedic and traumatic conditions and for neoplasia. Surgery in veteri-
nary medicine has become less traumatic and invasive, and many procedures can be 
performed laparoscopically. On the other hand, especially in veterinary oncology, 
more extensive and complex surgeries are being performed. Meanwhile, periopera-
tive pain management has greatly developed in recent years. The understanding of 
pain in animals and its consequences on the patients has deepened, and the monitor-
ing of anesthesia has improved considerably, due to the availability of better equip-
ment characterized by a broader spectrum. This has led to the use of a wider range 
of analgesic agents and methods. Current perioperative pain management can be a 
complex combination of constant-rate infusions and sedative, inductive, and inhala-
tion agents, in addition to local analgesia and nerve blocks and non-steroidal anti- 
inflammatory drugs.

It is not surprising, in this context, that also BoNT injections have been studied 
in the treatment of perioperative pain in dogs. Vilhegas et al. (2015) conducted a 
placebo-controlled, randomized, blinded study on the efficacy of BoNT-A injec-
tions in the treatment of perioperative pain [20]. Sixteen client-owned, middle-aged 
to old bitches of various breeds and sizes with malignant mammary gland tumors 
requiring bilateral chain mastectomy were enrolled in the study. The dogs were 
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randomized to receive either a total dose of 7 U/kg of abobotulinumtoxinA divided 
into each mammary gland or injections of sterile saline as control. The injections 
were performed in the middle of each mammary gland 24 hours before surgery. 
Postoperative pain was evaluated by the modified Glasgow Composite Measure 
Pain Scale (modified-GCMPS) and the visual analogue scale (VAS) up to 72 hours 
after surgery. The modified-GCMPS is a validated questionnaire for veterinary pro-
fessionals to evaluate postoperative pain in dogs based on pain-associated behavior 
[21]. Rescue analgesia was administered depending on the modified-GCMPS and 
VAS scores.

BoNT-A injections appeared effective in reducing postoperative pain, as the 
modified-GCMPS and VAS scores were significantly lower in the BoNT-A group 
compared with the control group. In addition, the need for rescue analgesia differed 
between the groups: In the BoNT-A group, two out of eight dogs needed rescue 
analgesia (two doses of rescue analgesia in total), compared with seven out of eight 
dogs in the control group (17 doses in total). The histopathological tumor classifica-
tion, the number and size of the nodules, and the degree of inflammation did not 
differ between the groups. No adverse events were noted during the study, which 
ended at the time of suture removal, 10–14 days after the surgery.

This study presents a promising addition to multimodal perioperative pain ther-
apy in dogs undergoing bilateral chain mastectomy, or possibly other invasive sur-
geries. In this study, the dogs were premedicated with BoNT-A injections into the 
center of the mammary gland 24 hours before surgery, although in a similar study 
on human breast cancer patients the toxin was injected intramuscularly during sur-
gery [22]. Layeeque et  al. proposed that the pain-relieving efficacy of BoNT-A 
injections in their study was mediated by the inhibition of pectoralis muscle spasms. 
In the study by Vilhegas et al., the mechanism of action was suggested to be the 
inhibition of neuropeptide release from afferent nociceptive nerve endings. Because 
the mammary glands were removed in the surgery, the toxin probably exerted its 
effects in the central nervous system rather than in the periphery. BoNT molecules 
have been shown to undergo retrograde transport via the axon from the peripheral 
nerve ending into the cell soma and to bridge synapses while preserving their activ-
ity [23, 24].

Bringing the dog to the clinic for premedication before surgery might be incon-
venient for some dog owners. However, premedication with BoNT-A could be con-
sidered as an adjuvant pain therapy, especially for dogs in which nonsteroidal 
anti-inflammatory drugs are contraindicated.

 Application of BoNT as Paralytic Agents in Dogs

Paralytic agents are seldom used in veterinary patients. Conditions leading to pain-
ful muscle overactivity are rare, and severely disabled animals are euthanized to 
spare them further suffering. There are no controlled studies on the paralytic effects 
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of BoNT in animals, but a few case series and case reports have been published. In 
addition, two case series have exploited the toxin’s anticholinergic effects in the 
treatment of lower urinary tract disease and ptyalism in dogs.

A recent retrospective case series described the use of BoNT-A in the treatment 
of lower esophageal sphincter achalasia-like syndrome (LES-AS) in 14 client- 
owned dogs [25]. The main clinical sign was regurgitation, and almost all the dogs 
had megaesophagus. A condition resembling human lower esophageal achalasia 
was diagnosed. All dogs were treated with mechanical dilatation of the lower esoph-
ageal sphincter following injections of BoNT-A. A total of 32 U of onabotulinum-
toxinA was injected in the lower esophageal sphincter area. The dogs were presented 
for follow-up at a median of 21 days after treatment. The body weight of the dogs 
had markedly increased, the frequency of regurgitation reported by the owner was 
significantly reduced, and all owners reported subjective clinical improvement. 
Megaesophagus was not resolved and there were no changes in esophageal motility, 
but gastric filling had improved, explaining the clinical improvement. However, the 
median duration of the effect was only 40 days. Six dogs were further surgically 
treated. Two complications were reported after BoNT-A injections. One dog devel-
oped aspiration pneumonia and another developed gastroduodenal-esophageal 
intussusception and hiatal hernia requiring surgical treatment.

BoNT-A injections combined with mechanical dilatation thus appeared to be 
effective in the treatment of dogs suffering from LES-AS, but the short duration of 
the effect, which would require repeated procedures, was considered disappointing. 
The authors suggested that the response to BoNT treatment could be used to select 
the LES-AS patients which would benefit from surgery and that repeated BoNT 
injections could be used to allow the animals to grow before the definitive surgical 
treatment. It is not known how much of the improvement was due to the BoNT-A 
injections rather than to mechanical dilatation.

Three case reports describe the use of BoNT as a paralytic agent in dogs. Rogatko 
et al. (2016) reported a case in which repeated BoNT-A injections were successfully 
used for the treatment of neuromyotonia and myokymia in a dog [26]. The case was 
a five-year-old Maltese dog suffering from persistent muscle contractions and invol-
untary continuous muscle activity in the right thigh after receiving radiation therapy. 
The condition was refractory to conventional treatment. The affected muscles were 
injected with a total dose of 24 U of onabotulinumtoxinA, resulting in the resolution 
of the clinical signs in 10 days. The injections were successfully repeated at 3- to 
4-month intervals for more than a year without adverse effects.

Another case report describes the use of BoNT injections to treat severe myoclo-
nus in a 13-month-old mixed-breed midsized dog suffering from canine distemper 
encephalomyelitis [27]. It had developed tetraparesis and severe, debilitating myoc-
lonus 8 months after the owner had found it in poor condition. After several other 
treatment methods had failed, a total amount of 100 U of onabotulinumtoxinA was 
injected into the most affected muscles. The procedure was repeated with 140 U of 
BoNT-A 18  days afterwards, after which the clinical signs subsided for several 
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months: The dog was reported to be ambulatory and able to run long distances 
180 days after the injections. The dog had an episode of hyperthermia and weakness 
of the thoracic limbs 15 days after the second injection, which were thought to be 
adverse events caused by the toxin. However, the weakness rapidly resolved 
within 2 days.

Rinaldi et  al. (2014) described a case in which onabotulinumtoxinA injection 
was used to treat delayed gastric emptying in an Australian Shepherd which had 
developed functional gastric outflow obstruction after several surgeries due to bile 
leakage and peritonitis [28]. A total amount of 400 U of onabotulinumtoxinA (91 U/
kg) was injected into the pylorus in a laparoscopically assisted procedure. Both the 
dog’s condition and its gastric emptying were improved after the injections, but 
euthanasia due to pancreatitis was performed 11 days afterwards. Pancreatitis was 
most likely a consequence of the primary condition of the dog, but diffusion of the 
toxin into the pancreas could not be excluded. Despite the final undesirable out-
come, the authors argued that BoNT-A injection as a potential therapeutic modality 
for pyloric spasm warrants further investigation.

Treatment of blepharospasm was one of the first indications for BoNT injections 
in medicine [29]. Despite this, only one case report describes the use of BoNT injec-
tions to treat this condition in a dog [30]. A total amount of 200 U of abobotulinum-
toxinA was injected into the orbicularis oculi muscle of both eyes of a 3-year-old 
Great Dane suffering from bilateral essential blepharospasm refractory to conven-
tional treatment. Improvement in the condition was evident within 3 days, and the 
spasms were reported to have completely disappeared 6 days after treatment. In the 
following 3 years, the dog received repeated injections at 3- to 4-month intervals.

In addition to dogs, one case report is available in which BoNT injections were 
used to treat congenital right hind limb arthrogryposis in a cat (2007) [31]. An 
11-week-old cat was presented to a veterinarian for congenital right tarsal deformity 
and non-weight-bearing lameness. The cat received 20 U of onabotulinumtoxinA 
into the spastic right gastrocnemius muscle. Despite this treatment, the cat did not 
start to bear weight on the limb, and the condition was then successfully treated with 
surgery. This was the first report to describe the use of BoNTs in cats.

 BoNT Injections in Lower Urinary Tract Disorders in Dogs

BoNT injections are considered effective in the treatment of lower urinary tract 
disorders such as neurogenic detrusor overactivity and non-neurogenic overactive 
bladder in human patients [32, 33]. The effects of intramuscularly injected BoNT in 
the bladder are thought to be produced by inhibition of the nociceptive and para-
sympathetic pathways, because its receptor and intracellular target proteins are not 
expressed in urothelial or bladder muscular cells [34].
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The use of BoNT injections in dogs with lower urinary tract disease has been 
described. Lew et al. published a prospective case series in which BoNT injection 
was used to treat urinary incontinence in 11 client-owned bitches in 2010 [35]. The 
dogs suffered from clinical urinary incontinence with no detectable underlying rea-
sons. The dogs represented various breeds and were aged 2–8 years. Nine of the 
dogs were neutered. The dogs were treated with 50–100 U of onabotulinumtoxinA, 
depending on the size of the animal. The toxin was injected submucosally into the 
bladder wall in a cystoscopic procedure. The evaluation of the treatment effect was 
left to the dog owners. One dog did not respond to treatment, while urinary inconti-
nence decreased in all the other dogs, for a variable time period, in their owners’ 
assessment. The duration of the treatment effect ranged from 1 to 13 months, the 
average being 5 months. Although controlled studies with objective outcome mea-
sures should be conducted, BoNT injections might provide an alternative treatment 
for dogs suffering from urinary incontinence refractory to conventional treatment.

A case series describing the effect of intraprostatic BoNT injections in the treat-
ment of benign prostatic hyperplasia in dogs [36] is also available. Eight client- 
owned, intact, midsized, and middle-aged male dogs were included in the study. All 
dogs had clinical signs of benign prostatic hyperplasia such a hematuria, urethral 
bleeding, or constipation, and their prostate was enlarged. A total 250 U of onabotu-
linumtoxinA was injected into the prostate of the dogs, equally divided between the 
two lobes. The treatment effect was evaluated up to 16 weeks after treatment. In 
addition, semen was collected before and after the procedure.

Urethral bleeding resolved in all dogs and hematuria in all but one. The duration 
of the effect was not reached in the 16-week study. Two dogs that suffered from 
constipation before the injection did not show clinical improvement regarding this 
clinical sign. The prostatic diameter or volume did not change significantly from the 
baseline values. Interestingly, the treatment had no effect on the libido of the dogs, 
nor on the quality of their semen. Two dogs were allowed to mate successfully after 
the injection. No abnormalities were detected in the following pregnancy, gestation 
duration, or litter size.

Benign prostatic hyperplasia is a very common condition among older intact 
male dogs, affecting 80% of those over 5 years of age [37]. It is best treated by cas-
tration, although androgen suppression therapy is also commonly used if castration 
is declined by the dog owner or if anesthesia is contraindicated. This case series 
suggests that BoNT injection might be considered an alternative treatment for 
breeding male dogs suffering from benign prostatic hyperplasia. However, in a 
recent meta-analysis in human patients, BoNT injection showed no benefit over 
placebo in the treatment of benign prostatic hyperplasia in men, and the clinical 
efficacy of BoNT injections detected in previous studies has been attributed to a 
marked placebo effect [38].

One paper presents a dog in which severe ptyalism was successfully treated with 
BoNT-A injections into both mandibular salivary glands [39]. The dog was an 
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11-year-old Collie with ptyalism due to difficulty in swallowing because of esopha-
geal adenocarcinoma. Ptyalism was reported to be decreased after the injections for 
the 12 weeks until the animal was euthanized. However, assessing the treatment 
effect of the toxin is difficult, because in addition to BoNT injection, an esophageal 
stent was placed at the same time to improve swallowing and relieve the mass effect 
produced by the carcinoma in the esophageal lumen.

BoNT injections have also been studied in dogs for application to human therapy 
of several disorders, including the induction of ptosis [40] and cricothyroid muscle 
paralysis [41], the reduction of prostatic contractility [42] and parasympathetic acti-
vation of the heart [43], the inhibition of biliary leakage [44], and the reduction of 
salivary gland [45] and nasal secretions [46].

 BoNTs in Equine Veterinary Medicine

A few publications describe the use of BoNT in equine medicine. From the veteri-
nary point of view, equids and companion animals differ in the aim of the treatment. 
In addition to reducing the amount of suffering of the individual animal, the aim of 
treatment in equids is often to fully recover the previous level of performance. Not 
reaching this aim might lead to economic loss for the owner and euthanasia of the 
animal. Perhaps the most promising studies investigate BoNT as adjuvant to lami-
nitis pain therapy in horses, and one controlled study exploits the direct antinocicep-
tive effects of BoNT in the treatment of horse lameness.

Laminitis is a common debilitating condition in equids, affecting approximately 
1.5–24% of the equine population [47] and resulting in economic loss in the horse 
industry and discomfort and pain, lameness, loss of performance, and euthanasia of 
the affected animals. For long, laminitis was considered a dreaded consequence of 
severe systemic inflammation or, more rarely, of mechanical overload on the 
affected limb [48]. However, endocrinopathies such as pituitary pars media dys-
function and hyperinsulinemia associated with equine metabolic syndrome have 
recently been shown to be the leading causes of laminitis in equids [49]. Laminitis 
is characterized by the disruption of the lamellar tissue between the distal phalanx 
and the epidermis of the keratinized hoof wall. In a healthy animal, this lamellar 
region attaches the distal phalanx to the hoof capsule, resisting the pull of the deep 
digital flexor tendon attached to the caudal aspect of the distal phalanx. The disrup-
tion of this tissue results in pain, separation of the distal phalanx from the hoof wall, 
and displacement of the distal phalanx inside the hoof capsule [50, 51].

Equine laminitis remains a therapeutic challenge for veterinarians. The aim of 
the treatment is to treat the underlying causative factor, provide analgesia, and pre-
vent further lamellar damage and displacement of the distal phalanx. Treatment 
depends on the underlying etiology and includes diagnosis and treatment of the 
underlying cause, pain and anti-inflammatory medication, exercise restriction, digi-
tal hypothermia, therapeutic orthotics and shoeing, and dietary modification [52].
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Deep digital flexor tendon tenotomy has been reported to provide pain relief and 
improve prognosis in horses with chronic laminitis refractory to medical treatment 
[53]. The purpose of this procedure is to reduce the pull of the deep digital flexor 
tendon on the distal phalanx and prevent its displacement. With a similar aim, Carter 
and Reinfoe (2009) published a case series of seven laminitic horses in which the 
deep digital flexor muscle was chemically denervated with BoNT injections [50]. 
The horses were client-owned, suffering from acute or chronic laminitis, and of 
various ages and breeds. They received injections of 100–200 U of onabotulinum-
toxinA into the deep digital flexor muscle of either one or both front limbs. The 
horses’ response to treatment was followed for a period ranging from 6 weeks to 3 
years. The injections resulted in improvement in the condition of six of the seven 
horses, most becoming pasture-sound and one becoming pain-free during riding in 
all gaits. One horse was euthanized 6 weeks after the injections because of persis-
tent pain. No adverse events were reported.

The effects of BoNT-A on the deep digital flexor muscle were further investi-
gated by both Wijnberg and Hardeman in 2013 [54, 55]. They showed with quanti-
tative needle electromyography that BoNT-A injections reduce the activity of the 
deep digital flexor muscle in healthy horses, without systemic toxicity. In addition, 
Hardeman et al. reported that such chemodenervation does not cause lameness or 
change the weight distribution in the hoof of healthy horses, as iatrogenic gait 
abnormalities would prevent the use of this novel treatment in laminitis. There is 
some evidence of increased muscle force in the deep digital flexor muscle of lami-
nitic ponies and horses [56]. Thus, reducing this force with BoNT injections might 
provide a safe, noninvasive, and reversible adjuvant treatment of laminitis. However, 
the clinical efficacy of this treatment remains to be investigated in a controlled pro-
spective study in laminitic equine patients.

Wijnberg has also studied the efficacy of BoNT injections in two Dutch warm-
blood dressage horses suffering from stringhalt in 2009 [57]. Stringhalt is an uncom-
mon horse gait abnormality characterized by the spasmodic hyperflexion of one or 
both tarsi while walking [58]. Systemic anticonvulsants have been proposed as a 
medical treatment, and surgical treatment consisting of lateral digital extensor ten-
don myotenectomy has resulted in improvement [59, 60]. Wijnberg and colleagues 
injected a total amount of 700 U of onabotulinumtoxinA into the hind limbs of the 
two horses in four separate occasions in 28 days. Hyperflexion and adduction were 
reduced in the affected hind limbs for approximately 12 weeks, but the gait abnor-
mality was not totally abolished.

In addition to these results, the effect of a different BoNT serotype, botulinum 
neurotoxin B (BoNT-B), has been studied on anal pressure in healthy adult horses 
[61]. Reducing the anal tone is thought to be beneficial in the repair of perianal 
lacerations in mares after parturition. Seven horses received injections of rimabotu-
linumtoxinB (Myobloc, Solstice Neurosciences, USA) to their external anal 
 sphincter and five received saline injections as control. One horse received 2500 U, 
while the others received 500–1500 U of BoNT-B. Anal pressure was monitored 
with a custom-made probe for up to 168  days after the injection. The treatment 
resulted in a 38–89% reduction in anal pressure, depending on the amount injected. 
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The greatest reduction was measured in the horse receiving 2500  U (4.4  U/kg), 
15 days after treatment, after which anal pressure gradually increased to normal 
levels in 151 days. However, the same horse developed clinical signs of generalized 
botulism 10 days after the injection, including generalized weakness, low head car-
riage, diarrhea, and dysphagia, which resolved 24 days after the injection. The other 
horses did not experience clinical adverse effects.

Although BoNT injections reduced the anal pressure in healthy horses in this 
study, no studies have investigated how much BoNT injections benefit mares suffer-
ing from perineal lacerations. This study emphasizes the fact that generalized botu-
lism may be a concern when using BoNT injections in horses, which are among the 
species most sensitive to botulism [62].

Two controlled studies investigated the direct pain-relieving effect of BoNT 
injection in horses. Gutierrez-Nibeyro and colleagues (2013) published a study on 
BoNT-B injections in the treatment of lameness due to degenerative injury of the 
podotrochlear apparatus in 2014 [63]. The podotrochlear apparatus consists of the 
navicular bone and the associated soft tissue structures in the hoof region. Injury to 
these structures can result in acute or chronic front limb pain. Oral and intra- articular 
anti-inflammatory drugs, controlled exercise, corrective shoeing, and extracorpo-
real shockwave therapy have been used for the treatment of chronic lameness due 
degenerative injury to the podotrochlear apparatus [64, 65]. Still, the majority fail to 
recover their previous level of performance [65]. Interestingly, the pain in the soft 
tissue structures of the podotrochlear apparatus is mediated by nerve fibers contain-
ing substance P, calcitonin gene-related peptide, and neurokinin-A [66], all neuro-
peptides inhibited by BoNT. In the study by Gutierrez-Nibeyro et al. (2013), seven 
client-owned Quarter Horses suffering from chronic, bilateral, degenerative injury 
to the podotrochlear apparatus received an injection of BoNT-B into the navicular 
bursa. The limb with more severe lameness was treated, while the ipsilateral limb 
was not injected and served as control. RimabotulinumtoxinB at 3.8–4.5 U/kg was 
injected into the navicular bursa. The response to treatment was evaluated by veteri-
narians assessing lameness from video recordings in random order over 14 days. 
Lameness severity significantly decreased from baseline in the treated limbs. 
However, despite this improvement, the horses remained lame. The authors specu-
lated that this might have resulted from a too small dosage of BoNT-B or the fact 
that the pain did not arise exclusively from the navicular bursa. The control limbs 
were not injected, and therefore, it is not certain whether the reduction in lameness 
was produced by BoNT or by the injection itself.

In addition, the antinociceptive efficacy of IA BoNT-A has been studied in acute 
synovitis in four healthy experimental horses with somewhat surprising results [67]. 
Two horses received 50 U of onabotulinumtoxinA into the middle carpal joint of 
both limbs, while two horses serving as controls received injections of saline. Acute 
synovitis was induced with interleukin-1 β (IL-1β) injection into one of the injected 
joints of each horse 14  days afterwards, while the other injected joint served as 
control and received an injection of saline. The antinociceptive efficacy of BoNT-A 
was evaluated by veterinary evaluation and by a computer-assisted kinematic analy-
sis of lameness after the IL-1β injection. The horses were euthanized 15 days after 
the start of the study and the injected joints were histopathologically evaluated.
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Both the control horses developed prominent front limb lameness after the IL-1β 
injection. Interestingly, only one of the BoNT-A-treated horses developed lameness, 
while the other remained sound. Suppurative inflammation was detected in the his-
topathological examination of the synovia in all IL-1β-injected joints. No abnormal 
findings were noted in the joints injected with BoNT-A but not IL-1β. No adverse 
events were detected during the study.

The results of this study were surprising, as one horse responded to BoNT-A very 
well, while the other did not respond, although both had developed synovitis after 
the IL-1β injection. The discrepancy in the treatment response was not further 
explained in this study due to the small sample size.

 Conclusion

Only a few controlled studies and some case series have assessed the benefit of 
BoNT injections in veterinary medicine, and these are summarized in Tables 17.1 
and 17.2. As so often in this discipline, the number of animals in these studies is 
small, and many include only subjective outcome measures. The veterinary clini-
cian might be tempted to extrapolate study results from human medicine. However, 
different species differ in sensitivity to different BoNT serotypes [68]. Even in the 
same species and with a single BoNT serotype, different biological potency has 
been reported between different BoNT preparations provided by different manufac-
turers [15]. Therefore, further thoroughly planned controlled clinical trials with 
objective outcome measures are needed to reveal the true relevance of BoNT in 
veterinary medicine.

Table 17.1 Controlled clinical trials on BoNT in veterinary patients

Category Animals Treatment Control
Outcome 
measures

Study 
period Results

Treatment of 
OA pain in 
dogs [13]

16 client- 
owned dogs 
with hip OA
BoNT-A 
group: Age 
6.3 Y (3.9 Y) 
Mean (SD)
Weight 
25.1 kg 
(12.7 kg)
Control group:
Age 4.6 Y (2.3 
Y)
Weight 24 kg 
(7.8 kg)

IA 
injection of 
25 U of 
BoNT-A 
(Dysport)
N = 8

IA injection 
of saline
N = 8

HCPI, 
CBPI, 
veterinary 
evaluation

12 W No difference 
between 
groups in 
improvement 
in HCPI or 
CBPI
No adverse 
events

(continued)

17 Botulinum Toxin Treatment in Veterinary Medicine: Clinical Implications



350

Table 17.1 (continued)

Category Animals Treatment Control
Outcome 
measures

Study 
period Results

Postoperative 
pain 
treatment in 
dogs [20]

16 client- 
owned dogs 
with 
mammary 
gland tumors
BoNT-A 
group
Age 8.75 Y (3 
Y) Mean (SD)
Weight 13 kg 
(8 kg)
Control group:
Age 16 Y (12 
Y)
Weight 9.5 kg 
(2 kg)

Injection 
of 7 U/kg 
of BoNT-A 
(Botox) 
into 
mammary 
glands
N = 8

Injection of 
saline into 
mammary 
glands
N = 8

Modified 
GCMPS, 
VAS, 
rescue 
analgesia

10–14 
D

Significantly 
less pain in 
BoNT-A group 
compared to 
control group
No adverse 
events

Treatment of 
OA pain in 
dogs [11]

35 client- 
owned dogs 
with chronic 
stifle, hip, or 
elbow OA
Age 6.3 Y (3.2 
Y) Mean (SD)
Weight 
33.1 kg 
(8.8 kg)
Various breeds

IA 
injection of 
30 U of 
BoNT-A 
(Botox)
N = 16

IA injection 
of saline 
N = 15

Ground 
reaction 
forces, 
HCPI, 
veterinary 
evaluation, 
rescue 
analgesics 
used

12 W Significant 
improvement 
in BoNT-A 
group 
compared to 
control group 
and baseline. 
Local skin 
infection over 
injection site 
1/35 dogs, disc 
protrusion 
1/35 dogs

Treatment of 
chronic pain 
in horses [63]

7 client- 
owned horses 
with bilateral 
degenerative 
injury to 
podotrochlear 
apparatus
Age 11 Y 
(5–14 Y) 
median 
(range)
Weight 553 kg 
(490–590 kg)

Injection 
of 
3.8–4.5 U/
kg of 
BoNT-B 
(Myobloc) 
into the 
navicular 
bursa
N = 7

Injection of 
saline into 
the navicular 
bursa, 
contralateral 
limb N = 7

Veterinary 
evaluation 
of 
lameness 
from video 
recordings

14 D Significantly 
less lameness 
in BoNT-A 
treated limbs 
compared to 
saline-treated 
limbs
No adverse 
events

BoNT-A botulinum toxin A, CBPI Canine Brief Pain Inventory, D day, HCPI the Helsinki Chronic 
Pain Index, IA intra-articular, modified-GCMS modified Glasgow Composite Measure Pain Scale, 
OA osteoarthritis, VAS visual analogue scale, W week, Y year
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Chapter 18
Future Perspectives of Botulinum Toxin 
Application in Dentistry

Shahroo Etemad-Moghadam

Abstract In recent years, the therapeutic application of botulinum neurotoxin 
(BoNT) has expanded to encompass a variety of issues beyond its well-known 
usage for hyperkinetic movement disorders, autonomic hyperactivity, and facial 
rejuvenation. Dentistry is one of the fields that has benefited greatly from botulinum 
toxin therapy, as evidenced by multiple clinical trials which provided evidence for 
usefulness of this mode of therapy in common issues encountered in the field of 
dentistry (described in Chap. 16). In this chapter, the future potentials for BoNT 
therapy in the field of dentistry and its use in oral and maxillofacial region with its 
rich network of nerves and muscles are described. In addition, this chapter focuses 
on preclinical and preliminary studies on the effect of intramuscular injections of 
BoNT on craniofacial growth and proposes the possibility of using this toxin to 
influence the dentofacial complex during growth. Existing data or suggestions on 
the use of BoNT in implant dentistry, tongue thrust, temporomandibular joint dislo-
cation, bone/plate fractures, herpes simplex virus, angular cheilitis, and burning 
mouth syndrome are also presented.

Keywords Botulinum neurotoxin · Dentistry · Orthodontics · Gummy smile · 
Bone fracture

 Introduction

The head and neck constitute a complex arrangement of structures composed of a 
variety of tissues, including muscles and nerves, which work in harmony to provide 
the normal functions inherent to this area. As meticulously discussed in Chap. 16, 
there are multiple well-documented uses of botulinum toxin (BoNT) in this region 
for which considerable studies, some with high levels of evidence, have been per-
formed and are being used as reference by oral surgeons and dentists. However, 
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there are several other applications for this toxin which still lack a high level of 
scientific evidence and would benefit from further research based on randomized 
controlled trials, when possible. In this chapter, we present potential applications of 
BoNT for the treatment of less investigated issues in the orofacial complex and 
explore other ways to take advantage of this safe and accessible substance in differ-
ent areas and specialties of dentistry. Whether BoNT will gain widespread accep-
tance for use in these areas would depend on future research to confirm or reject its 
application. The cases presented herein are intended to familiarize practitioners 
with additional approaches to applying BoNT in clinical situations, where there is a 
need to avoid invasive procedures or to supplement an existing treatment.

 Orthodontics

Orthodontics is the art and science of providing the patient with an esthetically 
pleasing oral and facial appearance through correction of the teeth and jaws. It is 
sometimes paired with orthognathic surgery to treat dentofacial problems. Certain 
circumstances such as age, negative attitude towards orthodontic appliances, hesi-
tance to undergo orthognathic surgery, and a number of medical conditions limit the 
use of orthodontic therapy [1], and therefore, patients need to be presented with 
alternatives that offer acceptable results. Additionally, a number of factors including 
muscular activity can compromise the outcome of orthognathic surgery leading to 
its instability and relapse [2]; the potential impact of these factors needs to be 
reduced as much as possible with simple techniques. Finally, if feasible, access to 
uncomplicated methods to manipulate growth and development of the dentofacial 
complex in a desirable direction could help avoid going through subsequent more 
intricate treatments.

Within this context, BoNT injection can be a valuable tool in orthodontic treat-
ments and it may be used in different aspects of this specialty. A selection of appli-
cations ranging from treatment of existing issues to prevention of relapse and the 
possibility of manipulating growth is presented below:

 Treating Existing Issues

 Gummy Smile or Excessive Gingival Display

Definition Maxillary gingival display of more than 3 mm upon smiling is known as 
“gummy smile” and is regarded as unattractive by most people. Various etiologic 
factors have been identified for this condition, one of which is hyperactivity of the 
muscles responsible for lip elevation. Accordingly, different treatment methods 
ranging from orthodontic therapy to surgical procedures have been used to improve 
the esthetic appearance of these patients [3–5]. In many cases, patients and/or clini-
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cians decide on nonaggressive methods that cause the least posttreatment morbidity, 
regardless of the specific etiologic factor. Therefore, BoNT injections would be a 
perfect choice, even in cases other than those caused by muscular hyperactivity that 
could be camouflaged with labial modification.

Treatment of Cases with Muscular Etiology Excessive gingival display due to lip 
muscle hyperfunction includes individuals who demonstrate normal maxillary 
dimensions on cephalometric analysis, but display 2 mm of the upper incisors while 
their lips are at rest [3]. Gummy smilers have been shown to possess more powerful 
lip-elevating muscles compared to individuals with normal lip lines [3, 6]. To elimi-
nate this problem, numerous surgical methods have been employed through the 
years [4] including muscle detachment from the underlying bone to lower the lip 
[7], partial amputation of the levator labii superioris muscle (with or without the 
addition of a spacer) [8, 9], subperiosteal cutting of the labial elevators through the 
exterior aspect of the nasal septum [10], and surgical remodeling of the gingiva and 
alveolar bone [11]. In addition to being complex, time-consuming and expensive 
surgical procedures carry the risk of complications such as formation and contrac-
tion of scar tissues [3, 12]. BoNT has been used to treat gummy smile for nearly a 
decade; however, a uniform and standardized application method is still lacking.

Muscles Involved in Gummy Smile Appearance In order to achieve optimal treat-
ment results with BoNT injections, the muscles responsible for lip activity and their 
best access points should be identified. Different studies have proposed different 
muscles as targets for injection, with the levator labii superioris alaeque nasi being 
the most commonly proposed target [13].

Mazzuco and Hexsel [12] analyzed muscle function and localized each of the 
muscle groups responsible for moving a specific part of the lip and used it to classify 
gummy smile into anterior, posterior, mixed, and asymmetric subtypes. They 
reported levator labii superioris alaeque nasi, levator labii superioris, zygomaticus 
minor, zygomaticus major, and risorius to be the major muscles associated with 
gingival exposure, providing a guide for patient-based injections (Fig. 18.1) [12].

Number of Injections Different studies have reported between 1 and 3 injections 
per side, some with the additional use of electromyography [3, 4, 12, 13]. In order 
to minimize the number of injections, the Yonsei point was introduced as a single 
spot situated at the intersection of the levator labii superioris alaeque nasi, levator 
labii superioris, and zygomaticus minor muscles. This point could be easily located 
in both males and females, at the crossing of a horizontal line drawn 1 cm lateral 
from the ala and a vertical line drawn 3 cm above the lip line, when the lips are at 
rest (Fig. 18.2) [3]. Initially, the Yonsei point was established based on information 
gathered from Asian subjects [3], but further studies in other populations reported 
significant improvement of gummy smiles following single injections into this point 
[13–15].
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Evidence for Effectiveness of BoNT A considerable number of reports, with the 
number of patients ranging from 1 to 52 [3, 4, 12–20], have indicated BoNT to be 
an effective method for the treatment of gummy smile. Nevertheless, there is a lack 
of randomized controlled trials on this subject. A total of 3 clinical trials specific to 
gummy smile and BoNT are listed in the Clinical Trials Registry  (https://clinicaltri-

Fig. 18.1 Subtypes of gummy smile and the major muscles involved in each type. (Adapted from 
Ref. [12] and reproduced with permission from Publisher: Elsevier)

Fig. 18.2 The Yonsei point at the convergence of three muscles involved in lip function including 
levator labii superioris alaeque nasi, levator labii superioris, and zygomaticus minor muscles. (The 
schematic image (left) is reprinted from Kwon KH, Shin KS, Yeon SH, Kwon DG. Application of 
botulinum toxin in maxillofacial field: part I. Bruxism and square jaw. Maxillofac Plast Reconstr 
Surg. 2019 Oct 1;41(1):38 which has been made available under http://creativecommons.org/
licenses/by/4.0/, the right image is obtained and modified from https://unsplash.com/ “internet’s 
source of freely usable images”)
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als.gov/). However, their status is “not yet recruiting” (NCT03717987), “with-
drawn” (NCT03284047), and “unknown” (NCT03186547).

Three systematic reviews have evaluated BoNT in the treatment of gummy smile 
[21] and assessed its ideal dose [15] and duration of effectiveness [22]. According 
to their results, when administered by an experienced clinician, BoNT is a safe, 
reversible, and effective method to treat excessive gingival exposure, either as a 
separate treatment or as accompanying other techniques.

The levator labii superioris alaeque nasi was reported to be the most important 
muscle when using this protocol [21]. BoNT dosage generally depends on its for-
mulation, potency, or the practitioner’s experience and preference. A total dose of 
5  IU onabotulinum toxin per side was reported to be effective, with subsequent 
follow-up administrations, as necessary. The Yonsei point was considered a conve-
nient target for injection in all types of gummy smile [15]. There is a gradual reduc-
tion of the paralyzing effect of this toxin, which continues up to week 12 and, even 
then, may not completely return to baseline levels. Gummy smile patients remain 
free of excessive gingival exposure for at least 8 weeks, postinjection [22].

All three systematic reviews highlighted a lack of randomized controlled trials 
and high-quality studies for the use of BoNT in the treatment of gummy smile [15, 
21, 22].

Considerations and Adverse Effects Certain facts should be contemplated when 
selecting BoNT for the treatment of gummy smile:

• Gingival display is more pronounced in females compared to males and it 
becomes less conspicuous with age due to an increase in upper lip length follow-
ing loss of soft tissue volume and support [23, 24]. Therefore, spontaneous cor-
rection is expected up to a certain level, particularly when dealing with male 
patients [23].

• Most adverse effects of BoNT are temporary and treatable in follow-up sessions; 
nonetheless, they should be considered when deciding to use it in clinical prac-
tice. Unwanted consequences of injection for the treatment of gummy smile 
reported in the literature include but may not be limited to asymmetric smile, 
difficulty in smiling, “sad smile” [12], pain and twitching at injection site, head-
ache, vertigo [15, 21], “joker smile,” protrusion of the lower lip, drooling [25], 
and in one case appearance of a horizontal depressed line when smiling [26].

Before administering BoNT, we have to make sure that the toxin is injected only 
into the muscle and does not enter the bloodstream; for this purpose, aspiration is 
suggested before completing the injection [23, 24].

Concluding Remarks In conclusion, there is a need for further research and well- 
designed trials that can lead to the establishment of a set of universally accepted 
guidelines for the proper use of BoNT in the treatment of gummy smile. Researchers 
are currently working on this important task [27] and one of the pioneers in this field 
has suggested an injection protocol based on the amount of gingival display 
(Table 18.1) [28].
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 Preventing Issues Following Orthognathic Surgery

 Treatment Relapse

One of the most common options for the treatment of dentoskeletal discrepancies is 
the combination of orthodontics and orthognathic surgery. A major consideration 
after achievement of the desired dentofacial appearance is to maintain the stability 
of hard and soft tissues, or in other words to prevent relapse. Treatment relapse is 
dependent upon a number of factors, one of which is the activity of facial mus-
cles [2].

Following orthognathic surgery, the original relationship of the jaws is altered, 
and as a consequence, the muscular system tries to adapt by making modifications 
in the size and/or function of the involved musculature [29]. Masticatory muscles 
tend to return to their original state, which is due to the activation of stretch recep-
tors. Therefore, BoNT would be a good option to consider when trying to sustain 
postoperative stability and prevent muscular tension [30]. This is especially true 
when comparing simple injections to the use of more invasive methods such as 
myotomy [31]. Additionally, considering that the majority of relapse following 
orthognathic surgery occurs within the first 6 months, the transient nature of BoNT 
would not be a problem in these cases [32].

Supporting Studies
• Patients with skeletal class II malocclusions have mandibular deficiency. When 

this condition is accompanied by anterior open bite, their treatment can involve 
counterclockwise rotation of the mandible and a high rate of posttreatment 
relapse is expected. A 21-year-old woman with this type of facial deformity was 
treated with presurgical orthodontic therapy, orthognathic surgery, and double 
genioplasty. This was immediately followed by injection of a total dose of 20 U 
BoNT (Meditoxin, Type A) into 4 points of the anterior belly of the digastric 
muscle (Fig. 18.3). A 15-month follow-up of this patient showed complete reten-
tion and no relapse [32].
The same injection has been suggested to treat open-bite patients who do not 

respond to comprehensive rubber traction [33].

Table 18.1 Injection guide based on the amount of gingival exposure as proposed by Polo. 
Adapted from reference 28, with permission from Publisher: Oxford University Press

Gingival exposure 
(mm) Injection sites Number (location)

Dosage per side 
(U/site)

Total units 
(U)

4–5 1 (overlapping area of LLSAN/LLS) 2 4
5–7 1 (overlapping area of LLSAN/LLS) 2.5 5
7–8.5 2 (overlapping area of LLSAN/LLS; 

overlapping area of LLS/Zmi)
2 8

>8.5 2 (overlapping area of LLSAN/LLS; 
overlapping area of LLS/Zmi)

2.5 10

LLSAN levator labii superioris alaeque nasi, LLS levator labii superioris, Zmi zygomaticus minor
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• Deep bite occurs when maxillary incisors cover more than the normal percentage 
of the mandibular incisors, and in some cases, the lower anterior teeth come into 
contact with the palatal surface of their opposing antagonists or the palatal 
mucosa. Along with retroclination of the maxillary incisors, deep bite is a major 
finding in class II division II individuals. Relapse has been reported in one-third 
of patients treated for this malocclusion. Twenty units of BoNT (Botox®, 
Allergan) was administered bilaterally into the mylohyoid muscles of 8 deep-bite 
class II division II adult patients treated with orthognathic surgery and compared 
to 24 controls with the same malocclusion and treatment method, except for the 
injections. According to the results, none of the BoNT-treated patients exhibited 
relapse, while more than half the controls showed signs of relapse after a maxi-
mum of 1-year follow-up. The backward pull of the mylohyoid muscles in 
response to advancement of the mandible during surgery was considered to be a 
responsible factor for relapse, which was relieved by BoNT injection in this 
study, hence, the decreased occurrence of relapse [ 34].

Concluding Remarks The mechanisms and likelihood of posttreatment relapse 
vary among different types of surgical procedures. Also, depending on the type and 
direction of surgery, muscles would be affected differently (traction versus pres-
sure), resulting in distinct impacts on the bone and different amounts and forms of 
relapse [31, 32, 34, 35]. Therefore, targeting the specific muscles known to be 
affected by the particular type of surgery and reducing its negative impact on the 
supporting bone, would be extremely helpful in clinical practice. Consequently, 

Fig. 18.3 Injection of BoNT (Meditoxin Type A) into four points (stars) of the anterior belly of 
the digastric muscle. Five units were administered into each point. (Original figure is reprinted 
from Ref. [32] with minor changes to the legend, which has been made available under http://cre-
ativecommons.org/licenses/by/4.0/)

18 Future Perspectives of Botulinum Toxin Application in Dentistry

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


366

where ethically permissible, there is a need for well-designed, controlled clinical 
trials developed separately for the different surgical protocols and malocclusions in 
order to gain access to an acceptable approach to help reduce relapse.

 Sculpturing Facial Bones During Growth

Premise As long as an individual is still growing, the position and growth direction 
of the teeth and jaws could be altered by noninvasive measures. However, after 
skeletal maturation, the clinician usually resorts to more aggressive procedures, 
such as surgery [36]. If skeletal development could be controlled through manipula-
tion of soft tissues during growth, future orthognathic surgery might be avoided or 
less complicated.

Definition Growth and development of facial structures is an extremely complex 
process, as evidenced by the multiple theories intended to provide an explanation of 
the mechanisms responsible for its occurrence and progression [37]. One of the 
most important hypotheses was the functional matrix theory by Moss (1968), which 
strongly supported the role of extrinsic and epigenetic factors in cephalic develop-
ment. While recognizing the contribution of genetics, emphasis was placed on 
external stimuli which induced a response in the supporting bone, ultimately lead-
ing to the promotion of bone growth [37, 38]. One of the major external stimuli in 
the dentofacial complex is that elicited by the masticatory muscles, which have been 
widely exploited in orthodontic treatments with devices such as the Frankel appli-
ance and lip bumper.

Such myofunctional appliances are activated through muscle function, which in 
turn transmit (or prevent) force to dental and osseous hard tissues causing change 
[39]. Using shields in the buccal and labial vestibules, these devices theoretically 
permit the targeted bone and teeth to grow laterally and anteriorly [40, 41]. Similarly, 
tongue cribs are suggested to help overcome tongue thrust and infantile swallowing 
habits, which are occasionally associated with open-bite and flared incisors, leading 
to stability of treatments aimed at correcting these issues [42].

The same concept could be applied to the use of BoNT. This toxin could reduce 
the function and force of overactive muscles to allow hard-tissue growth or reposi-
tioning, where needed. An in-depth comprehension of the muscular anatomy and 
the direction of muscle movement is essential for more precise prediction of the 
effect of injections. Different amounts of pressure generated by the lip, buccinator, 
and tongue muscles can induce changes in both dental inclination [43, 44] and facial 
growth pattern [45], according to some investigators.

Initial Evidence Several animal studies have been conducted to investigate the 
effect of BoNT injection on facial bones during growth, which have shown the 
capability of BoNT to impact these structures [46–54] (Table 18.2). BoNT injection 
into the masseter of adult humans has resulted in modification of the alveolar bone, 
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digastric fossa [55], condyle [55, 56], and mandibular angle [57] in some studies, 
but not others [58].

Application in Children The effect of BoNT on bones may be even more con-
spicuous in growing children who have not reached full development. In the head 
and neck regions, this toxin has been used for treating sialorrhea in 4- to 18-year-old 
individuals [59, 60], as off-label treatment in pediatric otolaryngology/laryngology 
patients older than 2 years [61], strabismus [62], conservative management of dis-
placed condylar fracture in a 3-year-old child [63], and chronic migraine in adoles-
cents [64].

We found one study in a growing child (an 8-year-old girl) who was injected with 
a total dose of 10 U BoNT into two points of her masseter muscle following orth-
odontic therapy to correct a masticatory movement disorder, facial asymmetry, and 
unilateral masseter hypertrophy. After this combined treatment, ramus height nota-
bly increased on the opposite (non-injected) side, correcting the transverse devia-
tion of the upper jaw. It was concluded that mandibular growth could be modified 
by reduction of masseteric hypertrophy [65].

Concluding Remarks Clearly, there is a lack of strong evidence regarding the 
effect of muscle injections of BoNT on the growth and development of facial hard 
tissues, especially in children and adolescents. Considering that this age group, 
especially those with skeletal and dental malocclusions, may benefit most from this 
safe and simple approach, prospective studies and randomized controlled trials are 
necessary, when possible. The importance of BoNT treatment becomes more evi-
dent when considering the difficulties encountered in current routine treatments 
such as lack of compliance of young patients to use myofunctional devices [66], 
inability to manage the growth potential of soft tissues, unexpected complications 
in the rotation of the mandible, and relapse of more invasive methods such as dis-
traction osteogenesis [47]. However, as mentioned in Chap. 16, the effect of muscle 
force on bone quantity/quality and mechanical properties of the temporomandibular 
joint should be given focused attention, when considering the use of BoNT. There 
is a long way to go before information from various studies can be incorporated into 
clinical treatments for this age group, especially considering that they are ethically 
regarded as a vulnerable population for use as subjects in clinical trials.

 Treatment of Parafunctional Habits

Definition Habits are described as actions that are performed repeatedly and auto-
matically. Parafunctional habits are behaviors that are enacted by a body organ in a 
manner beyond the original purpose/function of that organ. In the oral cavity, it 
includes actions other than mastication, swallowing, and talking which could appear 
in a wide array of behaviors such as bruxism, clenching, lip- or nail-biting, digit/
object sucking, or chewing and tongue thrust. Muscular hyperactivity is a common 
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finding among these habits. Additionally, they can be destructive to the gnathic and 
dentoalveolar complex and/or any type of restoration placed within this system 
including fillings, crowns, bridges, and implants [67, 68]. Therefore, the use of 
BoNT to reduce the excessive force of these behaviors in order to minimize their 
negative effects could be an acceptable choice.

Here, we discuss the available literature on the use of BoNT in eliminating the 
effects of parafunctional habits on implants, and also, we hypothesize the impact 
that treating these habits could have on preventing dentoskeletal problems.

 BoNT in Implant Dentistry

Definition Bruxism, clenching, and tongue thrust are the main parafunctional hab-
its noted to be associated with implant failure [68]. Study results on the effect of 
bruxism on different aspects of implants are conflicting, with some regarding it as 
an important cause of biological and mechanical failure [68, 69] and others main-
taining that its role is mainly mechanical, only resulting in issues such as screw 
loosening and porcelain/implant fractures as opposed to problems such as impaired 
osseointegration [70] (discussed in Chap. 16).

Clinical Evidence In a study by Mijiritsky et al. [71], the efficacy of preoperative 
administration of BoNT-A was evaluated in 13 bruxism patients receiving immedi-
ately loaded implants set in fresh extraction sockets for full-arch restorations and 
compared with 13 controls with the same characteristics. Injections of BoNT 
(Dysport) were delivered 3 weeks before surgery in the test group. For the temporal 
muscles on each side, a total dose of 70 U was injected into 4 points in an area 
located on the zygomatic arch and temporal region. For each masseter, a total dose 
of 90 U was administered into 3–4 points in proximity to the mandibular angle. 
Follow-up (18–51 months) revealed no implant failure in the test group. Of the 103 
implants placed in this group, only 4 implants in one patient showed 1- to 2-mm 
bone loss. In contrast, among the 102 implants placed in the control subjects, 2 
implants were lost in 1 individual and 3 implants in another patient demonstrated 
2-mm bone loss.

Another recent study on bruxism patients receiving delayed loaded implants for 
full-arch restoration of the upper jaw showed less prosthetic complications in 5 
patients injected with BoNT (masseter and temporal muscles) compared to the same 
number of controls without BoNT treatment at the end of a 2-year follow-up [72].

There are also case reports using Botox (Allergan) [73], 200 U Dysport [74], and 
400 U Dysport [75] to inject masseter muscles before or during implant treatment 
in patients with bruxism and hypertrophic masseters with successful results.

Concluding Remarks It is noteworthy that despite promising findings reported in 
the literature, randomized controlled studies on this subject are still lacking. The 
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need for trials on the efficacy of BoNT in implant dentistry has been noted since 
2007 [76]. Randomized controlled trials for the possible use of BoNT during the 
“stability dip phase of integration” or periodic injections in patients with bruxism 
receiving full-arch immediately loaded implant-supported prosthetic rehabilitations 
are underway [77].

 Theoretic Prevention of Dentoskeletal Issues

Tongue Thrust Parafunctional tongue thrust is defined as either an abnormal pres-
sure of the tongue against the teeth in the course of swallowing or its passive ante-
rior positioning during rest. The former is also known as an “atypical swallow” and 
its relation to malocclusion is controversial, while the latter has been more com-
monly associated with problems such as open bite, proclination of incisors, and 
lisping [78]. In any case, reduction of tongue pressure during orthodontic therapy 
and retaining it after treatment could help preserve the stability of the corrected 
dentoalveolar relation [79]. Some clinical studies have suggested that after orth-
odontic treatments, the tongue adapts to the new position of the teeth. The reduced 
tongue pressure following tongue crib utilization was shown to remain in a dimin-
ished state, even after removal of the tongue crib [80]. Therefore, considering that 
appliances such as tongue crib could be displeasing for the patient, BoNT may be a 
potential substitute and its transient nature would not be a problem due to the adap-
tive behavior of the tongue.

Tongue Injections Complications involving swallowing, speech, and chewing 
have been reported following administration of BoNT into the lingual muscles. To 
overcome these issues, injection into the extrinsic muscles of the tongue has been 
suggested while avoiding intrinsic muscles [81]. On the other hand, for an unrelated 
problem (dystonia) [82], lingual muscle injections by BoNT were reported to be 
safe when the clinician had a thorough knowledge of muscle anatomy.

Concluding Remarks BoNT could be considered as a treatment or an adjunct to 
other procedures that help resolve the symptoms caused by tongue thrust. Well- 
designed studies and randomized controlled trials, when possible, can help eluci-
date the effectiveness and safety of BoNT for the treatment of those tongue thrusts 
that lead to clinical problems.

 Oral and Maxillofacial Surgery

As discussed in Chap. 16, popular uses of BoNT by oral surgeons include treatment 
of temporomandibular disorders, sialorrhea, orofacial pain [83, 84], and promotion 
of facial wound/scar healing [85–87]. Other areas where application of this toxin 
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could be considered as a therapeutic option but requires further investigation are 
listed below:

 Temporomandibular Joint Dislocation

Definition and Existing Treatment Options Temporomandibular joint dislocation 
occurs when the condyle moves anteriorly to a location in front of the articular emi-
nence during jaw movement and causes a lock in an open position. Subsequently, 
the masticatory muscles react by going into spasm and prevent the condyle from 
relocating to its normal position. When there are recurrent episodes of dislocation, 
a number of treatment modalities based on the responsible etiologic factor are used. 
These include occlusal adjustment and parafunctional habit therapy, autologous 
blood injection, surgical intervention and administration of BoNT as an adjunct to – 
or independent of – intermaxillary fixation and surgery [88–90].

Clinical Application of BoNT Despite the fact that BoNT treatment for temporo-
mandibular dislocation is off-label, its application has been suggested to be included 
as a new indication [91]. BoNT injection with or without the use of electromyogra-
phy to treat temporomandibular dislocation has mostly been presented as case 
reports and case series of patients with or without other underlying diseases [92–
100]. The largest number of patients (32) was studied by Yoshida et al. [92], who 
also reported the longest follow-up among these studies (75 months). In general, 
favorable outcomes, with minimal and usually transient side effects, have been 
reported for BoNT treatment of dislocations [91–93, 95–100].

A study compared intraoral pterygoid injection of 35 U Botox® (Allergan) with 
intermaxillary fixation in 20 patients and followed them for 6 months. The BoNT 
group, in contrast to the intermaxillary fixation patients, showed significant improve-
ment in pain levels based on the visual analogue scale [101].

According to a recent review by Renapurkar and Laskin [102], as well as other 
investigations [88, 90, 91], level 1 evidence studies for the treatment of temporo-
mandibular dislocation have not been published and most investigations have pro-
vided level 4 evidence.

Dosage Single-muscle injections of Botox® (Allergan) [92, 93, 96, 101], Dysport 
[93, 95], and BoNT-A (Lanzhou) [99] were used with doses ranging from 20 U to 
50 U, 50 M U (mouse unit) to 150 MU, and 25 U to 50 U, respectively. According 
to Daelen et al. [95], “In terms of quoted MU, the toxin preparation Botox is appar-
ently 3-5 times more potent than Dysport.”

Muscle(s) The lateral (external) pterygoid was accessed either intraorally [92, 96, 
101] or extraorally [93–95, 99, 100] for unilateral or bilateral injections, depending 
on the patient and study. The superficial masseter and lateral pterygoid were both 
injected extraorally in one patient, with the masseter receiving injections at 4 points 
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on the mandibular angle [95]. In another case, injections were administered in the 
lateral pterygoid and the anterior bellies of both digastric muscles [94].

Access Intraorally, the pterygoid was located at the mucobuccal fold of the distal 
root of the upper second molar. For injection, a posterior-superior angle of 30° to the 
occlusal plane and 20° medially was used to insert the needle to a depth of 20–30 mm 
[92]. In another study [96], the needle insertion point was located halfway on the 
anterior ramus border and was entered superiorly and medially while the patient 
was requested to open the mouth.

For extraoral injection, the insertion point was located 1 cm anterior to the con-
dyle, directly under the anterior zygomatic process while the mouth was open with 
a distance of 1.5  cm between the incisors. The needle was entered transversely 
pointing towards the contralateral temporomandibular joint [95]. In another investi-
gation, two injections were administered: one was 1 cm inferior to the central zygo-
matic arch and the other, 0.5–1 cm in back of the first injection site, immediately 
anterior to the mandibular condyle. The mouth was closed and the insertion was 
made at 90° angle to a depth of 3–4 cm [99].

A comparison between intra- and extraoral injections for the treatment of ante-
rior disc displacement with reduction was made; there was no significant difference 
in joint click, pain reduction, and joint tenderness between the techniques. However, 
the patients were more comfortable with the intraoral approach and it took a shorter 
amount of time [103].

Duration of Effect The temporary effect of BoNT has been a concern for some 
clinicians; however, a number of patients receiving a single injection have been 
reported to be symptom-free after 6–7 months [92, 94, 99, 100]. Others have used 
prophylactic injections before reappearance of symptoms [95, 96] or additional 
injections, when necessary [92–96]. A 2- to 4-month wait period has been suggested 
between injections [95]. It has been postulated that, at first, patients might need 
repeated administrations of BoNT, but after a minimum of 4 injections, a decrease 
or cessation of relapse may be expected, at least during the following 6 months. The 
reason for this experience was proposed to be related to the pterygoid not fully 
recovering its initial level of hyperactivity, or in other terms, the pterygoid may have 
sustained “involution” [93]. Another explanation was that in addition to permanent 
muscle weakening, perhaps there is a formation of fibrotic tissue around the tem-
poromandibular joint following limitation of movement [96].

It should be noted that the effect of BoNT injection is not immediate and it may 
require 4–5 days [104], 3–10 days [96], or 2–14 days [92] to demonstrate effective-
ness, which has led to reoccurrence of dislocation early after administration in some 
patients [99]. This is why some authors have recommended close observation [92], 
limiting movement of the jaws or mandibular fixation for the first few days after 
injection [99].

Concluding Remarks Due to ethical and logistical issues, inclusion of a control 
group may not be feasible and large numbers of double-blind randomized controlled 
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trials may not become available in the near future [92, 93, 102]. Regardless, the 
need for level 1 evidence has been highlighted in the literature. Until such informa-
tion becomes available, treatment doses and intervals should be selected according 
to existing evidence, preferably starting from the lowest dose and highest intervals 
possible and adjusting them as required [92, 93, 96].

The number of injections has been reported to increase in dislocations due to 
neurological dysfunction compared to those with habitual dislocations and no 
hyperactivity [92].

 Trauma and Bone/Plate Fractures

 Bone Fracture

Premise The attachment of muscle and bone promotes movement and loading and, 
in the orofacial complex, controls maxillofacial growth and dental occlusion. The 
masticatory and facial muscles work in concert to support these functions. Therefore, 
any disruption in the balance of this system, as in the case of fractures, could lead to 
undesirable outcomes, with various complications depending on factors such as the 
severity of the dissociation, direction of the fracture line, and age of the patient, 
among others [30, 55, 105]. BoNT could be used to relax the components that have 
been forced to exert unwanted pressure as a consequence of the injury.

Example Following an angle fracture of the mandible, the body and ramus are no 
longer connected and, therefore, each segment is controlled by its attached muscles. 
Generally speaking, the jaw-closing muscles are mostly attached to the ramus, 
while the ones connected to the body assist in jaw opening [33]. When the fracture 
has an unfavorable horizontal pattern (Fig. 18.4), ramal and body muscles pull in 
different directions and can complicate surgical procedures and their outcomes 
[105]. Relaxing the undesirable pulls of muscles by BoNT injection can be an effec-
tive approach to be used as an adjunct to surgery. The strength of muscles inhibiting 
reduction of fractures could be decreased with BoNT and used as a promising 
method in conservative treatment procedures. Confirming the “unfavorable” pattern 
as opposed to the “favorable” pattern of fracture is important when considering 
treatment (Fig. 18.4).

Preliminary Evidence Two animal studies on femoral bone presented opposing 
results regarding the effectiveness of BoNT in fracture reduction management. One 
reported reduced callus diameter and improved histological and biomechanical 
healing parameters [106], while the other demonstrated an absence of callus and 
woven bone formation and reduced biomechanical characteristics [107]. The shape 
and mechanism of the fractures differed between these investigations: the standard 
closed fracture used in the former study protected the vasculature and periosteum 
which might have contributed to the superior results by increasing the blood supply.
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BoNT Application in Studies

Angle Fractures

Treatment of angle fractures through open reduction leads to attachment loss 
between the ramus and masseter, tilting the balance in favor of muscles connected 
to the mandibular body, promoting postsurgical open bite.

A 21-year-old man with a prior history of 2 surgeries and rubber traction for 
bilateral angle fracture presented with malocclusion and wound dehiscence. His 
third surgery did not resolve the open bite and it persisted, even after 1 week of rub-
ber traction. A total dose of 20 units BoNT-A (Meditoxin) was injected into 4 points 
of the anterior belly of the digastric muscles (5 units each) on the 10th day after 
surgery, leading to complete resolution of the open bite, 3 days postinjection. Elastic 
traction was removed after observation of stable occlusion and a 6-month follow-up 
did not show recurrence of the open bite and additional injections were not consid-
ered necessary [33].

Symphysis Fracture

An incomplete fracture of the symphysis associated with a displaced condylar frac-
ture of a 3-year-old boy was treated with intermaxillary fixation and an asymmetri-
cal occlusal splint. This resulted in failure, demonstrated by 90° angulation between 
the condyle and ramus, due to caudal traction of the mandible by the masseter and 
temporalis muscles and medial traction of the condyle by the medial pterygoid. 
Therefore, a total dose of 20 IU BoNT was extraorally injected into 6 points along 
the temporalis, 15 IU extraorally into 5 linear points on the masseter, and 6 IU tran-
sorally into 2 points of the medial pterygoid, with an additional transoral injection 
of 6  IU into the masseter muscle. BoNT administration led to full recovery and 
fusion of the condyle with no adverse side effects [63].

Condylar Fracture

Bilateral condylar fractures lead to anterior open bite due to premature molar con-
tacts caused by the horizontal traction of the lateral pterygoids and upward pull of 
the masseter causing the ramus to override the condyle. Ten patients with unilateral 
subcondylar or condylar neck fractures with no considerable angulation or disloca-
tion were treated by closed reduction through injection of 100  units of BoNT 
(Botox, Allergan) into the muscles of the injured side, after which maxillomandibu-
lar fixation was performed with an asymmetric occlusal splint for 10 days, followed 
by application of intermaxillary guiding elastics for 2 months. A concentration of 
20 IU/ml was used to deliver 30 IU into the masseter and anterior fibers of the tem-
poralis muscles extraorally. Medial and lateral pterygoid muscles were accessed 
intraorally to receive a total of 40 IU toxin around the fractured bone fragments. 
Healings were uneventful and there was no complaint of complications such as 
malocclusion, deviation, or temporomandibular issues. Normal muscle functions 
were reestablished after 3–6 months [108].
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Zygomatic Fractures

Displaced zygomatic fractures are usually treated by rigid fixation to prevent mus-
cle traction, especially by the masseter which is regarded as a main reason for dis-
placement of the zygoma after reduction. BoNT has been used presurgically, to 
decrease the number of fixation sites and surgical procedures. Five men with zygo-
matic fractures (with or without fractures of other bones) were extraorally injected 
with 100 IU BoNT (Botox, Allergan) into 5 points of the ipsilateral masseter, 12 to 
24 hours before rigid fixation with mini- and/or microplates and screws. During a 
5- to 12-month follow-up, no esthetic or functional complications were seen and 
muscle contractions returned after 3 to 6 months. It was concluded that masseter 

Fig. 18.4 Different directions of fracture lines relative to muscle insertion sites predict whether a 
fracture is favorable or unfavorable. (Reprinted from Ref. [105], with permission from publisher: 
Elsevier)
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paralysis of individuals with zygomatic fractures could reduce the number of fixa-
tion sites and make the use of weaker plate systems possible. However, the study 
lacked control patients for comparisons [109].

 Plate Fracture

Plates are utilized for fixation of bone segments. In a study using bilateral sagittal 
split ramus osteotomy for orthognathic surgery on 16 skeletal class III patients, 
immobilization of rami was achieved through single four-hole extended titanium 
miniplates. A total of 25 units BoNT-A was administered into 5 points of each mas-
seter muscle of 8 patients immediately after surgery, while the rest received no 
injections. After a maximum of 6 months of follow-up, the number of plate fractures 
was significantly lower in the group who underwent BoNT treatment compared to 
those without BoNT administration [31].

Titanium plates and screws are regarded as the gold standard for orthognathic 
immobilization. However, several issues related to these materials have prompted 
the need for their removal after treatment, leading to the introduction of bioresorb-
able fixation systems. Despite the favorable features of bioresorbable substances, 
they have been reported to be weaker and possess inferior skeletal stability com-
pared to their titanium counterparts in some types of orthognathic surgeries such as 
mandibular setback [31, 35]. By reducing muscular pressure, it seems that BoNT 
may help overcome this weak point, making the use of the bioresorbable fixation 
systems more feasible.

 Oral Medicine

 Herpes Simplex Virus Type-1 (HSV-1) Treatment with BoNT

Definitions HSV-1 is a DNA virus and belongs to the herpesviridae family with 
other members including herpes zoster. The virion is composed of a core with a 
double-stranded DNA, covered by a capsid and encompassed by the tegument and 
finally a lipid envelope. After entry through skin breaks or mucosa, HSV-1 repli-
cates in the epithelial cells and causes lysis and destruction followed by inflamma-
tion which increases the permeability of the blood-nerve barrier. Viral particles then 
enter through the free endings of the neurons in contact with the infected epithelial 
cells and travel through axons to neuronal cell bodies where they become latent 
for life.

The oral region is innervated by the trigeminal nerve, and therefore, the trigemi-
nal ganglion is the primary site for latency subsequent to oral infections. Reactivation 
occurs following diminished immune response and exogenous stimuli which ulti-
mately leads to increased replication. HSV-1 is then transported from the cell body, 
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through the axon to the nerve terminals, resulting in reinfection of the epithelial 
cells [110, 111].

The association between BoNT and herpesviridae (if any) is complex, and con-
flicting findings have been reported.

Positive Effect of BoNT on HSV-1 Reactivation It has been suggested that BoNT 
may have an inhibitory effect on the reactivation of HSV. A 33-year-old woman 
with simultaneously occurring impetigo and eczema herpeticum on the face and 
hands along with an extended history of atopic dermatitis and 5- to 6-year involve-
ment with labial HSV recurrence was injected intradermally with BoNT after 
receiving treatment for her eczema and impetigo. Four points were selected on the 
skin of the upper lip and each were injected with 1 U onabotulinumtoxinA. New 
lesions erupted on another site away from the injection area after 4 weeks, followed 
by an outbreak of the eczema and a new HSV lesion on yet another site. A further 
treatment round was administered using 15 units of abobotulinumtoxinA (Dysport) 
resulting in prevention of outbreaks at the original areas, but 2 other recurrences 
took place within the next 3 months, again at a non-treated region. Ultimately, the 
authors reported complete resolution of the treated areas with repeated BoNT injec-
tions every 4 months for 19 months [112].

A double-blind, randomized, placebo-controlled, crossover study titled 
“Botulinum Toxin A for Herpes Labialis” has been registered at ClinicalTrials.gov 
(NCT01225341) with the aim of determining the effectiveness/safety of BoNT 
(onabotulinumtoxinA) for the prevention of herpes labialis. Injection of BoNT or 
bacteriostatic normal saline was considered to be administered into the orbicularis 
oris muscle at the site of re-eruption in 20 participants. Recurrence and duration of 
herpes labialis lesions, lesion size, and pain were to be assessed. Recruitment was 
completed but no results have been posted.

Negative Effect of BoNT on Herpesviridae Reactivation In contrast to the above-
mentioned study, others have found a negative effect of BoNT on re-eruption of 
HSV or herpes zoster lesions. Narang et al. [113] reported HSV-1 stromal keratitis 
recurrence, 3 weeks after treating refractory epiphora with BoNT. The patient was 
a 59-year-old female, with a history of bilateral stromal keratitis, which had 
remained quiescent for the past 2 years. Stimulating factors such as psychogenic 
and surgical stress were considered as possible explanations for the HSV-1 
 recurrence; however, the authors suggested a possible association between viral 
reactivation and BoNT injection and recommended that clinicians exercise caution 
when considering BoNT for treatment in previously HSV-infected patients.

Similarly, another study also observed viral keratitis recurrence 1  week after 
BoNT administration for treatment of spastic entropion in a 55-year-old man who 
was infected with HSV-1, 6 years ago, and had not experienced recurrences for the 
past 1 year. The authors stated that despite involvement of other elements in the 
reactivation of HSV, the role of BoNT injection could not be entirely ruled out and 
suggested caution in patients receiving ocular BoNT with a history of herpes sim-
plex viral keratitis [ 114].
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A third study reported development of herpes zoster in the face of two (55- and 
48-year-old) female patients approximately 1 week after BoNT injection into the 
glabella, forehead, and lateral periorbital regions for cosmetic purposes. The authors 
recommended considering re-eruption of herpes zoster if a patient reports prodro-
mal symptoms or skin eruptions following BoNT therapy. However, they did not 
regard the incidents of these occurrences high enough to warrant prophylactic anti-
viral therapy for all patients before BoNT injection [115].

The exact effect (if any) of BoNT on infections caused by herpesviridae is unpre-
dictable, unless supported by future well-designed studies.

 Other Uses for BoNT in the Oral and Maxillofacial Region

 Angular Cheilitis

Angular cheilitis or inflammation of the corner(s) of the mouth is clinically mani-
fested as redness, cracks/fissures, crusting, and ulceration of the oral commissure(s). 
Various situations could lead to this condition, but the most common is infection. 
When deep creases develop at the corners of the mouth for any reason (age, maloc-
clusion, shortening of vertical dimension, etc.), they collect saliva and skin macera-
tion occurs, which is usually further complicated by colonizing of candida and 
infectious agents [116]. BoNT has been proposed either independently or in con-
junction with other modalities such as dermal fillers, to physically eliminate the 
deep commissure lines leading to prevention of saliva collection and the ability to 
obtain a dry environment free from contamination [117, 118]. Its recommended use 
involves the injection of a total of 20 U BotoxCE with 5 U in 2 different points of 
the depressor muscles on both sides and results are expected within 2 weeks. The 
muscles suggested for injections included depressor anguli oris, mentalis and orbi-
cularis oris [117]. A 60-year-old patient with a 2-year history of bilateral angular 
cheilitis refractory to pharmacotherapy has been reported to have been successfully 
treated with BoNT [119].

 Burning Mouth Syndrome

Burning mouth syndrome presents as a burning sensation of the mouth accompa-
nied by symptoms such as oral mucosal dryness, salivary gland functional issues, 
and taste problems. Its diagnosis is based on exclusion of other clinical and labora-
tory abnormalities [120]. Restivo et al. [121], relying on the focal analgesic effect of 
BoNT, bilaterally injected a total dose of 16 U incobotulinumtoxinA into the lip and 
anterior tongue (4 U each) of 4 patients (3 with diabetes) who had burning mouth 
syndrome involving the lower lip and anterior two-thirds of the tongue. 
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Simultaneously, 2 patients with similar pain scores and symptoms received the 
same volume of saline into the same injection sites. All 4 BoNT-treated patients 
were free of symptoms within 48 hours, which lasted up to 16–20 weeks, while in 
the 2 control patients, the burning sensation did not resolve. BoNT was suggested as 
an efficacious treatment for burning mouth syndrome, especially when other less 
invasive treatment options fail to provide comfort.

 Summation

BoNT injections are generally safe, uncomplicated, reversible, and relatively inex-
pensive and comfortable for the patient. Standardization of injection sites, methods, 
numbers, and dosage of this toxin is required for many dentistry-related issues. 
There are still several conditions in the head and neck which could potentially ben-
efit from BoNT therapy, but require accumulation of additional data for clinical 
application. A thorough and detailed knowledge of the facial muscles and their 
direction of movement is essential for all practitioners inclined to use BoNT injec-
tions in clinical practice.
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