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a  b  s  t  r  a  c  t

Botulinum  toxin  (BoNT)  is a potent  neurotoxin  that  is  produced  by the  gram-positive,  spore-forming,
anaerobic  bacterium,  Clostridum  botulinum.  There  are  7  known  immunologically  distinct  serotypes  of
BoNT:  types  A, B, C1,  D,  E, F, and  G. Clostridum  neurotoxins  are  produced  as  a single inactive  polypeptide
chain  of 150  kDa,  which  is  cleaved  by  tissue  proteinases  into  an  active  di-chain  molecule:  a  heavy  chain
(H) of ∼100  kDa and  a light  chain  (L)  of  ∼50  kDa  held  together  by  a single  disulfide  bond.  Each  serotype
demonstrates  its own  varied  mechanisms  of  action  and  duration  of effect.  The  heavy  chain  of  each  BoNT
serotype binds  to its specific  neuronal  ecto-acceptor,  whereby,  membrane  translocation  and  endocytosis
by intracellular  synaptic  vesicles  occurs.  The  light  chain  acts  to cleave  SNAP-25,  which  inhibits  synap-
uscle spasm
pasticity
ovement disorders
ystonia

tic  exocytosis,  and  therefore,  disables  neural  transmission.  The  action  of  BoNT  to  block  the  release  of
acetylcholine  botulinum  toxin  at the  neuromuscular  junction  is best understood,  however,  most  experts
acknowledge  that  this  effect  alone  appears  inadequate  to explain  the entirety  of the neurotoxin’s  appar-
ent analgesic  activity.  Consequently,  scientific  and  clinical  evidence  has  emerged  that  suggests  multiple
antinociceptive  mechanisms  for botulinum  toxins  in a variety  of  painful  disorders,  including:  chronic
musculoskeletal,  neurological,  pelvic,  perineal,  osteoarticular,  and  some  headache  conditions.
© 2013 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Since its introduction in the late 1970s for strabismus, ble-
harospasm, and the focal dystonias, botulinum toxin type
 (NoBTX-A) has been used increasingly in the treatment of
umerous other disorders largely characterized by excessive or

nappropriate muscle contraction (Table 1) (Brin, 1997, 1998;
ankovic and Hallett, 1994; Jankovic and Brin, 1997). These

able 1
herapeutic uses for botulinum toxin.

Focal dystonias-sustained muscular activity producing abnormal and
functional disability.

• Blepharospasma

• Cervical (torticollis, anterocollis, laterocollis)a

• Laryngeal (spasmodic dysphonia)
• Oromandibular (opening or closing of the mouth/jaw)
• Orolingual (mouth and tongue involved)
•  Limb (occupational or task-driven, parkinsonism)
•  Tremor (due to dystonia)

Nondystonic disorders of involuntary muscle contraction and movement
•  Hemifacial spasma

• Tremor (essential, parkinsonism)
• Myokymia and synkinesis
•  Tics
• Myoclonus
• Benign fasiculations
• Bruxism

Disorders of conjugate eye movement (strabismusa, nystagmus, oscillopsia)
Spasticity (due to stroke, cerebral palsy, multiple sclerosis, brain or spinal cord

injury)a

Cosmetic disorders (hyperhidrosisa, undesirable wrinkles caused by
hyperkinetic musclesa, e.g., face, anterior neck)

Disorders of localized muscle spasm
•  Sphincter “spasms”
о
Bladder (detrusor-sphincter dyssynergia)
о
Gastrointestinal (achalasia, anismus, cricopharyngeal, lower esophagus, rectal)
•  Skeletal muscle (myofascial pain, lumbar paraspinal muscle spasm,

post-operative spasms after prostatectomy or hemorrhoidectomy)

Pain Disorders
• Headaches (1◦-chronic migrainea & tension-type; 2◦-TMJD, dystonia)
•  Shoulder pain following stoke (caused by spasticitya)
•  Osteoarthritis of large joints
• Pelvic pain (vestibulodynia, pelvic floor muscle spasm, interstitial cystitis)
•  Neck pain after dissection surgery/radiotherapy for cancer
•  Neuropathic pain (post-herpetic neuralgia, spinal radiculopathy)

onditions for which botulinum toxin has been shown to have proven or promising
xperimental results (modified from Wheeler, 1997).

a FDA approved indications.
 .  . .  .  . . . . .  .  . . . .  . . .  .  . . .  . . .  . .  . . .  . . . .  .  . . . . .  .  . . . . .  . . .  .  .  . . . . . . . . . .  . .  .  .  . .  .  . .  . . . . 142

disorders include each form of focal dystonia; spasticity; inap-
propriate contraction in most of the body’s sphincters, such as
those associated with achalasia, anal spasm, and vaginismus; eye
movement disorders including nystagmus; other hyperkinetic dis-
orders including tics and tremors; (Brin, 2000; Jankovic and Brin,
1997) autonomic disorders such as hyperhidrosis; (Heckmann
et al., 2001; Naumann and Lowe, 2001; Naumann et al., 2002)
and cosmetically troublesome hyperfunctional facial lines (glabel-
lar lines, crow’s feet, forehead lines) (Brin, 2000; Blitzer et al.,
1993; Binder et al., 1998a; Carruthers and Carruthers, 2001a,b). In
addition, BoNT/A has been reported to be useful in the treatment
of more commonly occuring pain syndromes, including myofas-
cial pain syndrome, migraine and tension headaches (Brin et al.,
2002).

BoNT/A injections have several advantages over primary drug
and surgical therapies in the management of intractable dis-
ease. Systemic pharmacologic effects are rare for botulinum toxin
type A; permanent destruction of tissue does not occur. Graded
degrees of therapeutic effect can be achieved by varying the dose
injected and most adverse effects are transient. If the patient has a
strong response to therapy and too much muscle weakness occurs,
strength gradually returns. The patient’s acceptance is high, and
in most cases, botulinum toxin therapy is preferred to alterna-
tive pharmacotherapy, although drug therapy can be added as
needed.

In the discussion that follows, we will refer to the botulinum
toxins by serotype (NoBT/A, NoBT/B, etc.) and, when relevant,
trade names. NoBT/A is available in 3 different biological formu-
lations. Under the trade name BOTOX® (approved in 1989, U.S.;
prior to 1992 marketed as Oculinum®), NoBT/A is manufactured
in the United States by Allergan, Inc. It is licensed worldwide, and
the product and its precursors have been successfully utilized in
clinical trials since the 1970s. In the United States, BOTOX® is
approved for treatment of strabismus, blepharospasm, hyperki-
netic facial lines, cervical dystonia and chronic migraine. The United
States Food and Drug Administration (USFDA) dictates standards
of production, buffering, stability, potency and vial size. The Euro-
pean preparation of botulinum toxin type A has the trade name
Dysport® (first approved, 1991 U.K.), and is manufactured in the
U.K. and distributed by Beaufour-Ipsen Pharmaceuticals in France.
This preparation has been used clinically with success, and is
licensed for distribution by the Ministry of Health in England. BTX-
B is available in the U.S. as MYOBLOC® (Elan Corporation, Ireland)

and the same formulation is available in Europe under the name
NeuroBloc®. MYOBLOC® was licensed in the U.S. in December, 2000
for treatment of cervical dystonia.Pharmacology of the botulinum
toxins
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Table 2
Putative target proteins of botulinum toxin (modified from Huttner, 1993).

Toxin type Cellular substrate Target cleavage site

BTX-A SNAP-25 Gln197-Arg198
BTX-B VAMP/Synaptobrevin Gln76-Ph77

BTX-C Syntaxin 1A, 1B Lys253-Ala254, lys252-Ala253
SNAP-25 Arg198-Ala199

BTX-D VAMP/Synaptobrevin Lys-Leu60
Ala67-Asp-68

Cellubrevin Unknown

BTX-E SNAP-25 Arg180-Ile181

BTX-F VAMP/Synaptobrevin Gln58-Lys-59

Granata et al., 2008; Pan et al., 2009), but is best known for its role
in mediating exocytosis of synaptic vesicles through the soluble
N-ethyl-maleimide-sensitive factor attachment receptor (SNARE)
complex (Ilardi et al., 1999; Tian et al., 2005; Pan et al., 2009).
26 A. Wheeler, H.S. Smith / To

.1. General overview

The different strains of the bacteria Clostridium botulinum pro-
uce seven serologically distinct toxins that are designated A, B,
1, D, E, F, and G (Simpson, 1981). Although these seven neuro-
oxins are serologically distinct, they possess similar molecular
eights and they have a common subunit structure (DasGupta

nd Foley, 1989; Simpson and DasGupta, 1983). The active tox-
ns have a molecular mass of approximately 150,000 daltons
DasGupta, 1994), and are dichain molecules, in which a heavy
hain (∼100,000 daltons) is linked by a disulfide bond to a
ight chain (∼50,000 daltons) associated with a single atom of
inc.

Each serotype demonstrates its own varied mechanisms of
ction, duration of effect, and adverse effects. Each toxin is initially
ynthesized by the bacteria as a single chain polypeptide. Bacterial
roteases then “nick” both type A and type B proteins, resulting in

 di-chain structure consisting of 1 heavy and 1 light chain. Type A
s nicked more than type B, and there is less than a 50% homology
etween these two toxins (Settler, 2002). Each of the commercially
vailable botulinum toxins has its own distinct potency and dosing
egimen, and the units used to dose each product are not inter-
onvertible. Each formulation and serotype has distinct biological
haracteristics, which have an impact on the efficacy and adverse
vent profile in humans.

Only types A and B have been developed for commer-
ial use in routine clinical practice. Three type-A preparations,
OTOX® (onabotulinumtoxinA, product of Allergan, Inc. Irvine, CA),
eomin® (incobotulinumtoxinA, product of Merz Pharmaceuticals,
LC, Greensboro, NC) and Dysport® (abobotulinumtoxinA, product
f Medicis Pharmaceutical Inc., Scottsdale, AZ) have been devel-
ped. Currently, Type B is commercially available as MYOBLOC®

n the United States. These neurotoxins have a median lethal dose
LD50 in the range of 0.1–1 ng per kg, which make them the most
ethal poisonous substances known to man  (Schiavo et al., 1994)

The primary functional effect of BoNT is thought to be at the
euromuscular junction by chemodenervation of the motor neuron
erminal to the associated endplate of the injected muscle. How-
ver, there are two other functional effects of the toxin, namely the
ffect on the afferent limb of the motor system, and the analgesic
ffects on the sensory system. These will be described below. These
atter two effects have been demonstrated in experimental models
or BoNT/A only.

. Mechanisms of botulinum toxin-inhibition of synaptic
esicle exocytosis

Botulinum toxins interfere intracellularly with the process
f Ca2+ regulated synaptic vesicle exocytosis, and thereby, the
eleasing of their contents into the synaptic cleft. Critical to this
eurotransmitter release is the fusion of the synaptic vesicle to
he presynaptic plasma membrane. Different botulinum toxins

ay  specifically interfere with different proteins involved in the
ocking/attachment and fusion of the synaptic vesicles and the
resynaptic plasma membrane (Table 2). Other proteins may  help
o hold the synaptic vesicles and presynaptic plasma membrane
lose together and also contribute to triggering the initial processes
nvolved in fusion.

The soluble N-ethylmaleimide-sensitive factor (NSF) associated
rotein receptor complex (SNARE complex) is thought to play a crit-

cal role in forming a protein bridge to promote membrane fusion

y bringing two separate lipid bilipid layers into close proxim-

ty with subsequent vesicle exocytosis of neurotransmitters into
he synapse between neurons. The SNARE complex is composed of
ynaptobrevin-2, syntaxin-1 and SNAP-25 (Fig. 1).
Cellubrevin Unknown

BTX-G VAMP/Synaptobrevin Ala81-Ala82

Synaptobrevin (Sbr) is not only involved in SNARE complex
formation but also binds to Synaptophysin (Syp) and the two com-
plexes are mutually exclusive (Becher et al., 1999). Syp together
with synaptoporin belongs to the physin family of tetraspan synap-
tic vesicle (SV) proteins which are highly abundant on SVs. The
Syp/Sbr complex dissociates before membrane fusion (Hinz et al.,
2001). Complexin is a protein that normally interacts with the
SNARE complex acting as a “clamp” and interfering with synap-
tic fusion. An action potential opens calcium channels, thereby
transiently increasing the local calcium concentration in the
presynaptive terminal. This increase in calcium activiates synap-
totagmins which may  bind calcium through two C2-domains that
facilitate synpatotagmin interaction with complexin, resulting in a
confimational switch in complexin that promotes synaptic fusion
and triggers neurotransmitter release within a few microseconds
(Fig. 2).

EHD1 is an EH (Eps15 homology) domain-containing protein
involved in endosomal recycling. It works in conjunction with a
number of binding partners (e.g., dysbindin-1). Snapin is a solu-
ble protein associated with synaptic vesicles that appears to be
one of these binding partners (Ilardi et al., 1999; Salazar et al.,
2005; Talbot et al., 2006). Snapin is implicated in diverse neuronal
processes (Ilardi et al., 1999; Ruder et al., 2005; Tian et al., 2005;
Fig. 1. SNARE complex.
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Fig. 2. SV fusion to presyn

The stabilization of the SNARE complex depends on the binding
f SNAP-25 to synaptotagmin-1 (Gerona et al., 2000; Chieregatti
t al., 2002; Zhang et al., 2002; Bai et al., 2004; Bhalla et al., 2006;
hicka et al., 2008). Snapin binds to SNAP-25 and promotes the
inding of SNAP-25 to synaptotagmin-1 (Ilardi et al., 1999; Chheda
t al., 2001; Tian et al., 2005; Pan et al., 2009) and helps to stabi-
ize the binding of synaptotagmin-1 to the SNARE complex before
epolarization induced Ca2+ influx (Pan et al., 2009). This boosts
he number of synaptic vesicles in the readily releasable state (Tian
t al., 2005; Pan et al., 2009) and enhances their capacity for effi-
ient, synchronous release (Pan et al., 2009).

The two universally required components of the intracellular
embrane fusion machinery, SNARE and SM (Sec1/Munc18-like)

roteins, play complementary roles in fusion (Südhof and Rothman,
009).

Synaptotagmin (the calcium-ion sensor for fusion) cooperates
ith complexin (the clamp activator) to control the precisely

imed release of neurotransmitters that initiates synaptic trans-
ission (Südhof and Rothman, 2009). Synaptotagmin competes
ith complexin for binding to assembled SNARE complexes,

eleasing complexin in a Ca2+-dependent manner (Tang et al.,
006), the simplest possible molecular mechanism for Ca2+

oupling.
SM proteins are composed of a conserved ∼600-amino acid

equence that folds into an arch-shaped “clasp” structure (Misura
t al., 2000). SM proteins interact with SNAREs in different ways.
ogether, these two proteins (complexin and synaptotagmin)
ccount for the precise timing and regulation of the secretion
Südhof and Rothman, 2009). Synaptic and other exocytic SNAREs
re first activated and then clamped by complexin (Reim et al.,
001; Giraudo et al., 2006; Tang et al., 2006) and are finally triggered
y Ca2+ binding to synaptotagmin, which reverses the action of
omplexin and allows fusion to be completed (Fernández-Chacón
t al., 2001; Pang et al., 2006).

Studies on cortical neurons from snapin knockout mice indicate
hat snapin specifically stabilizes the binding of synaptotagmin-

 to the SNARE complex via SNAP-25 during the fusion clamp
tage in priming, which is critical in maximizing the size of the
eadily releasable pool of vesicles and consequently in maximizing
he synchronized release of that pool upon Ca2+ influx (Pan et al.,
009).
It is possible that EHD1 competes with SNAP-25 for binding to
istinct but overlapping motifs on the C terminus of snapin through
teric hindrance. The binding of EHD1 to snapin may  decrease
napin’s interaction with SNAP-25 and synaptotagmin-1, (i.e.,
plasma membrane (PPM).

competitive binding of snapin by EHD1 could be the mechanistic
basis for the EHD1’s ability to negatively impact exocytosis).

4. Primary effects on the neuromuscular junction

The botulinum toxins exert their effect at the neuromus-
cular junction by inhibiting the release of acetylcholine, and
this in turn causes muscle relaxation. There are three steps
involved in toxin-mediated relaxation; binding, internalization,
and inhibition of neurotransmitter release. The heavy chain is
responsible for neuron-specific binding (Evans et al., 1986; Kozaki
and Sakaguchi, 1982). Internalization is via receptor-mediated
endocytosis (Simpson and DasGupta, 1983; Simpson, 1984; Black
and Dolly, 1986). Once internalized and within a vesicle, the light
chain translocates across the vesicle membrane and is released into
the neuronal cytoplasm.

The light chain is a zinc-dependent protease, whose substrate
is one of the fusion proteins responsible for docking and ulti-
mately exocytosis of the acetylcholine-containing vesicle (Dolly
et al., 1990; Simpson, 1989; Coffield et al., 1997; Schiavo et al.,
1992; Barinaga, 1993). Each serotype light chain cleaves a specific
residue of one of the proteins which make up the vesicle docking
SNARE complex. Cleavage by botulinum toxin impedes the function
or formation of this SNARE complex, and hence, prevents neuro-
transmitter exocytosis.

Exposure to toxin causes reversible denervation atrophy with-
out fibrosis (Alderson et al., 1991; Borodic et al., 1994), a process
recently further elucidated in Oliver Dolly’s laboratory using BOTOX
(de Paiva et al., 1999). The initial phase of reinnervation occurs
through sprouting (Alderson et al., 1991). de Paiva et al. (1999)
showed that newly formed sprouts, but not the parent terminal,
would elicit muscle contraction with nerve stimulation at 28 days;
therefore, only sprouts were responsible for stimulated nerve-
muscle transmission during this early phase of recovery. However,
a second and distinct phase followed, with a return of vesicle
turnover to the original terminals, accompanied by loss of exocyto-
sis activity from the sprouts and gradual elimination of the sprouts.
The return of synaptic function to the original neuromuscular junc-
tion associated with elimination of the sprouts in this preclinical
model required approximately 91 days.

Dolly et al. (2011) produce a recombinant toxin in E. coli of two

serotypes of botulinum neurotoxin (BoNT/A and BoNT/E), proteins
known to block release of transmitters by targeting and entering
nerve endings where their proteases cleave and inactivate a pro-
tein SNAP-25, essential for Ca2+-regulated exocytosis. BoNTE acts
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ransiently, due to lacking these residues, but is a superior inhibitor
f TPV1-mediated release of pain peptides from sensory nerves.
he advantageous features of each serotype were harnessed by
ttaching the BoNTE protease moiety to an enzymically-inactive
utant of BoNTA. The resultant purified composite protein could

arget motor neurons by binding to the BoNTA ecto-acceptor
nd persistently produce BoNTE–truncated SNAP-25. Injection of
recombinant combination” biotherapeutic into the foot pad of rats
esulted in an extended amelioration of inflammatory pain (Dolly
t al., 2011).

. Effects on the afferent limb of the BoNT/A

BTX-A may  also modify the sensory feedback loop to the cen-
ral nervous system. Ludlow et al. (1990) and Zwirner et al. (1992)
roposed that reduced muscle activity and therefore feedback to

aryngeal motoneuron pools may  be a primary mechanism of action
f BTX-A. Brin et al. (1992) offered the possibility that toxin might
ave a direct effect on sensory afferents by blocking intrafusal
bers, resulting in decreased activation of muscle spindles. This
ould effectively change the sensory afferent system by reducing

he Ia traffic (Rosales et al., 1996).
Filippi et al. (1993) supported this hypothesis by establishing

hat local injections of BTX-A directly reduce afferent Ia fiber traf-
c, and therefore exert a modulatory effect on sensory feedback.
his may  also account for the clinical observation that injections
f BoNT/A have an effect on regional non-injected muscles, most
trikingly in spastic limbs (Borg-Stein et al., 1993).

Support for this mechanism derives from the cumulative work
f Ryuji Kaji and colleagues (Kaji et al., 1995a,b,c, 1996; Yoshida
t al., 1998; Mezaki et al., 1999). They showed that the increase
n severity of dystonic writer’s cramp associated with enhance-

ent of Ia muscle spindle activity via the tonic vibration maneuver
an be decreased by intramuscular injections of dilute lidocaine,
hich preferentially affects the afferent innervation of the muscle

pindle. Both ethanol and lidocaine block sodium channels; how-
ver, ethanol blocks the channels for a longer duration than the
nesthetic. Kaji has coined the term “muscle afferent block” for
his treatment of lidocaine plus ethanol, and has shown an effect
n neck, jaw (Yoshida et al., 1998) and limb dystonia (Kaji et al.,
995a,b) and spasticity (Kaji et al., 1996; Mezaki et al., 1999). The
enefit for each treatment only lasts a few weeks, and therefore

s of limited use in most dystonic and spastic situations. However,
his model of blocking Ia afferents supports the proposed mecha-
ism of afferent action with BTX-A in conditions associated with
xcessive muscle contraction.

. Analgesic effects of BTX-A on the sensory system

The analgesic effects of BoNT/A were first reported in 1985
n a pilot study of BoNT/A treatment for cervical dystonia, char-
cterized by abnormal, involuntary neck and shoulder muscle
ontractions and often resulting in significant, disabling muscu-
oskeletal pain. Tsui et al. (1985) described that the most marked
enefit of BoNT/A injections was pain relief in all 6 patients
ho reported severe neck pain due to muscle spasm. In a small,
ouble-blind, placebo-controlled extension of this pilot study, 16
atients treated with BoNT/A experienced significantly reduced
ain compared to placebo (Tsui et al., 1986). In subsequent open-

abel, prospective studies involving larger numbers of patients,
e reported pain relief in 74–84% of cervical dystonia patients
ollowing BoNT/A injections (Brin et al., 1987; Tsui et al., 1987;
ankovic and Schwartz, 1990; Poewe et al., 1992). Additional
ouble-blind, placebo-controlled studies confirmed the observed
ffects on pain of BoNT/A in cervical dystonia patients (Greene
gy 306 (2013) 124– 146

et al., 1990; Blackie and Lees, 1990; Lorentz et al., 1991; Lu et al.,
1995).

In 1992, Memin  et al. (1992) reported results from a pilot
study of BoNT/A as treatment for spasticity following an upper
motoneuron lesion; 5 of 6 patients with pain experienced sig-
nificant pain relief. Also in 1992, Dengler et al. (1992) reported
analgesic effects of BoNT/A among 10 patients treated for spas-
tic foot drop. Later, a larger prospective study of patients with
chronic limb spasticity due to various causes observed that 90%
of 31 patients with painful flexor spasm or passive stretching
experienced at least moderate pain relief and 26% experienced
complete pain resolution after BoNT/A injections (Dunne et al.,
1995). Another prospective study in Thailand observed joint pain
relief in 22 post-stroke spasticity patients (Viriyavejakul et al.,
1998). Double-blind, placebo-controlled studies provided further
support for the effect of BoNT/A on pain relief in spasticity patients
(Grazko et al., 1995; Hyman et al., 2000).

Early in its use as a therapeutic agent, BoNT/A was observed to
provide pain relief in disorders other than dystonia and spasticity.
Published case reports detail analgesic effects of BTX-A injections
for muscle hypertrophy associated with complex repetitive dis-
charges (Nix et al., 1992) and for stiff-person syndrome (Davis
and Jabbari, 1993). In a prospective study of 60 achalasia patients,
BoNT/A improved chest pain associated with this disease of the
esophagus (Fishman et al., 1996). Among 100 patients treated for
anal fissure, 78% reported pain resolution within 3 days after initial
injection (Jost, 1997).

We have recently reviewed the published reports of BoNT/A
for the relief of pain disorders (Brin et al., 2002), which includes
pain associated with myofascial pain syndrome (Acquadro and
Borodic, 1994; Diaz and Gould, 1999; Cheshire et al., 1994; Porta,
2000a), blepharospasm (Johnstone and Adler, 1998) temporo-
mandibular disorder and bruxism (Girdler, 1994; Van Zandijcke
and Marchau, 1990; Ivanhoe et al., 1997; Rijsdijk et al., 1998;
Tan and Jankovic, 2000; Freund et al., 2000), back pain (Foster
et al., 2001), painful myoclonus (Polo and Jabbari, 1994) prostatic
pain/sterile prostatitis (Zermann et al., 2000), and cervicogenic
(Freund and Schwartz, 2000a), cluster (Ginies et al., 1996; Freund
and Schwartz, 2000b; Smuts and Barnard, 2000), tension-type
(Smuts and Barnard, 2000; Zwart et al., 1994; Relja, 1997, 2000;
Schulte-Mattler et al., 1999; Porta, 2000b; Carruthers et al.,
1999), and migraine headache (Smuts and Barnard, 2000; Binder
et al., 1998b, 2000; Mauskop and Basedo, 2000; Silberstein et al.,
2000; Brin et al., 2000a). In a double-blind, placebo-controlled
study, cerebral palsy patients given BoNT/A for postoperative
pain following adductor-release surgery had significantly reduced
pain scores, analgesic requirements, and hospital stays compared
to placebo (Barwood et al., 2000). BoNT/A has emerged as a
promising option for patients suffering from chronic pain disor-
ders.

The association between BoNT/A and pain relief was originally
thought to relate only to its effect on muscle contraction. How-
ever, several studies suggest that muscle relaxation effects may
not directly coincide with pain relief, suggesting alternative mech-
anisms for analgesic effects of BoNT/A. As noted in this chapter,
there is experimental evidence that BoNT/A affects afferent trans-
mission (Filippi et al., 1993; Rosales et al., 1996), which may  be
a factor in pain relief. There is also evidence that BoNT/A inhibits
the release of substance P (Ishikawa et al., 2000) and potentially
other neuromodulators. Substance P is a neuropeptide that plays a
role in pain perception, vasodilation, and neurogenic inflammation.
We have also shown experimentally that BoNT/A relieves formalin-

induced pain in laboratory animals (Cui and Aoki, 2000). This is
an important observation in understanding the action of BoNT/A
on pain because formalin causes pain not through muscle ten-
sion, but by first directly stimulating nociceptors and then through
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Table  3
Preclinical comparison of the local murine muscle weakness and systemic safety of intramuscular BOTOX® and Dysport® .

IM ED50 (U kg−1 body weight) IM LD50 (U kg−1 body weight) Safety margin IM LD50/IM ED50

BTX-A (BOTOX®) 6.2 ± 0.6 81.4 ± 3.5 13.9 ± 1.7
BTX-A (Dysport®) 22.9 ± 3.2a 160.8 ± 7.2a 7.6 ± 0.9a
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saline, but the apparent loss of Dysport activity when reconsti-
BOTOX®/Dysport® Ratio 1:3.7 

a p < 0.001.

nflammation. It seems likely that the analgesic effects of BoNT/A
elate not only to its well-established effect at the neuromuscu-
ar junction, but also to an effect on the nociceptor system (Aoki,
001a).

. Additional effects of BTX-A at the neuromuscular
unction

BoNT/A may  be more effective in blocking the neuromuscular
unctions of the most active muscle fibers (Hallett et al., 1994),

 topic that was reviewed by Hallett (2002, 2000, 1995).  Hughes
nd Whaler (1962) showed that stimulation of the axon to a
rog diaphragm preparation resulted in greater uptake of BoNT/A.
ubsequently, Eleopra et al. showed that peripheral electrical stim-
lation enhanced the effect of BoNT/A on the extensor digitorum
revis muscle (Eleopra et al., 1997a).  This concept was supported
y the work of Glocker in a hemifacial spasm model (Glocker et al.,
995), and Hesse et al. (1998) and Molteni (1995) in spasticity
atients, and finally Hallett’s group (Chen et al., 1999) in writer’s
ramp. These animal and human models suggest that intramus-
ular BoNT/A therapy will result in a relatively stronger effect on
hose synapses associated with movement, whether involuntary or
olitional.

. Potency

The potency of commercially available product is determined
hrough in vivo mouse assays. One unit of BoNT is defined as the
mount of toxin administered intraperitoneally required to kill 50%
LD50) of a group of 18–20 g female Swiss-Webster mice (Hatheway
nd Dang, 1994; Schantz, 1964; Schantz and Kautter, 1977; Pearce
t al., 1994; Sellin and Thesleff, 1981). This unit is variously referred
o as a mouse unit, a mouse LD50 unit, or simply a Unit. Numerous
actors influence the clinical potency of the preparations (McLellan
t al., 1996). Thus, the units are neither clinically equivalent nor
nterchangeable between products.

. Pharmacology of botulinum toxin serotypes

.1. Specific pharmacology: botulinum toxin type A (BOTOX and
ysport)

Both BOTOX® and Dysport® contain botulinum toxin type
 (di-chain molecule as previously described) complexed with
emagglutinins (HA) and nontoxin-nonhemagglutinin (NTNH)
roteins. The intraneuronal target for cleavage by BoNT/A is the
lasma membrane-associated protein known as SNAP-2 (synap-
osome associate protein of molecular weight of 25,000 daltons).
NAP-25 is one of several critical proteins whose interaction facil-
tates rapid vesicle fusion with neuronal plasma membrane and
hus neurotransmitter exocytosis (Martin, 1997).

BoNT/A is the only clostridial neurotoxin which is found in the
argest complex of 900 kDa, also known as the LL form (Sakaguchi
t al., 1984; Melling et al., 1988). During fermentation, the bacteria

roduce the type A neurotoxin as a single chain polypeptide associ-
ted with various proteins to form complexes ranging in size from
he LL form to the L (∼500 kDa) and M form (∼300 kDa) as well as
1:1.98 1.8:1

the free neurotoxin (150 kDa). During the later stages of fermenta-
tion, endogenous proteases nick the majority (>95%) of single chain
into the active di-chain form (DasGupta and Sathyamoorthy, 1984).
The bulk toxin (LL form) for both BOTOX® and Dysport® is purified
from the other proteins in the fermentation broth. Each product
is formulated uniquely and packaged for commercial distribution.
The bulk for BOTOX® and Dysport are purified by different methods
and thus will have different physiochemical and clinical charac-
teristics. BOTOX is vacuum dried whereas Dysport is freeze dried.
Both products require reconstitution with sterile saline for injection
prior to use.

Despite the fact that the unit potencies of both products are
determined with the mouse assay, there is no equivalence between
a unit of BOTOX® and a unit of Dysport®. Reasons for the dis-
crepancy include differences in assay procedures for the two
products (McLellan et al., 1996; Hambleton and Pickett, 1994;
Pearce et al., 1995; Wohlfarth et al., 1997; Krack et al., 1998; Van
den Bergh and Lison, 1998) and different physiochemical prop-
erties due to the formulation, bulk toxin and/or final product
manufacturing techniques and the dilution protocol during the
performance of the mouse LD50 assay. The diffusion and side-
effect profiles of the two products are distinct as well. Bigalke
demonstrated that Dysport® could attain a similar unit potency
as BOTOX®, as determined by the mouse phrenic nerve hemidi-
aphragm preparation, by the addition of extra human serum
albumin to the formulation of Dysport® (Bigalke et al., 2001).
In further clinical evaluation in the extensor digitorum brevis
model, the authors demonstrated that equivalent doses of BOTOX®

and Dysport® supplemented with additional human serum albu-
min  produced a similar effect (Bigalke et al., 2001; Rollnik et al.,
2000).

The sensitivity of the Dysport® preparation to enhanced unit
potency with the addition of albumin was  also demonstrated with
the digit abduction scoring (DAS) assay (Aoki, 2001b; Peng et al.,
1998), and in vivo model that can be used to examine induction of
local muscle weakness. BOTOX® and Dysport® were reconstituted
with sterile saline (0.9% NaCl) at various dilutions, and compared
with each other and with vehicle. The ability of mice to abduct their
hindlimb digits was  scored with a five point score (0–4) system after
a unilateral, intramuscular hindlimb injection. Treated mice were
scored daily after a single intramuscular injection of the test article
to determine onset of action and dose that produced peak efficacy,
and these data were used for identifying the intramuscular effective
dose in 50% of the test animals (IM-ED50). A dose-related mus-
cle weakness was observed in the digit abduction score (DAS) for
BOTOX® and Dysport. Both products demonstrated onset of action
by day 1 and a peak effect by day 3. Average ED50 values ± s.e.m.,
n = 3, for BOTOX® and Dysport® were 4.7 ± 1 and 27 ± 5 units/kg,
respectively. When nonspecific adsorption was  blocked with the
use of 0.5% bovine serum albumin (BSA) in saline, the ED50 values
were 3.4 ± 0.2 and 12.7 ± 5 units/kg for BOTOX and Dysport, respec-
tively. Thus, BOTOX® was  approximately six-fold more potent than
Dysport when reconstituted with the clinically relevant vehicle,
tuted in saline was  partially prevented with the addition of BSA,
while BOTOX efficacy remained consistent regardless of the vehicle
utilized.
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Further comparison of BOTOX® and Dysport® in the murine
AS assay supports the concept that a simple dose conver-

ion between the two products containing botulinum toxin type
 is not possible (Aoki, 2001b).  A simple dose ratio implies
arallel dose-response curves for both efficacy and safety. The

ocal muscle effect is represented by the dose which elicits a
0% response (IM-ED50 value). The IM-ED50 comparison between
OTOX® and Dysport® demonstrated a ratio of 1–3.7 (Table 3)
hile the ratio comparing the systemic effect of the intramus-

ular dose (IM-ED50 value) was 1 to ∼2. The safety margins
f the two products are demonstrably different, demonstrat-
ng differing capacities of the products to remain within the
njected murine muscles. However, interspecies differences in
esponse make cross-species extrapolation of safety and efficacy
ata impossible, and leave the clinical relevance of these observa-
ions unknown.

Botulinum toxin type A is also produced in Japan (Nagamine
t al., 1991) and China (Zhuang and Yin-chin, 1992) for clinical
esearch, but we have no additional information about the phar-
acology of these formulations nor whether they are produced

nder Good Manufacturing Practice (GMP) standards.

.2. Specific pharmacology: other serotypes

BoNT/B cleaves synaptic vesicle associated membrane protein
VAMP, also known as synaptobrevin), one of the proteins in
he SNARE complex responsible for docking and fusion/release
f synaptic vesicle with the presynaptic membrane. It is remark-
ble that synaptobrevin/VAMP knockout mice (Schoch et al., 2001)
ontinue to demonstrate SNARE function, suggesting that synapto-
revin may  not be absolutely required for synaptic fusion, though
his speculation requires further investigation.

The formulation of BoNT/B is produced by fermentation of
he Bean strain of Clostridium botulinum type B, and exists in
oncovalent association with hemagglutinin and nonhemagglu-
inin proteins as a neurotoxin complex. The protein is synthesized
s a single polypeptide of approximately 150 kDa, and nicked
y proteases to form the heavy and light chains. The com-
ercial preparation is an injectable solution that is clear and

olorless-to-light yellow with a molecular weight of approx-
mately 700 kDa. Each single-use vial contains 5000 U of the
roduct per milliliter, and includes 0.05% human serum albu-
in, sodium succinate, sodium chloride, sodium caprylate, sodium

cetyltryptophanate, hydrochloric acid and water at a pH of
.6 (USFDA, 2001; Neurobloc, 2000). Elan Biopharmaceuticals’
ethod of calculating the LD50 in mice is proprietary and
ay  differ in details such as the vehicle, dilution scheme and

aboratory protocols. The units of biological activity of Elan’s
roduct cannot be compared to or converted into units of any
ther botulinum toxin. The doses showing efficacy in cervi-
al dystonia trials were between 2500 Units and 15,000 Units
Tsui et al., 1995; Lew et al., 1997; 132-Brashear et al., 1999;
rin et al., 1999). The specific activity ranges between 70 and
30 Units/ng.

There is no specific pharmacology information on serotypes C
nd F that have been used in human clinical research trials. In
linical studies, BoNT/F has a shorter duration of effect (Greene
nd Fahn, 1993a, 1992; Ludlow et al., 1992; Rhew et al., 1994;
ouser et al., 1998), as may  type E in preliminary studies (Eleopra
t al., 1998), while type C may  have properties similar to those
f type A (Eleopra et al., 1998, 1997b). Botulinum toxin type F

as been used to treat patients who have antibodies or clinical
esistance to type A (Greene and Fahn, 1993a;  135-Greene and
ahn, 1992; Ludlow et al., 1992; Rhew et al., 1994; Houser et al.,
998).
gy 306 (2013) 124– 146

9.3. Risks and adverse effects

BoNT/A has been examined as a therapeutic agent since the late
1970s (Schantz and Johnson, 1994) and in long-term use under
medical supervision, it has been proven to be remarkably safe.
Weakness or routine EMG  changes in muscles distal to the site
of injection have not been reported. However, one study reported
diminished size of type IIB fibers in muscles distant from the injec-
tion site in patients treated for cervical dystonia (Ansved et al.,
1997).

Small amounts of BoNT may  briefly circulate in blood after
administration, raising concern about the potential for long-term
adverse effects. “Remote effect,” i.e., electromyographic evidence
that the toxin has spread to, or had an effect at, more distant
muscles has been reported in patients injected with BoNT/A with
the lower doses for blepharospasm, as well as patients treated
with higher doses for cervical dystonia. This typically manifests as
increased jitter in limb muscles on single-fiber EMG  (Lange et al.,
1993, 1991, 1987; Sanders et al., 1986).

The effect is probably universal in patients treated for cervical
dystonia. These physiological abnormalities do not appear to have
any clinical significance, and it is not known how long they persist.
Nevertheless, in over a decade and a half of experience in treating
patients with this agent, there have been no reports of objective
generalized weakness in patients without other neurological dis-
ease at routine doses.

Dysphagia may  represent direct muscle-to-muscle diffusion,
or may  be a systemic effect. Dry mouth may  be a systemic
effect, possibly reflecting the impact of toxin that escapes into
the bloodstream. The highest rates for dry mouth are seen
with MYOBLOC®/NeuroBloc®, followed by Dysport®, followed by
BOTOX®. To date, no clinical trials of MYOBLOC®/NeuroBloc have
been published in spasticity, and it is unknown whether incidences
of dysphagia or dry mouth differ between the three products in this
indication.

There are a paucity of data regarding use during pregnancy for
any commercially available serotype and teratogenicity has not
been established (Scott, 1989; Moser et al., 1997). The authors
recommend not injecting patients who  are pregnant or lactat-
ing. Additionally, although clinicians have treated some patients
with pre-existing disorders affecting neuromuscular junction func-
tion, the authors recommend proceeding with caution in treating
patients with conditions such as myasthenia gravis, Eaton-Lambert
syndrome, and motoneuron disease, particularly when large doses
are required, such as in the treatment of cervical dystonia (Mezaki
et al., 1996; Borodic, 1998; Emmerson, 1994; Tuite and Lang, 1996;
Erbguth et al., 1993; Bushara, 1997). Rarely, idiosyncratic reactions
can occur, including a persistent rash, localized reactions, and ptosis
with injections distant from the face (LeWitt and Trosch, 1997).

10. Antibodies and clinical resistance

In 1984 at Columbia University at the time that Brin and
colleagues began to investigate the use of Alan Scott’s BoNT/A
product, Oculinum (later marketed as BOTOX®), some investiga-
tors reflected on the possibility of developing an immune response
to chronic therapy. Advisors did not appreciate that antibody
formation would occur, because the toxin protein exposure was
considered low. In addition, the number of units per treatment was
very small compared to the exposure in food-borne botulism, and
in the latter case, patients had not been reported to have developed

an immune response to the toxin. At that time, there were no guide-
lines available as to the treatment interval. Brin et al. (1987) initially
treated patients on an “as needed” basis, giving booster injections,
and injecting some patients approximately every month, if clinical
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enefit could be demonstrated. They reported success using this
pproach; however, after a number of years of treatment, began to
ee the emergence of clinical resistance to therapy in some patients
Greene and Fahn, 1993b; Greene et al., 1994). As a result, they
djusted their treatment paradigm to avoid injecting patients more
ften than every 3 months, avoid “booster” injections, and to titrate
reatment to the lowest effective dose.

Resistance is characterized by absence of any beneficial effect
nd by lack of muscle atrophy following the injection. Antibod-
es against the toxin are presumed to be responsible for most
ases of resistance. As noted above, while early studies reported
o detectable antibodies in patients exposed either by intesti-
al colonization (Paton et al., 1982) or for therapeutic indications
Biglan et al., 1986; Gonnering, 1988), clinical investigators (Greene
nd Fahn, 1993b; Greene et al., 1994; Zuber et al., 1993; Hanna
t al., 1999) have shown that small numbers of patients do develop
ntibodies with repeated BoNT/A treatment. Although antibodies
ppear to cause no harm, they can render the patient unresponsive
o further treatments.

Immunoresistance to BoNT/A may  be tested immunologically
ith a variation of the mouse lethality assay, the mouse neutraliza-

ion assay, MNA; or mouse protection assay, MPA, or through ELISA
esting likely overestimates clinical immunoresistance (Hanna and
ankovic, 1998). The MNA  is considered the gold-standard, clini-
ally relevant assay. However, rather than send patients’ serum for
ither type of assay, we often choose to perform the FTAT (frontalis
ype A antibody test) when clinical resistance is suspected. Fifteen
o 20 Units BOTOX are divided into 2 sites of one side of the corru-
ator muscle. If the muscle does not move within 2 weeks, and the
atient cannot furrow that side of their brow, then they are “not
esistant;” if the corrugator moves properly, then they are “resis-
ant.” In the case of no resistance, the patient may  be injected on
he opposite side to maintain expression symmetry.

In reports of the early experience, antibodies had been iden-
ified via the mouse assay in 3–10% of cervical dystonia patients
reated with BoNT/A (both BOTOX® and Dysport®) (Greene and
ahn, 1993b; Greene et al., 1994; Zuber et al., 1993). The product
nsert for BOTOX® indicates the figure may  be as high as 17%. This
gure (i.e., 17%) reflects the incidence in patients who  had been
reated with the original lot of toxin (79-11), some for many years,
nd many using a treatment paradigm that included booster injec-
ions. Lot 79-11, which is no longer distributed, had a significantly
igher protein exposure than current BOTOX®.

The authors concur with Greene et al. (1994) and Jankovic and
chwartz (1991) in the recommendations to minimize immunore-
istance: (1) use the smallest possible effective dose, (2) extend
he interval between treatments as long as reasonable, at least 3

onths between treatments, and (3) avoid using booster injections.
In December 1997, Allergan released “current BOTOX®”. Cur-

ent BOTOX® has a higher specific activity than the original batch
Lot 79-11) that was initiated in 1979 (Allergan, Dear Customer let-
er, November 1997). Current BOTOX® has approximately 4–5 ng
eurotoxin complex per 100 Units. The foundation for a product
hat results in a lower protein exposure to the patient is reviewed
lsewhere (Brin, 2000b); comparative protein exposure is sum-
arized in Table 4. Brin et al. (2000) reported on consecutive

ervical dystonia patients treated with current BOTOX®, and found
o evidence for immunoresistance. Recently, Jankovic reviewed
is series of cervical dystonia patients treated with both the orig-

nal BOTOX® (lot 79-11) and current BOTOX® and reported no
atients had developed immunoresistance when treated exclu-
ively with current BOTOX® (Jankovic et al., 2002). After performing

n analysis examining the influence of age and cumulative dose,
hey concluded that the low risk of antibody formation follow-
ng current BOTOX® treatment is related to the lower protein
xposure.
gy 306 (2013) 124– 146 131

Patients with resistance to one serotype may  benefit from injec-
tion with other serotypes. In studies of BoNT/A resistant patients,
the benefits of BoNT/F seemed to last approximately 1 month
(Greene and Fahn, 1993a, 1992; Ludlow et al., 1992; Rhew et al.,
1994; Houser et al., 1998; Sheean and Lees, 1995; Mezaki et al.,
1995) and both seropositive and seronegative patients benefited.

The registration clinical trials for BoNT/B show that
this product is efficacious in type A-resistant patients
with cervical dystonia (Brin et al., 1999). The only pub-
lished antibody rates for MYOBLOC®/NeuroBloc® are found
in the U.S. Product Label and in the Summary Basis of
Approval (SBA) (USFDA, 2001) available on the FDA website
(http://www.fda.gov/cber/products/botelan120800.htm). An
ELISA assay was used to identify those patients who developed
an antibody response. The mouse neutralization assay (MNA) was
then performed. A positive MNA  was  seen in 9.6% of patients at
12 months, 18.2% of patients by 18 months, and 22.6% of patients
by 20 months. Reports suggests that BoNT/C has a duration of
effect similar to that of BoNT/A (Eleopra et al., 1998, 1997b),  but
it is unknown if BoNT/C is effective in type-A or type-B resistant
patients.

11. Botulunum toxin for the treatment of pain

11.1. BoNT for the management of musculoskeletal pain

Multiple studies have looked at the neurotoxin’s potential for
the treatment of painful musculoskeletal conditions, including
chronic myofascial and spinal pain syndromes. Musculoskeletal
pain is often attributed to myofascial pain syndrome (MPS). Of
patients with pain presenting to various specialists, the prevalence
of MPS  has been reported to vary from 30 to 90%, depending on the
subspecialty practice and setting. MPS  is characterized by painful
muscles with increased tone and stiffness containing trigger points,
which are tender, firm nodules, or taut bands, usually 3–6 mm in
diameter. Palpation produces aching pain in localized reference
zones (Garvey et al., 1989).

Mechanical stimulation of the taut band by needling or brisk
transverse pressure produces a localized muscle twitch. Trigger
point palpation often elicits a “jump sign”—involuntary reflex-
like recoil or flinching from the pain—that is disproportionate to
the pressure applied. Multiple treatments, including trigger point
injections, have long been advocated; however, reports conflict as
to whether any therapeutic substance injected into a muscle pro-
vides more benefit than dry needling alone (Wheeler, 2004a).

The pathogenesis of myofascial trigger points is unknown; how-
ever, Simons postulates that abnormally increased motor endplate
activity caused by excessive release of acetylcholine at the neu-
romuscular junction results in spontaneous electrical activity and
extrafusal muscle contraction in the immediate vicinity of the
extrafusal muscle end plates, thus forming the taut band and trigger
point (Simons, 1996).

Numerous studies have examined the role of BoNT for treating
chronic cervical-thoracic pain associated with myofascial pain and
dysfunction. In a randomized, controlled, crossover study, Cheshire
et al. (1994) injected myofascial trigger points in the cervical and
shoulder region in 6 patients with either BoNT/A (50 Units spread
out over 2–3 areas) or normal saline (NS). Crossover occurred at 8
weeks. Four of the 6 patients reported at least 30% pain reduction,
as measured by visual analogue scales (VAS), with BoNT/A, but not
saline injections.
In a randomized, double-blind, prospective, placebo-controlled
study by Wheeler et al. (1998),  33 patients with a single cervi-
cal myofascial trigger point were injected with either 50 Units or
100 Units of BoNT or normal saline. All 3 groups showed significant

http://www.fda.gov/cber/products/botelan120800.htm


132 A. Wheeler, H.S. Smith / Toxicology 306 (2013) 124– 146

Table 4
Protein exposure with currently available botulinum toxin preparations.

BOTOX® (Naumann et al., 2002) Dysport® (Hambleton and Pickett, 1994) NeuroBloc®/MYOBLOCTm (USFDA, 2001)

U/ng in current formulation 20 U/ng 40 U/ng 100 U/ng
g/700
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reatment effects as measured by VAS, psychometric testing, and
ressure algometry. Group differences were apparent only when
he authors considered the number of patients who were asymp-
omatic from the injections, but no clear statistically significant
enefit of BoNT over placebo was demonstrated over 4 months.

However, a striking difference in treatment response was  noted
etween the participants in the 2 BoNT/A treated groups compared
ith those in the initial placebo group who elected to receive a

econd, unblinded BoNT/A 100 Unit injection into the same trig-
er point. Using the same measurement criteria, this second study
rm showed a beneficial effect from BoNT/A, but the small number
f participant’s precluded meaningful statistical analysis (Wheeler,
998).

In a follow-up open-label study, Wheeler and Goolkasian
2001) examined a 44 patient-cohort with refractory cervical-
horacic (73%) or lumbosacral (9%) muscular pain (or both) who
eceived BTX-A treatment in a private outpatient clinic com-
ined with physical therapy. BoNT/A treatment was directed at
ainful muscles with spasm or trigger points. BoNT/A dosages
ere tailored to meet individual patient needs and varied between

0 and 200 Unit. Eighty percent of all patients reported signifi-
antly reduced pain after their initial treatment session. Forty-one
ercent of patients who only underwent one treatment session
nd an additional 27% who required a second injection ses-
ion still reported “adequate pain relief” when contacted 2 years
ater.

However, in a subsequent double-blind, randomized, controlled
tudy, Wheeler et al. (2001) were unable to detect any statisti-
ally significant differences in pain reduction between BoNT/A and
lacebo-treated patients with painful cervical-thoracic paraspinal
nd trapezius muscles using higher total doses of BoNT/A (e.g.,
00–300 Units/session), similar to treatment doses commonly used
or cervical dystonia.

In the studies described so far, physicians have used similar
njection methodology by placing the neurotoxin into symp-
omatic trigger points, a practice consistent with the treatment
echniques originally described by Simons and Travell (1999).
owever, some advocate placement of BoNT into the muscle’s
otor point (e.g., into standardized sites in the mid-belly of

ffected muscles) (Lang, 2000). Using a BoNT treatment tech-
ique that involved injecting the muscle in its motor point
attern with doses of BoNT/A ranging from 20 to 600 Units,
ang (2000) studied the treatment of 72 patients who received
5 injection session treatments. Sixty percent of patients
xperienced good-to-excellent results at 22–60 days following
njection.

In a 12-week randomized, double-blind, placebo-controlled
tudy, 132 patients with cervicothoracic myofascial pain were
reated with BoNT/A or saline by Ferrante et al. (2002).  No signif-
cant differences in outcome were seen between groups. Patients
eceiving BoNT/A were treated with a total of 50–250 Units of toxin
ivided among 5 injection sites (Ferrante et al., 2002).

Porta (2000a), in a single blinded study, evaluated the difference
etween lidocaine/methylprednisolone injections compared with

oNT/A injections into symptomatic myofascial trigger points in
he psoas, piriformis, or scalenus anterior muscles; 80–150 Units of
oxin were used. Each group received benefit, but the toxin-treated
atients experienced a greater duration of relief.
 U 100 ng/10,000 U

Langevin et al. (2011) performed a Cochrane Review and
reported that current evidence fails to confirm either a clinically
important or a statistically significant benefit of BoNT/A injection
for chronic neck associated with or without associated cervicogenic
headache.

Seventy-one percent of his patients reported significant reduc-
tions in headache pain frequency and severity. In 2 separate
open-label studies, Taqi et al. (2002a,b) showed that either type of
BoNT may  be effective in the treatment of myofascial pain. Several
case reports using BoNT/B injections in the management of chronic
myofascial pain have suggested overall beneficial results (Fishman,
2002; Nalamachu, 2002; Smith et al., 2002).

Several publications, including a case report and an open-label
study involving 77 patients; have emphasized the benefit of BoNT
in the management of chronic myofascial pain (Lang, 2002; Sheean,
2002; De Andres et al., 2010). One published review of BoNT/A
treatment for chronic musculoskeletal pain found no clinical evi-
dence of its beneficial efficacy, despite scientific evidence of BTX
analgesic qualities (Saenz et al., 2003).

Reports of the use of BoNT for treatment of piriformis muscle
syndrome included a randomized, controlled, crossover study of
9 patients who were treated with 100 Units of either BoNT/A or
placebo using EMG  and fluoroscopic guidance for injection place-
ment. Childers et al. (2002) reported a trend toward greater pain
relief for patients receiving toxin as opposed to placebo. Fanucci
et al. (2001) reported that 26 of 30 patients with piriformis syn-
drome who  were injected with BoNT/A under computerized axial
tomographic guidance obtained relief of their symptoms within
5–7 days.

Fishman et al. (2002) performed 2 studies looking at BoNT use
for patients with piriformis syndrome. In one uncontrolled study,
the authors concluded that BoNT/A injections may be a useful
adjunctive treatment measure primarily when added to physical
therapy in the management of this syndrome. In a follow-up dose-
ranging study with BoNT/B for piriformis syndrome using EMG
guidance, Fishman et al. (2002) reported that patients experienced
notable symptom improvement.

A double-blind, randomized, controlled study of BoNT/A use for
chronic myofascial pain compared 30 patients with trigger points
in the infraspinatus muscle. Subjects were divided into a treatment
group who received 50 Units/0.25 mL  saline or a placebo group
who just received 0.25 mL  of isotonic saline. Outcome measures
included localized and referred pain, pain detection and toler-
ance thresholds to mechanical pressure (electronic algometer), and
shoulder movement assessed at 3 and 28 days after injection. EMG
interference patterns were evaluated at baseline and at 28 days
following BoNT/A injections. BoNT/A significantly reduced motor
endplate activity and EMG  interference patterns; however, no sig-
nificant differences were found in any of the outcome measures
between groups (Gobel et al., 2006). BoNT/A has antinocicep-
tive and muscle-spasmolytic properties that may  be hypothesized
to alleviate signs and symptoms of myofascial pain syndromes
(MPS). A prospective, double-blind 12-week, multicenter, random-
ized controlled trial by Gobel et al. (2006) found that patients

with upper-back MPS  who  received injections of 400 Ipsen units
of BoNT/A (Dysport) to 10 individual trigger points demonstrated
significantly improved pain levels at 4–6 weeks after treatment
without adverse side effects.
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1.2. BoNT for low back pain

The use of BoNT in the management of chronic low back pain
emains controversial but has been investigated. In a randomized,
ontrolled study involving 31 patients with chronic low back pain,
oster et al. (2001) studied the effect of 200 Units of BoNT/A (5 sites
n the paravertebral levels L1-L5 or L2-S1, 40 Units per site) com-
ared with placebo injections. Pain and extent of disability were
oted at baseline and at 3 and 8 weeks using a VAS and the Oswestry
ow Back Pain and Disability Questionnaire. At both 3 and 8 weeks,
ore patients who had received BoNT injections (73.3% and 60%,

espectively) experienced 50% or more pain relief compared with
he placebo treated group (25% and 12.5%, respectively). At 8 weeks,
ess disability was noted in the BoNT/A-treated group compared

ith the placebo-treated group.
Knusel et al. (1998) treated patients with low back pain

ssociated and painful muscle spasm with different doses of
oNT/A and noted that only those treated with the highest doses
240 Units) experienced significantly greater relief than placebo-
reated patients.

Two randomized, prospective studies, one double-blind and one
pen label, were performed to evaluate the long-term efficacy and
afety of BoNT/A in 31 and 75 patients with chronic low back pain,
espectively. Both studies used a novel injection technique, with
lacement of 40–50 Units of BoNT/A by injection into the erector
pinae muscles at each of 5 levels from L1-L5 (Jabbari, 2008). Jab-
ari reported significant (p < 0.05) reduction of pain intensity and

mprovement in performance of activities of daily living in 60% and
3% of the patients, respectively. A second study also demonstrated
afety with repeated injection sessions over 14 months. The author
uggests that BoNT/A should be considered when treatment of low
ack pain fails other more standard management approaches.

A prospective study by Jabbari et al. (2006) was also performed
o study the short-term and long-term effects of BoNT/A on refrac-
ory chronic low back pain. Seventy-five patients received BoNT/A
njections into paraspinal muscles at 4–5 levels between L1-S1 uni-
aterally or bilaterally. Dose per site ranged from 40 to 50 Units,

hereas the total dose per session ranged from 200 to 500 Units.
einjection of BoNT/A was performed at 4 months if pain returned
ver the study duration of 14 months. Outcome data collection
ncluded VAS scores, pain frequency (e.g., number of pain days),
nd self-perceived functional status using the Oswestry Disability
uestionnaire (ODQ).

Participants were assessed at baseline, 3 weeks, and then at
, 4, 6, 8, 10, 12, and 14 months. Forty patients at 3 weeks (53%)
nd 39 patients at 2 months (52%) reported significant pain relief.
hanges in VAS, ODQ scores, and pain frequency were consistent
ith patient improvements and were statistically significant when

he 2-month data were compared with baseline at 2 months and
hen after each injection period (p < 0.005). Among initial respon-
ers, 91% continued to show improvement over the length of the
tudy. Three patients (4%) experienced a probable adverse event
onsisting of a mild flulike reaction that lasted 2–5 days following
n initial injection session. The number of responders and dura-
ions of chronicity is unclear. Any associated therapies were not
oted. Therefore, agreeing with the authors when they suggest that

 favorable initial response to BoNT/A predicts subsequent respon-
iveness is difficult.

The same authors performed an open label prospective study
n 60 patients with chronic low back pain (Ney et al., 2006).
atients received 40–50 Units per paraspinal level with multiple
evels injected. A maximum dose was 500 Units of BoNT/A per

n injection session. Study participants with a beneficial clinical
esponse received a second treatment at 4 months. Pain and clin-
cal status were assessed by VAS, modified OLBPQ, and a CLBPQ
t baseline, 3 weeks, 2 months, 4 months, and 6 months after the
gy 306 (2013) 124– 146 133

first treatment. Participants included 18 women and 42 men, aged
21–79 years (mean, 46.6 y); with chronic low back pain over a mean
duration of 9.1 years.

Significant improvement in back and radicular pain occurred
at 3 weeks in 60% and at 2 months in 58% of the cohort. Again,
the authors found that a beneficial clinical response to the first
injection predicted the benefit of a second reinjection response,
which was indeed measured and determined to be 94%. A signif-
icant minority of patients had a sustained beneficial effect from
the first injection at 4 months (16.6%) and 6 months (8.3%). Two
patients experienced an adverse event described as a transient flu-
like reaction after the initial treatment. Ney et al. (2006) concluded
that BoNT/A is a reasonable therapy for seeking improvement in
patients with refractory chronic low back pain.

A beneficial clinical response can be predicted within the first
2 months following treatment. An early positive response from
BoNT/A treatment also predicts the high likelihood that the benefit
will be sustained with a second treatment. Furthermore, BoNT/A
demonstrates a low incidence of mild, but usually transient side
effects.

11.3. BoNT in the management of neuropathic pain

BoNT may  be effective in the management of neuropathic pain,
which by definition is caused by damage or dysfunction within
the central or peripheral nervous system. Conditions such as pos-
therpetic neuralgia (PHN), spinal radiculopathy, complex regional
pain syndrome (CRPS), spinal cord injury, and brachial plexus
injury are examples of neuropathic pain syndromes (Wheeler,
2004b). BoNT/A has demonstrated relief of pain in conditions asso-
ciated with muscular overactivity, but may  also be effective in the
treatment of neuropathic pain. Multiple neurochemical and neu-
rophysiological mechanisms have been cited that could explain
potential actions of BoNT/A as a therapeutic agent for neuropathic
pain.

Freund and Schwartz (2001) reported reduced pain in 7 patients
with trigeminal, thoracic, or lumbar PHN of more than 6 months
who were treated with subdermal BoNT/A injections at a con-
centration of 5 Units per 0.1 cm3 preservative-free normal saline
into every 9 cm3. In another report, 2 patients with cervical spinal
cord lesions experienced hyperesthesia, allodynia and burning
pain in a segmental dermatomal distribution (Jabbari et al., 2003).
Patients were treated with multiple point subcutaneous injec-
tions of BoNT/A in the involved dermatome. Definite analgesia was
obtained and then maintained by repeating injection treatments
every 4–6 months. Injections in one patient were discontinued at
3 years and in the second patient after 2 years, when neuropathic
pain symptoms subsided.

Xiao et al. (2010) investigated the therapeutic benefits of
BoNT/A in subjects with PHN in a randomized, double-blind,
placebo-controlled study. After randomization, one of the following
solutions was injected subcutaneously in the affected dermatome:
5 u/mL BoNT/A, 0.5% lidocaine, or 0.9% saline (placebo with 20
patients in each of the three groups. Visual analog scale (VAS) pain
and sleeping time (hours) were evaluated at the time of pretreat-
ment, day 1, day 7, and 3 months posttreatment. Opioid usage was
calculated at day 7 and 3 months posttreatment (Xiao et al., 2010).
Compared with pretreatment, VAS pain scores decreased at day 7
and 3 months posttreatment in all three groups (P < 0.01). However,
the VAS pain scores of the BoNT/A group decreased more signifi-
cantly compared with lidocaine and placebo groups at day 7 and 3
months posttreatment (P < 0.01). Sleep time (hours) had improved

at day 7 and at 3 months compared with pretreatment in all three
groups, but the BoNT/A group improved more significantly com-
pared with lidocaine and placebo groups (P < 0.01). The percent of
subjects using opioids posttreatment in the BoNT/A group was  the
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owest (21.1%) compared with the lidocaine (52.6%) and placebo
66.7%) groups (P < 0.01) (Xiao et al., 2010).

Long-lasting analgesia of neuropathic pain was demonstrated
n 2 experimental studies using rats with either alloxan or
treptozotocin-induced diabetic peripheral neuropathy. A single
ubcutaneous injection of BoNT/A produced a prolonged antinoci-
eptive effect as measured by mechanical sensitivity (Lackovic
t al., 2006). Furthermore, more investigation has confirmed that
oNT/A is effective at treating painful conditions that are not
rimarily caused by excessive or aberrant muscle contraction.

n addition to inhibiting vesicular release and membrane fusion
ith acetylcholine, BoNT/A appears to exert similar influences on
ain-mediating neuropeptides that include Substance P and calci-
onin gene-related peptide (CGRP) from sensory neurons. BoNT/A
lso inhibits release of the excitatory neurotransmitter glutamate,
nd also, suppresses the vanilloid receptor TRPV1 on the surface of
eripheral nociceptors (Apfel, 2009; Jeynes and Gauci, 2008; Aoki,
008).

An abstract by Relja and Militec (2006) presents a prospective
tudy of BoNT/A treatment of painful diabetic neuropathy, whereby
1 symptomatic patients were randomized into a BoNT/A 100 Units
reatment or placebo group. Injection methodology was not dis-
ussed in the published abstract. All patients completed the study.
ignificant improvements were noted in all outcome measures;
ncluding the endpoint mean pain score, VAS, global assessments,
nd the SF–36 Questionnaire (Relja and Militec, 2006).

A double-blind, placebo-controlled crossover study of BoNT/A
or the treatment of painful diabetic peripheral neuropathy was
erformed by Yuan et al. (2009) using doses of about 4 u per injec-
ion site in 18 subjects. Benefit of reduced pain in the treatment
roup was noted as early as 1 week followed by statistically sig-
ificant improvement over through completion of the study at 12
eeks. Responders were defined by >3 cm improvement on a 10 cm

pain right now” VAS. Yuan et al. (2009) reported a 44% responder
ate for the active group vs. 0% for the control group, as well as
ransciently improved sleep quality.

A 2008 study by Ranoux et al. (2008) also, a double-blind
CT, evaluated 29 patients with focal neuropathic pain (e.g., post-
raumatic postoperative pain or PHN) treated with standardized
oNT/A dosing of 5 u per injection site and showed statistically sig-
ificant pain relief at 1 week, and progressing through study’s end
t 14 weeks. Responders reported >50% pain reduction on weekly
ain scores. Responders were 40% in the treatment group com-
ared to 7% in the control group. Ranoux et al. (2008) concluded
hat BoNT/A may  induce direct analgesic effects in patients with
hronic neuropathic pain independent of its effects on muscle tone.
anoux et al. provided the first significant support from human
tudies in favor of utilizing botulinum toxins for neuropathic pain
Smith, 2009; Murinson, 2008). This study (Ranoux et al., 2008),
long with the Xiao (Xiao et al., 2010) and Yuan (Yuan et al., 2009)
linical investigations show promise for the treatment of neuro-
athic pain with few, if any, adverse events. As will be noted in
ll BoNT studies they fail suitable design and statistical power to
atisfy any FDA or evidence-based analysis.

1.4. BoNT for osteoarticular pain

The rationale for the use of BoNT injections into painful joints
ollowed research findings that implicated intra-articular injec-
ions of substance P and calcitonin gene-related peptide (CGRP) as
ausative of joint pain and inflammation. BoNT was  found to pro-
uce significant pain relief when injected into painful joints due to

ither inflammatory or noninflammatory disorders. This rationale
resumes that the neurotoxin is capable of binding to nociceptor C-
bers, undergoing endocytosis, and blocking the vesicular release
f substance P, CGRP, and glutamate, which are all pain mediators
gy 306 (2013) 124– 146

capable of producing neural transmission of noxious stimuli with
subsequent nociceptor sensitization.

Singh and Fitzgerald (2010) performed a double-blind, ran-
domized controlled trial to determine the safety and efficacy of
intra-articular BoNT/A injections in 43 patients with chronic refrac-
tory, moderate-to-severe shoulder joint pain presumed to be due
to arthritis. Patients were randomized to receive either 100 U of
BoNT/A with lidocaine or saline and lidocaine. Primary outcomes
were reduced pain severity on VAS at 1 month (0–10 cm). Sec-
ondary outcomes were improvements as measured by the Shoulder
Pain and Disability Index (SPADI) disability subscale, quality of life
on short-form (SF)-36 subscales, percent of patients who achieved
at least a 30% decrease or a 2-point reduction in VAS pain (clinically
meaningful pain relief), and safety (Singh and Fitzgerald, 2010).
Both BoNT/A (n = 21) and placebo (n = 22) groups were comparable
at baseline. At one month postinjection, pain reduction by VAS, SF-
36 subscale scores, and the SPADI disability subscale improvement
were significantly greater in the BoNT/A group than in the placebo
group. Clinically meaningful pain relief occurred in 61% of the BTX-
A treatment group versus 36% of placebo patients (P = 0.22). The
total number of adverse events was similar, which included 50
events in the BoNT/A group versus 46 events in the placebo group.
Therefore, a single injection of BoNT/A produced statistically sig-
nificant and clinically meaningful pain relief, as well as, producing
improvement in quality of life for patients with chronic refractory
moderate/severe shoulder arthritis pain at 1 month. These data
provided evidence to support the need for a larger multicenter,
randomized trial (Singh and Fitzgerald, 2010).

11.5. BoNT for shoulder pain following stroke

BoNT has been studied for use in shoulder pain following stroke.
Castiglione et al. (2011) performed a Pilot study with assessments
before and after BoNT/A intra-articular injection for 75 patients
with refractory hemiplegic shoulder pain. Baseline VAS score was
8.7 ± 1 at rest and 9.8 ± 0.4 during passive arm abduction. It clearly
decreased at 2 (1.5 ± 1.1 at rest, P = .001; 3 ± 1.2 during 90◦ arm
abduction, P < .001) and 8 weeks (1.5 ± 1.2 at rest, P = .001; 2.3 ± 1.1
during arm abduction, P < .001) after BoNT/A intra-articular injec-
tion (Castiglione et al., 2011).

To assess the effects of BoTN/A on hemiplegic shoulder pain
associated with spasticity, a larger double-blind, randomized
controlled trial looked at a one-time injection of BoTN/A (500 Spey-
wood Units) into the pectoralis major and biceps brachii on the
hemiplegic side (Kong et al., 2007). VAS of shoulder pain, shoul-
der adductor and elbow flexor tone using the Ashworth scale, and
passive range of shoulder abduction were assessed as outcomes.
However, only 17 patients were enrolled, 8 in the BoTN/A group
and 9 in the placebo group. Negative findings in this study include
the small sample size and the presence of causes of shoulder pain
not related to spasticity, which could have confounded outcome.

A double-blind, randomized controlled trial was performed to
determine the efficacy of BTX-A for treatment of shoulder pain in
patients with spasticity after stroke (Marco et al., 2007). Two  cases
dropped out (6.5%) of 31 patients enrolled from an acute-care hos-
pital in Spain. Fourteen subjects were treated with infiltration of
500 U of BoTN/A compared with 15 who received placebo in the
pectoralis major muscle of the paretic side. Patients were assessed
using a VAS for pain. A significant reduction in pain was considered
when the VAS score was below 33.3 mm or less than half the initial
score. At 6 months, patients treated with BoTN/A showed signif-
icantly greater improvement in pain than placebo from the first

week postinfiltration. Patients with shoulder pain from spasticity
treated with BoTN/A infiltration into the pectoralis major muscle
on the paretic side had a higher likelihood of pain relief, ranging
between 2.43 and 3.11-fold.



xicolo

1
f

o
o
r
B
2

n
(
i
i
p
t
a
m

n
(
S
c
P
T
V
v
t
B

1

c
b

c
w
n
a
v
a
t
N

s
y
w
v
1
i
t
f

i
o
T
a
P
m
n

l
t
(
o

A. Wheeler, H.S. Smith / To

1.6. BoTN/A for neck pain after radiotherapy/dissection surgery
or cancer

Neck dissection surgery and radiation therapy for the treatment
f carcinoma of the head and neck often results in chronic pain. Four
f 6 volunteers with muscular neck pain and spasm after radiothe-
apy for treatment of carcinoma of the head and neck who  received
oTN/A injections into affected sternocleidomastoid muscle in 1 or

 locations achieved pain relief (Van Daele et al., 2002).
A prospective, open-label study of 16 patients with chronic

eck pain after dissection received 80–320 Units of BoTN/A
Dysport) injected into muscular trigger points. Outcome measures
ncluded chronic and shooting pain using VAS and quality of life
mprovement measures before and 4 weeks after treatment. All
atients showed a significant reduction in chronic pain (4.5 before
o 3.3 after treatment, p = 005) and shooting pain (6.1 before to 4.7
fter treatment, p = 005), including a trend toward improvement in
easures of global quality of life and function (Vasan et al., 2004).
In another study, 23 patients with chronic neuropathic pain after

eck dissection were selected for an open, prospective phase II trial
Wittekindt et al., 2006). One group of patients received BoTN/A
C in a low-dose concentration of 10 Units/0.1 mL  saline (n = 13)
ompared with a high-dose-group (n = 10) of 20 Units/0.1 mL  saline.
ain and quality of life measures were assessed at day 0 and day 28.
he low-dose BoTN/A group showed significant pain reduction by
AS of 4.3 at day 0–3 at day 28 (P < .05); however, the mean pain VAS
alues did not significantly improve in the high-dose group. Trends
oward improvement in quality of life were only in the low-dose
oTN/A group (Wittekindt et al., 2006)].

1.7. BoTN/A for urological pain

Zermann et al. (2000) reported pain relief in 11 patients with
hronic prostatic pain who were treated with BoTN/A (200 Units)
y transurethral perisphinteric injection.

Giannantoni et al. (2010) looked prospectively at the 2-year effi-
acy and tolerability of intravesical BoTN/A injections in patients
ith painful bladder syndrome (PBS) associated with increased uri-
ary frequency refractory to conventional treatments. Preliminary
ssessment of the 13 participants, who were all women, included
oiding diary, urodynamics, urinary tract ultrasonography, and VAS
ssessment of pain intensity. All patients received multiple injec-
ions of 200 U of commercially available BoTN/A diluted in 20 mL
S under cystoscopic guidance.

Clinical evaluation, urodynamic studies, urinary tract ultra-
onography, and VAS assessment were repeated at least twice per
ear during follow-up. A total of 58 injections were administered,
ith a mean of 4.8 ± 0.8 injections per patient. The mean inter-

al between 2 consecutive injections was 5.25 ± 0.75 months. At
-month and 4-month follow-ups, 10 patients reported subjective

mprovement. Three nonresponders to initial BoTN/A intravesical
reatment underwent a repeat session 3 months later with satis-
actory response.

At the 1 year and 2 year follow-ups, the beneficial effect from
ntravesical BoTN/A persisted in all patients. The authors did not
bserve any adverse systemic side effects during the study period.
hey concluded that intravesical injections of BoTN/A are effective
nd safe, at least for medium-term management of patients with
BS. As the beneficial BTX effect gradually decreased over several
onths after previous treatment sessions, repeat injections of the

eurotoxin were provided when needed over time.
Liu and Kuo (2007) reported their observations regarding the
evel of nerve growth factor (NGF) mRNA in bladder tissue and
he effect of BoTN/A treatment in patients with interstitial cystitis
IC). Nineteen patients with IC underwent intravesical injections
f 100 Units or 200 Units of BoTN/A, followed by cystoscopic
gy 306 (2013) 124– 146 135

hydrodistension 2 weeks later. The bladder mucosa was  biopsied
before BoTN/A injections and immediately after hydrodistension
in study participants and in 12 control subjects. The NGF mRNA
and protein levels in bladder tissues were assessed by real-time
polymerase chain reaction and immunohistochemistry studies to
determine differences in NGF expression between patients with IC
before and after BoTN/A treatment and compared with controls.

At 3 months, 14 patients had symptomatic improvement
(responders) and 5 did not (nonresponders). At baseline, the NGF
mRNA levels in the overall IC patient group were significantly
greater than controls. At 2 weeks after BoTN/A treatment, the NGF
mRNA levels were found to be decreased and were not significantly
different from the NGF mRNA levels in controls. The NGF mRNA
levels decreased significantly in responders and were significantly
decreased after BoTN/A in 11 patients who reported a reduction in
pain of 2 or more as measured by VAS.

Immunoreactivity studies of bladder tissue from patients with
IC showed greater NGF density at baseline compared with controls,
but the difference was no longer significant after successful BoTN/A
treatment. The authors suggest that intravesical BoTN/A injec-
tions plus hydrodistension reduce bladder pain in patients with
IC. The NGF levels in bladder tissues were significantly increased
in patients with IC and dropped to normal levels after treatment in
responders.

The use of ureteral stents for ureteral obstruction and after
ureteroscopy can result in substantially reduced patient quality of
life due to pain, frequency and urgency. Gupta et al. (2010) tested
their theory that numerous stent-related symptoms may  be caused
by detrusor muscle spasm in and around the intramural ureter by
evaluating the effect of BoTN/A in patients with indwelling stents
after ureteroscopy. Fifty-one patients were enrolled in a prospec-
tive, randomized, single-blind study comparing BoTN/A injections
into 3 locations around the ureteral orifice (30 patients) com-
pared with no injection after unilateral ureteral stent insertion (21
patients).

Pain and urinary symptoms after stent placement were eval-
uated using the Ureteral Stent Symptom Questionnaire, which
was completed on postoperative day 7. In addition, patients were
required to maintain a log of opioid analgesic use between stent
placement and its removal. No complications or adverse events
occurred during this study. A significant reduction was  reported
in the postoperative pain score between the patients treated with
BoTN/A and the control group (e.g., 3.4 vs. 6 [p = 0.02]). Postop-
erative opioid use was  less in the BoTN/A treatment group, who
averaged 7.7 pills over 2.7 days compared with 24.7 pills averaged
over 7 days in control patients (p = 0.03).

With respect to postoperative lower urinary tract symptoms, no
significant difference was noted between cohorts using the individ-
ual index scores within the Ureteral Stent Symptom Questionnaire.
Periureteral BoTN/A injections appear to improve ureteral stent tol-
erability as referenced by patient report of reduced postoperative
pain intensity and decreased opioid intake over a shorter period of
time following stent placement.

11.8. BoTN/A for pain associated with rectal disorders

A RCT showed that BoTN/A treatment can be effective in reduc-
ing pain after hemorrhoidectomy (Davies et al., 2003). Also, another
published review suggested that BotN/A may  be effective for the
management of severe anorectal pain (Hawley, 2002).

The maximum resting pressure in the anal canal is markedly
increased after hemorrhoidectomy, most likely due to postopera-

tive pain, which is the most difficult early management problem
after hemorrhoidectomy. Patti et al. (2007) compared the effects
of intrasphincter BoTN/A injections with application of glyceryl
trinitrate ointment after hemorrhoidectomy for improving wound
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ealing and reducing postoperative pain at rest or during defe-
ation. Thirty patients with hemorrhoids were randomized into

 groups. One group received an injection containing 20 Units of
oTN/A, whereas the other group received application of 300 mg  of
.2% glyceryl trinitrate ointment 3 times daily for 30 days. Anorec-
al manometry was performed preoperatively and then at 5 days
nd 40 days following hemorrhoidectomy.

Five days after hemorrhoidectomy, maximum resting pressure
as significantly reduced compared with baseline values in both

roups; however, postoperative pain at rest showed a signifi-
ant reduction in the BoTN/A group compared with the glyceryl
rinitrate group; pain during defecation and time of healing were
imilar. Adverse effects, such as headaches, were observed only in
he glyceryl trinitrate group. At 40 days posthemorrhoidectomy,
he maximum resting pressure values in the glyceryl trinitrate
roup were similar to those obtained preoperatively. However,
he maximum resting pressure values remained decreased in the
oTN/A group. These findings support the application of a single

ntrasphincter injection of BoTN/A for more effective reduction of
arly postoperative pain at rest, although not necessarily during
efecation. BoTN/A is safer and has less side effects than repeated
pplications of glyceryl trinitrate.

However, Singh et al. (2009) looked at 32 patients undergoing
emorrhoidectomy in a prospective randomized controlled trial.
outine postoperative care included metronidazole and bupiva-
aine. Patients were also randomized and given an intrasphincteric
njection of either placebo or BoTN/A (150 U). A linear analogue
core (VAS) was used to assess postoperative pain. The primary
ndpoint was reduction in postoperative pain. No significant effect
n overall or maximal pain scores was noted. Median time for
eturn to normal activities did not differ significantly between
roups. BoTN/A reduced anal spasm but failed to demonstrate any
ignificant effect on postoperative pain.

Thrombosed external hemorrhoids are a frequent anorectal
mergency. They are associated with swelling and intense pain.
atti et al. (2008) randomized 30 patients with thrombosed exter-
al hemorrhoids who refused surgical operation into 2 groups.
atients received an intrasphincteric injection of either 0.6 mL
aline or 0.6 mL  of a solution containing 30 Units of BoTN/A.
norectal manometry was  performed before treatment and 5 days
fterwards. After 5 days of treatment, the maximum resting pres-
ure fell in both groups but was significantly lower in the BoTN/A
roup (P = 0.004). Pain intensity was significantly reduced within
4 h of BoTN/A treatment (PY<Y0.001) but only after 1 week in the
lacebo group (P = 0.019). A single injection of BTX into the anal
phincter seems to be effective in rapidly controlling the pain asso-
iated with thrombosed external hemorrhoids and could represent
n effective conservative treatment for this condition.

Hollingshead et al. (2011) assessed the effectiveness of
otulinum toxin A injections (20–200 Units) into the anal sphinc-
er of 14 patients with functional anal pain (i.e., in the absence of
emonstrable anal pathology). Half of these patients reported sig-
ificant improvement at 3 months post-injection and 4 of 7 were
symptomatic at 3 years post-injection.

1.9. BoTN/A for pelvic pain

Chronic pelvic pain occurs in about 15% of women  and has
arious causes that require accurate diagnosis and appropriate
reatment if pain reduction is to be effected. Superficial conditions
uch as provoked vestibulodynia and deeper pelvic issues such as
elvic floor myalgia were traditionally difficult to diagnose and

dequately treat (Abbott, 2009).

To determine whether BoTN/A is more effective than placebo
or reducing pain and pelvic floor pressure in women with chronic
elvic pain and pelvic floor muscle spasm, Abbott et al. enrolled
gy 306 (2013) 124– 146

60 women  with chronic pelvic pain lasting 2 years or longer who
demonstrated evidence of pelvic floor muscle spasm (Abbott et al.,
2006). The methodology was  a double-blind, randomized con-
trolled trial, wherein 30 women received 80 Units of BoTN/A by
injection into the pelvic floor muscles, and 30 women received
injections of NS. The severity of dysmenorrhea, dyspareunia,
dyschezia, and nonmenstrual pelvic pain were assessed by VAS at
baseline and then monthly for 6 months. Pelvic floor pressures were
measured by vaginal manometry.

A significant change from baseline in the BoTN/A group was
noted for dyspareunia and nonmenstrual pelvic pain. In the placebo
group, only dyspareunia was significantly reduced from baseline. A
significant reduction in pelvic floor pressure (cm of H2O) was noted
in the BoTN/A group from baseline; the placebo group also had
lower pelvic floor muscle pressures. The authors found an objective
reduction of pelvic floor muscle spasm, which reduces some types
of pelvic pain. BoTN/A reduced pressure in the pelvic floor mus-
cles more than placebo; therefore, BoTN/A may  be a useful agent
in women  with pelvic floor muscle spasm and chronic pelvic pain
who do not respond to conservative treatment, including physical
therapy.

Rao and Abbott (2009) reviewed the gynecological use of
BoTN/A for the treatment of chronic pelvic pain in women. BoTN/A
was advocated for use in inflammatory conditions and in areas
where muscle spasm was thought to contribute to pain. They
acknowledged the limited data that support or specify the use
of BoTN/A for gynecological indications. Support for use in the
vulva consists of case reports and small series, which indicate
that BoTN/A, when used in the vulva, may  provide benefit for
3–6 months after injection of 20–40 Units for women with pro-
voked vestibulodynia. Retreatment is reportedly successful, and
side effects are limited. Controlled studies are essential to further
explore this indication.

For pelvic floor muscle spasm, a greater number of women
have been studied and a double-blind, randomized controlled study
reported a significant reduction in pelvic floor pressures, with sig-
nificant pain reduction for some types of pelvic pain compared with
baseline. No differences in pain were noted when compared with
the control group who had physical therapy as an intervention.
Physical therapy can be used as a first line treatment or adjunc-
tively with BoTN/A injections in cases of refractory pain and muscle
spasm.

In a review by Rao and Abbott (2009), they cited pain symp-
toms caused by pelvic floor muscle spasm, daily pelvic pain, and
dyspareunia are the most likely to be improved by BoTN/A. Limited
data supporting the use of BoTN for provoked vestibulodynia indi-
cate an improvement in pain scores. In the lower GI tract, BoTN/A
injection into puborectalis has demonstrated objective improve-
ment in intravaginal pressures, although no randomized controlled
trials (class I studies) have validated its use in this setting. Class I
studies demonstrate a role for BoTN/A in the management of idio-
pathic detrusor overactivity, although long-term follow-up data are
lacking.

Potential problems with BoTN/A use include reactions to
the toxin and urinary and fecal incontinence. A single class I
study supports the use of BoTN/A for refractory pelvic floor
spasm; however, further adequately powered class I stud-
ies for this indication and for provoked vestibulodynia are
warranted.

For pelvic floor myalgia, 1 class-I study and 3 class-II to -III stud-
ies have indicated efficacy of BoTN/A. In the only double-blind,
randomized controlled trial, significant reduction in pelvic floor

pressures with significant pain reduction for some types of pelvic
pain were reported compared with baseline. No differences in pain
occurred compared with the control group who had physical ther-
apy as an intervention. Physical therapy should be used as first-line
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reatment and then adjunctively with BoTN/A injections for those
ho remain refractory to treatment (Rao and Abbott, 2009).

2. Botulinum toxin for the treatment of headache

2.1. Introduction

In 1988 the International Headache Society (IHS) established the
rst Classification and Diagnostic Criteria for Headache Disorders, Cra-
ial Neuralgias and Facial Pain (Headache Classification Committee,
988). The IHS classification system allowed headache researchers
nd clinicians to define headache disorders using concordant crite-
ia and terminology (Evans and Olesen, 2003)

In 2004, after years of scrutiny, the Classification Committee of
he IHS published the second edition of International Classification
f Headache Disorders (ICHD-II) which divides headaches into pri-
ary and secondary disorders (Headache Classification Committee,

004). Primary headache disorders are defined as those which
ccur as the result of a primary neurological process, whereas sec-
ndary headaches are attributed to an identifiable underlying cause
r condition of the nervous system. Primary headache disorders
nclude migraine, tension-type headaches and cluster headaches,
mong others. The 2004 ICHD II also cites craniocervical dysto-
ia (CD) as an accepted cause of headache (Headache Classification
ommittee, 2004).

Migraine is the most common headache disorder that requires
hysician treatment. Migraine affects an estimated 28 million peo-
le in the United States (US) (Lipton et al., 2001). Approximately,
8% of women and 6% of men  experience migraine in the US (4). It

s more prevalent in primary care settings than diabetes, hyper-
ension and asthma (Lipton et al., 2001). The economic impact
f migraine is enormous, with over 112 million missed worked
ays per year, an estimated cost to American employers of 8 bil-

ion dollars per year, and with over one billion healthcare dollars
pent annually (Unger et al., 2003; Hu et al., 1999). When migraine-
elated work absence is combined with reduced productivity, the
ost to US employers is estimated at more than 13 billion dollars
nnually (Hu et al., 1999).

Migraine is defined as a headache with at least moderate inten-
ity that is frequently unilateral, throbbing or exacerbated by
hysical activity and usually accompanied by nausea, photophobia
nd phonophobia. Tension-type headache (TTH) is characterized as

 band-like tightness without migraine-associated symptoms. In
994, a revision of the established IHS criteria was proposed using
he eponym “chronic daily headache” (CDH) to describe a condition
hat occurs more than 15 days/month with an average untreated
uration of >4 h/day (Silberstein et al., 1994).

2.2. BTX for primary headache disorders

Two BoNT/A formulations (BOTOX® and Dysport®) and one
oNT/B formulation (Myobloc®) are approved for clinical use. Anec-
otal reports suggest that Myobloc® can be effective therapy in
ases of craniofacial pain; however, no clinical trials have been
ublished.

The potential for BoNT as a treatment for tension-type and
igraine-type headaches was discovered by Binder somewhat

erendipitously in the early 1970s when he was conducting clinical
rials to determine the efficacy of BoNT/A as a treatment for hyper-
unctional lines of the face. A retrospective review of headache
atients who were receiving BoNT/A injections for neurology,

tolaryngology, or cosmetic indications also reported reduced
eadache frequency (Binder et al., 1998b).  A prospective, non-
andomized, open label study of 106 patients was  designed by
inder et al. (2000) to determine a relationship between BOTOX®
gy 306 (2013) 124– 146 137

treatment and the reduction of headache. The patient cohort was
drawn from patients seeking treatment for hyperfunctional facial
lines or dystonia who were experiencing concomitant headache.
Seventy-seven patients satisfied IHS criteria for migraine. Follow-
ing treatment with BOTOX®, 51% of 77 patients with migraine
had complete resolution of symptoms for a mean duration of 4.1
months, and 38% reported partial improvement for a mean duration
of 2.7 months (Binder et al., 2000). A retrospective review pub-
lished in 2000 by Mauskop and Basedo (2000) suggested that BTX-A
was potentially efficacious therapy for migbraine prophylaxis with
reduced headache frequency and severity following injections
placed in pericranial regions. Eross and Dodick (2002) also demon-
strated reduced disability caused by migraine, as measured by the
MIDAS questionnaire. Subjects with EM appeared to experience the
greatest benefit when compared to subjects with CM (Eross and
Dodick, 2002). Troost (2002) used a standardized or “fixed-site”
protocol and multiple treatments in a prospective, open-label study
of 134 intractable headache patients, who  received 30–100 Units of
BOTOX®, and were observed over 8 months. Improvements in clin-
ical and patient reports, including overall decreased headache pain,
were demonstrated without disclosure of any serious AEs (Troost,
2002).

Other retrospective reviews found support for a beneficial
role using BOTOX® as a prophylactic treatment for EM and CM
(Blumenfeld, 2002; Mauskop, 2002a,b; Mathew et al., 2002; Miller
and Denny, 2002). However, these studies were limited by faulty
methodology, low numbers of study patients, poorly defined end
points, and heterogeneous patient populations, often including
other IHS described types of CDH (Dodick et al., 2004).

12.2.1. Migraine headaches
A double-blind, placebo (PBO)-controlled clinical study of 123

patients with a history of 2–8 moderate to severe EM headaches
per month were randomly divided into groups that received a
single injection of either 25 Units or 75 Units of BOTOX® or the
vehicle-PBO (Silberstein et al., 2000). Injection sites were standard-
ized and located in the bilateral frontalis, glabellar and temporalis
muscles. Patients kept daily diaries recording migraine frequency,
severity and occurrence of migraine-associated symptoms. In the
second study month, the 25 Unit BOTOX® group showed signifi-
cant reductions in EM frequency and severity, acute medication-use
and associated vomiting symptoms when compared to the PBO
group. Additional improvements were observed in EM frequency
in both treatment groups when these parameters were measured
at 3 months. Although the 25 Unit group seemed to derive a
greater degree of benefit, the 75 Unit BOTOX® group showed signif-
icant improvement in Global Assessment scores at month 2 when
compared to PBO. Treatment-related AEs included blepharoptosis,
diplopia and injection site weakness. These AEs were all transient
and may have been initially and primarily related to injector inex-
perience and technique, which reportedly improved (Silberstein
et al., 2000).

A randomized, PBO-controlled trial published in 2002 evaluated
the efficacy and tolerability of BOTOX® as prophylactic treatment
for EM (Barrientos and Chana, 2002). Thirty patients who  reported
2–8 migraine-type headaches per month were randomly assigned
to receive PBO or 50 Units of BOTOX® into 6 regions containing
15 fixed muscle sites: the temporalis, frontalis, trapezius and sple-
nius regions each received 10 Units, the glabellar—8 Units; and
procerus—2 Units. No additional prophylactic medications were
permitted during the study. Patients were assessed by general neu-
rologic examinations and a migraine survey at baseline, 30, 60

and 90 days after treatment (Barrientos and Chana, 2002) Over-
all, BOTOX®-treated patients experienced significant reductions in
the frequency and duration of EM attacks associated with nausea
at all assessment points and reduced duration of migraine attacks
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ithout nausea at 90 days. The use of acute migraine medica-
ion therapies (e.g., NSAIDs, triptans) was also reduced throughout
he study. Global Assessments by both patients and investigators
howed markedly concordant improvements in the majority of the
OTOX®-treated patients. Injections were well tolerated with only
ne reported minor AE due to a cosmetic asymmetry (Barrientos
nd Chana, 2002).

However, evidence of benefit was not as clearly demonstrated in
hree recently reported double blind, randomized, PBO-controlled
tudies. Relja et al. (2005) randomized patients with EM occur-
ing between 3 and 15 days per month after a single-blind 30-day
BO run-in. Patients were randomized within PBO responder or
onresponder strata into PBO and 3 BOTOX® treatment groups
f 225 Units, 150 Units or 75 Units. A fixed-site, fixed-dose injec-
ion methodology was employed for 3 treatment sessions at
0-day intervals. The primary efficacy measure was a mean change
rom baseline and EM frequency between day 150 and day 180
n the PBO nonresponder strata. Four hundred and ninety-five
atients (322 PBO nonresponders) were randomized into 1 of
he 3 BOTOX® treatment groups or PBO. All PBO and BOTOX®

reated groups showed substantial reductions in EM frequency;
owever, no statistically significant differences were seen among
reatment groups. Results may  have been confounded by study
articipants’ over usage of acute rescue and abortive medica-
ions.

Saper et al. (2005) performed a randomized, double-blind, PBO-
ontrolled study of 232 patients who reported 4–8 moderate to
evere EM headaches per month. Patients were randomized into
BO or 1 of 4 BoNT/A treatment groups. Three BoNT/A groups
onsisted of patients receiving a single injection in the frontal,
emporal or glabellar regions; a fourth group received therapeu-
ic injections into all 3 areas. For 3 months following a single
njection session, patients recorded pertinent evaluation vari-
bles and periodically completed quality of life questionnaires.
ll BoNT/A groups and the PBO group produced a comparable
eduction in frequency of EM from baseline, but there was no
ignificant between-group differences observed for any of the mul-
iple efficacy measures for EM treatment. Again, study results

ay  have been confounded by excessive patient-use of concomi-
ant prophylactic and acute headache medications (Saper et al.,
005).

In a third randomized, PBO-controlled study by Elkind et al.
2005), patients with 4–8 moderate to severe EMs  per month were
andomized into PBO or into one of 3 BOTOX® treatment groups
eceiving 7.5 Units, 25 Units, or 50 Units. Injections were placed into
redetermined fixed sites in the frontal, glabellar and temporal
uscles. Patients were subjected to 3 injection cycles, 4 months

part. Patients receiving PBO or 7.5 Units were then randomized
nto a second study to receive a masked higher dose of 25 Units
r 50 Units. Patients in the initial 25 Units and 50 Units groups
eceived 2 masked treatment sessions of their previously assigned
ose. Patients completing the second study arm were next random-

zed into another 3 treatment groups: BOTOX® 25 Units, BOTOX®

0 Units, or PBO. In the first randomized study-arm, all groups
howed a comparable reduction in frequency of EM at all time
oints; however, the BOTOX® groups demonstrated statistically
ignificant improvement over the PBO group for Global Assess-
ent at 4 months. Improvements in all groups observed in the first

tudy were sustained through both the second and third arms of the
tudy. Therefore, this study failed to show a significant reduction
n frequency of migraine compared to PBO, which the investigators
etermined was the primary reason for prescribing a prophylactic

igraine therapy. Again, results may  have been affected by exces-

ive patient-use of prophylactic and acute headache medications
Elkind et al., 2005).
gy 306 (2013) 124– 146

12.2.2. Technical considerations and injection strategies
BoNT is an appropriate consideration for treatment of refrac-

tory headache, especially CDH, and when standard pharmacology
is ineffective or fraught by adverse side effects. The transformation
of EM and TTH to CDH may  result from peripheral and central sen-
sitization involving vascular and muscular tissues innervated by
trigeminal and pericranial (including upper cervical) nerves. Also,
BoNT prophylaxis is an enticing alternative to many standard pre-
ventive medications which interfere with alertness or cognitive
efficiency in people who provide complex intellectual services or
operate industrial equipment, including aircraft or other vehicular
machinery. Therapeutic benefits may  occur due to elimination of
localized myalgia, muscular triggers, or painful muscle tension that
accompany a headache, however, theorized BoNT CNS antinocicep-
tive effects may  prove to be more salient (Wheeler, 2000).

Clinical practice and research have led to two  basic BoNT
injection paradigms for headache. The “fixed-site” method targets
standard craniofacial and cervical sites with a range of pre-
determined BoNT doses (Blumenfeld et al., 2003). This method is
frequently implemented for treatment of EM,  and bilateral appli-
cation is apropos, even when migraine is exclusively unilateral.
Symmetrical placement of neurotoxin improves the likelihood of
a favorable cosmetic outcome. The “follow the pain” approach is
often utilized for treatment of CTTH, but can be applied for EM
and CM by distributing injections into areas that demonstrate ten-
derness or describe the headache location (Blumenfeld et al., 2003)
Frequently, craniofacial, pericranial and cervical musculotendinous
sites that act as migraine triggers or as pain generators during the
headache are targeted by the authors. Palpation of these actively
involved muscles may  reveal spasm and tenderness. Some clini-
cians advocate subdermal injections or toxin placement adjacent
to emerging branches of the trigeminal nerve, e.g., supraorbital and
supratrochlear nerves.

After written informed consent, injection sites and dosing are
pre-planned so that the procedure is performed efficiently. Some-
times, a patient may  blame BoNT therapy for a preexisting cosmetic
flaw; therefore, preinjection photographs are advisable. By avoid-
ing needle contact with the periosteum, using small volumes of
concentrated injectate (1 cm3 preservative-free normal saline per
100 Units of BOTOX®) and using a 30-gauge 1/2 to 1′′-inch needle
coupled with deliberate rapid injection techniques, topical anes-
thesia is usually unnecessary. In heavily muscled or obese patients
a longer needle, up to 1 1/4-inch, may  be required to reach symp-
tomatic muscles in the cervical-thoracic paraspinal and trapezius
regions (Wheeler, 2000). Some injectors advocate a higher dilution
of BOTOX®100 u into 2–4 cm3 of vehicle (Blumenfeld et al., 2003).

Most advocate precise placement of injections into pertinent
sites with minimal unwanted diffusion. Areas to avoid include the
inferior-lateral frontalis where weakness may  cause brow pto-
sis. Injections into the middle and lower face must be carefully
placed and dosed to avoid asymmetry of the mouth or dyspha-
gia. Unwanted diffusion of the neurotoxin behind the orbit causing
diplopia or eyelid ptosis is best avoided by performing periorbital
injections with the patient sitting, so that the head and neck are
vertical.

Following some craniofacial and periorbital injections, patients
are less likely to experience ocular side effects if instructed to
remain in a vertical posture and to avoid touching or manipulating
the injected areas for as long as 3 h. Increased headache pain with
muscle spasm at the injection sites can occur in as many as 20% of
patients and is maximal during the 2–10 days following treatment.
This adverse side effect is often alleviated by manual physiotherapy

and/or safely-placed injections of a local anesthetic agent.

The desired degree of paresis induced by chemodenervation
is determined by the muscle’s role in headache production and
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ts function. Most people can compensate for dense paresis of
he emotive glabellar and frontalis muscles by the facility of the
yes to express feelings. Conversely, the temporalis and masseter
uscles work synergistically to perform mouth closure necessary

or mastication. The degree of weakness desired in these mus-
les is determined by the extent that they influence facial pain or
eadache. Therefore, BoNT dosages must be calculated to maintain
asticatory function with sufficient therapeutic dosing to reduce

ain (Wheeler, 2000).
Furthermore, dosing for pain relief should produce or preserve

 balance of strength between the temporalis muscle and its syner-
istic partner, the masseter (Wheeler, 2000). EMG  needle guidance
o assure correct needle placement into the masseter is useful, but
sually unnecessary. The needle is guided into the body of the
uscle, specifically into symptomatic spasm or trigger points, by

rasping the painful muscle between the thumb externally to the
eedle insertion site on the skin and then placing the second and
hird fingers intraorally.

Needle depth and placement into the target area is monitored,
nd any penetration of the needle intraorally should be readily
iscovered. BoNT should never be injected until the needle has
eached the intended target site and the operator is confident that
lacement is correct. If the needle enters the oral cavity BTX injec-
ion should be aborted. The needle must be withdrawn and placed
hrough a new site, with EMG  guidance if necessary, into a site
hat will not allow BTX diffusion through a prior mucosal puncture
ite. A safer approach would entail delaying the procedure for 6–8
eeks, if the patient did not experience any adverse effects, such as
oarseness or dysphagia. BoNT injection into the oral cavity, espe-
ially if swallowed, may  cause a serious, potentially lethal, paresis
f pharyngeal musculature (Wheeler, 2000).

The upper cervical and occipital muscles, especially the occipi-
alis, splenius capitis and cervical paraspinal muscles, may  cause
eadache and trigger migraine. Often, these muscles contribute
o pain and headache by irritation of the adjacent greater occip-
tal nerve, causing concomitant neuropathic pain or symptoms
f neuralgia. Frequently, the trapezius or symptomatic paratho-
acic muscles can trigger headache. Injections into this region may
nduce unwanted weakness of the supraspinatus and infraspinatus

uscles, which form part of the rotator cuff, causing the humeral
ead to rise. Injection of trapezius and levator scapulae muscles
ay  cause the acromion to shift anteriorly and sag inferiorly. This

an result in a painful shoulder impingement syndrome, which
sually manifests 7–10 days following BTX treatment.

Onset of a BoNT/A clinical effect usually occurs at 7–10 days
nd plateaus at 3 weeks. The neuromuscular blocking action of
oNT/A lasts 3–4 months; however, the duration of reduced pain
an be substantially longer, and a mitigation effect more spe-
ific for migraine may  continue to develop beyond 2–3 months
fter the injection session. Headache improvement can be iden-
ified through the use of a diary and other self-reporting measures.
ther salient measures include reduction of oral prophylactic med-

cations, improved response from abortive therapies, as well as
educed frequency, intensity and severity of headache symptoms.

However, to conduct a large multicenter study, rules that gov-
rned injection technique and dosing were necessary to adopt to
ive the study a reasonable opportunity of using successful injec-
ors, thereby providing the best chance for a successful outcome.
atients were recruited if they satisfied the definition of chronic
igraine.
After written consent, injection sites and dosing are preplanned

o that the procedure is performed efficiently. Sometimes, a patient

ay  blame BoNT therapy for a preexisting cosmetic flaw; therefore,

reinjection photographs are advisable. By avoiding needle contact
ith the periosteum, using small volumes of concentrated injec-

ate (1–2 cm3 of preservative-free normal saline per 100 Units) and
gy 306 (2013) 124– 146 139

using a 30-gauge, 0.5–1 inch needle coupled with deliberate rapid
injection techniques, topical anesthesia is usually unnecessary.

In heavily muscled or obese patients, a longer needle, as long
as 1.5 inch, may  be required to reach symptomatic muscles in the
cervical-thoracic paraspinal and trapezius regions (Wheeler, 2000).
Some injectors advocate a higher dilution of BOTOX® 100 Units into
2–4 cm3 of vehicle (Blumenfeld et al., 2003).

Therapeutic BoNT dosages and injection techniques vary
between individuals and between clinician disorders that affect the
same muscle groups, as exemplified by hemifacial spasm, dysto-
nia, and cosmetically undersireable hyperkinetic facial lines. The
number of injection sites and total BoNT dosages vary among cli-
nicians, but should be individualized for each patient. Factors that
may  affect dosing include injection methodology, headache type of
severity, treatment of adjacent or regional areas of involvement and
the subject body’s habitus. Many characteristic injection sites con-
tact small, nodular, tender TrPs in distribution patterns similar to
those described by Simons and Travell (1983).  Standardized criteria
for BOTOX® treatment of all primary and secondary headache dis-
orders have been published, but are not yet established (Wheeler,
2000; Blumenfeld et al., 2003). Typical injection sites are demon-
strated in Fig. 3, and suggested dosing ranges for BOTOX® are
outlined in Table 5. These dosing ranges are based on the exten-
sive medical literature that has been noted in this specific treatise,
and is suggested, not proven nor advocated by the FDA. However,
not all health insurers will approve nor can all patients afford the
FDA recommended dosing of 155 Units.

12.3. FDA-approved treatment paradigm for chronic migraine

Allergan needed to adapt a uniform injection paradigm for
chronic migraine treatment among >125 centers to recruit a
satisfactory number of participants and achieve safety and effi-
cacy measures that were statistically significant for FDA-approval
(Aurora et al., 2010). Allergan mandates this same protocol for
clinical use by physicians now, regardless of headache location
or despite involvement of regional craniofacial or cervical tissues.
Workshops and extensive educational materials are used to enforce
precise, standardized methods for reconstitution of BOTOX® and
structured injection techniques. Allergan advocates 100 Units of
BOTOX® diluted in 2 cm3 of preservative-free normal saline, which
results in a concentration of 5 Units/per 0.1 mL [207].

Reconstitution is performed using a vial of BOTOX®, which must
remain upright. A 21-gauge, 2-inch needle is attached to a 5 mm
syringe. Dilution of 100 unit vial of BOTOX® is accomplished using
2 mL  of preservative-free 0.9% sodium chloride (saline); therefore,
a 200-Unit vial is diluted with 4 mL  of preservative-free saline. Each
vial contains a vacuum, which should pull the saline into the vial.
Do not use a BOTOX® vial if the vacuum is absent or reduced and
does not pull all the saline freely from the syringe. Leave the recon-
stitution needle and syringe in the bottle while gently rotating the
vial to mix  the BOTOX® and saline (© Allergan Inc.)

Next, hold the hub of the needle and remove the reconstitu-
tion syringe and replace it with a 1-mL injection syringe. Do not
invert the BOTOX® vial while withdrawing the solution into the
1-mL injection syringe. Withdraw 1 mL  of the reconstituted solu-
tion into the 1-mL injection syringe. Disconnect the first 1-mL
injection syringe from the hub of the needle and then attach a ster-
ile 30-gauge 0.5-inch needle to the syringe for injection. Repeat
the BOTOX® withdrawal procedure with 3 additional 1-mL injec-
tion syringes and then attach 30-gauge, 0.5-inch needles per the

Allergan, FDA-approved protocol. An off-label suggestion by the
author is to consider attachment of 30-gauge, 1-inch needles to 2
of the syringes for use with the cervical and trapezius injections (©
Allergan Inc.).
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Fig. 3. BOTOX® injection protocol for ch

This BOTOX® protocol uses a fixed-site, fixed-dose injection
aradigm. Prior to injection the skin over the intended and tar-
eted injection site should be cleaned with an alcohol swab. Each
njection consists of 0.1 mL  of reconstituted BOTOX® (5 Units). This
njection protocol is characterized by fixed injection doses into spe-

ific muscle sites (e.g., a fixed number and location of all injection
ites with a fixed total dose of BOTOX®) (Table 5). Hold the needle
ub with one hand so that it can be angled appropriately away from

able 5
uidelines for headache treatment: botox dosing of specific muscles.

Common injection sites Botox dose (U) Bo

Muscle Abbreviation Per site Pe

Fixed site method. Characteristic injection sites.
Procerus P 2.5 

Corrugator supercilii
Medial Mcs 2.5 

Lateral Lcs 2.5 

Frontalis f1, f2 2 

Temporalis t1, t2 2.5 

Occipitalis O 10 

Follow the pain method. Common injection sites.
Splenius capitis c2 5–7.5 

Cervical paraspinal c1 5–7.5 

Masseter M 10–50 

Trapezius z1, z2 5–10 

ote: Regular text denotes characteristic “fixed-site” method dosages and injection sites.
migraine patients: dosing by muscle(S).

any danger and to avoid the periosteum. The bevel of the needle
and the numbers on the syringe that delineate measurements on
the syringe contents should face upward. The second hand controls
the plunger.

The first recommended injection sites are the corrugators (A

in Fig. 3a). The corrugator muscle injection site (MIS) is located
approximately 1 fingerbreadth (approximately 1.5 cm) above the
superior edge of the medial orbital ridge. Inject with the beveled

tox dose (U) Number of injection

r muscle (each side) Sites per side

2.5–10 1–2 (midline vertical or horizontal relationship)

2.5 1
2.5 1

20 2–6
30 4–6
20 1–2

5–15 1–2
5–15 1–2

10–50 1–2
15–50 3–4

 Italic text denotes “follow-the-pain” location choices, doses, and number of sites.
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eedle pointing upward at a 45◦ angle away from the medial aspect
f the muscle to avoid ptosis of the eyelid. The Allergan protocol also
uggests starting on the left and moving to the right. First the left
hen the right corrugator MIS  are each dosed with 0.1 mL  or 5 Units
f BOTOX® (A in Fig. 3a).

Corrugator, procerus, frontalis, and temporalis muscles are all
njected (by order of protocol) with the patient supine. Each des-
gnated muscle site is injected with 0.1 mL  of BOTOX® solution.
he procerus is located midline on the forehead approximately

 fingerbreadth above and midline to the medial superior aspect
f the orbital ridge of each eye. The injection site for this
uscle should appear approximately midway between both cor-

ugator injection sites. A single straight line should connect
ll 3 of the injection sites. The injection technique is repeated
ith a beveled needle upward and the needle pointing approxi-
ately 45◦ upward and away from the pain-sensitive periosteum.

he procerus is injected with 1 mL  (B in Fig. 3a) (© Allergan
nc.).

Next, with the patient remaining supine, a line is drawn upward
n the forehead from the medial edge of the orbital ridge about 1
ngerbreadth above each corrugator MIS. These are marked and
dditional sites are parallel, approximately 1 fingerbreadth lateral
o the first 2 frontalis MIS. Each site is injected, first on the left and
hen on the right. Each of the 4 MIS  receives 0.1 mL  or 5 Units of
OTOX® solution (C in Fig. 3a) (© Allergan Inc.).

Next the temporalis muscles are dosed with 4 injections of
.1 mL  each bilaterally. The patient is asked to clinch his or her
eeth, whereby the examiner is able to palpate the anterior aspect
f the temporalis muscle. The first injection is performed about

 fingerbreadths beyond this point and beneath the hairline. The
econd injection is performed 0.5 cm superior and approximately 1
ngerbreadth posterior to the first injection into the medial aspect
f the muscle. Injection 3 should be parallel and 1.5 cm posterior
o the second injection. Injection 4 should be approximately 1.5 cm
elow and perpendicular to the second injection into the medial
spect of the muscle (D in Fig. 3b) (© Allergan Inc.).

Next, the patient is moved to a sitting posture. Occipital injection
ites are identified by palpating the external occipital protuberance.
he examiner continues palpation superior to the supranuchal
idge on either side of the occipital protuberance. Beginning with
he left occipitalis muscle, the first injection is placed just above
he occipital protuberance along the supranuchal ridge, and 1 cm
eftward of the external occipital protuberance. The second injec-
ion is 1 cm lateral and 1 cm above the first injection site. The third
njection is 1 cm medial and superior to the first injection site (E in
ig. 3c).

Next, the cervical paraspinal muscle injections are performed.
he first injection into the cervical paraspinal muscles is placed
bout 1 cm to the left of the midline and 3–5 cm inferior to the
ccipital protuberance. The second injection site is 1 cm superior
iagonally toward the ear from the first injection. The same injec-
ion sites are measured as mirror images on the right, leading to a
otal of 4, each receiving 0.1 mL  or 5 Units (F in Fig. 3d) (© Allergan
nc.).

The trapezius muscle is a triangular shaped superficial muscle
hat spans from the neck to the shoulder. Visualize a proportion of
he muscle from the neck to the shoulder into 3 sections per side.
njections are placed into the middle of each of these sections. The
rotocol recommends that the injector begin by treating the left
rapezius muscle. Each of the 3 sites on the left and then on the
ight (totaling 6) receives 0.1 mL  or 5 U of BOTOX® solution (G in
ig. 3d).
Following the procedure the patient is asked to remain vertical
or 2–3 h and not to rub the injected areas in any vigorous manner.
he patient may  return to their normal activities on the following
ay (© Allergan Inc.).
gy 306 (2013) 124– 146 141

12.4. Summary

Considerations for the Clinical Use of Botulinum Toxins

• Currently, only BOTOX® is FDA-approved for the treatment of
chronic migraine.

• Significant side effects are uncommon. Pain, muscle weakness,
and flu-like symptoms have been reported (Baizabal-Carvallo
et al., 2011). Spread of toxin has been noted with weakness,
sometimes involving muscles that were not directly injected.
Autonomic side effects appear to be more commonly seen with
type B toxin.

• Contraindications to treatment with BoNT include pregnancy
(category C), the concurrent use of aminoglycoside antibiotics,
myasthenia gravis, Eaton-Lambert syndrome, or known sensitiv-
ity to the toxins.

• Treating more frequently than the recommended interval of 12
weeks may  lead to the development of antibodies to the toxin,
which may  also be associated with the development of clinical
resistance.

• There is no valid way to reliably and consistently convert doses
of type A toxin to doses of type B toxin are available at present.

• The use of BoNT for pain management is part of a comprehensive
treatment program that has been developed based on an accurate
diagnosis.

• Be aware of current storage and handling recommendations for
each of the toxins.

• Whenever possible, use an injection technique, including needle
size, that is the least likely to cause additional pain.

• Guidance techniques such as EMG, CT, or fluoroscopy should be
used at the discretion of the injector.

• Prolonged observation following the injections is generally not
warranted.

• Follow-up should be arranged for 4–6 weeks following the injec-
tions.

• More than one series of injections may  be required to achieve
maximal analgesic response.

13. Conclusion

Botulinum toxin therapy has had a dramatic impact on clinical
practice as it has provided a new and powerful tool for thera-
peutic and medical management. It has raised both scientific and
public awareness about dystonia, other skeletal and smooth mus-
cle contraction disorders, or painful conditions and hypersecretory
glandular disorders. This therapy has brought together multiple
disciplines to address and rethink human neurophysiology, and
has stretched our basic thinking about the pathophysiology of dis-
ease.

Botulinum toxin therapy provides a key example of the value
of translational research, which relies on the iterative interplay
between clinical observation and laboratory discovery. There are
clinical conditions effectively treated with botulinum toxin ther-
apy type A, in which we do not fully understand the mechanism
of therapeutic action on disease manifestations. Basic scientific
investigation has the potential to illuminate these mysteries,
which will allow us to address therapeutic issues more pre-
cisely.

Botulinum toxin therapy has joined the ranks of innovative
drugs that have changed the nature of human suffering across

multiple disciplines (Barrientos and Chana, 2002). When used
responsibly, botulinum toxin therapy can provide physicians with
a therapeutic tool that provides patients with symptomatic relief
for long periods, and has a positive impact on their quality of life.
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