
INTRODUCTION

Botulinum neurotoxins (BoNTs) are highly poisonous sub-
stances that can be efficaciously used as medications to treat 
movement disorders. Accidental poisoning leads to botulism, a 
potentially deadly disease commonly caused by ingestion of con-
taminated food. The active BoNT (150 kDa) occurs naturally 
as part of a high-molecular-weight complex containing the neu-
rotoxin moiety and a set of complexing proteins of clostridial 
origin (1). Complexing proteins, which protect BoNT avoiding 
destruction in the hostile environment of the gastrointestinal 
tract, are constituted by hemagglutinin and nontoxin non- 
hemagglutinin proteins that spontaneously associate with the 
neurotoxin moiety following their cosynthesis by the bacteria. 
They help stabilize and protect the neurotoxin moiety from 
changes in temperature, low pH, and enzymatic degradation (2).

The 150-kDa BoNT is initially inactive; to become activated, it 
must be nicked (i.e., cleaved by a protease), which produces two 
polypeptide fragments: a ≈ 100-kDa heavy chain and a 50-kDa 
light chain that remain tethered together by a disulfide bond. 
Commercially available type A BoNT (BoNT/A) is approxi-
mately 95% nicked (and therefore activated) by an endogenous 
bacterial protease before it is released from the clostridium. By 
contrast, type B BoNT (BoNT/B) is endogenously nicked to a 
much lower level, so this toxin must be exposed to proteases 
during the manufacturing process, which still leaves approxi-
mately 25% to 30% of inactive BoNT/B product in the vial (3). 
The manufacturing process also includes partial or complete 
purification of BoNT from complexing proteins.

BoNTs are sequence-specific endopeptidases, which are in-
ternalized by nerve endings and inhibit neurotransmitter release 
by cleaving SNARE proteins (4) (Fig. 46.1). Muscle weakness is 
produced by action of BoNTs at the neuromuscular junction 
where release of acetylcholine is inhibited; additional clinical 
signs observed in botulism depend upon action of BoNTs on 
autonomic and sensory neurons. There are seven BoNT sero-
types, named from A to G; BoNT/A is the most diffuse in medi-
cal practice because of its long duration of action (5).

BoNT/A has been introduced in clinical practice in 1980 by 
Alan Scott following a suggestions by Edward J. Schantz, who 
provided him with “crystalline” BoNT/A. The lot first used in 
the clinic to treat ocular misalignment (lot 79-11) was then 
marketed in the United States of America as Botox®. At about 
the same time, the UK Centre for Applied Microbiology and 
Research in Porton Down made available for compassionate 
clinical use in Europe a BoNT lot developed in that laboratory, 
which was later marketed as Dysport®. The original Botox® lot 
was replaced in 1999 by a new one containing less-complexing 
proteins. BoNT/B was later developed and marketed as Myo-
bloc®/Neurobloc®, and finally, a third BoNT/A product 
containing virtually no complexing proteins was developed in 
Germany and marketed as Xeomin®. Other BoNT/A prod-
ucts have recently become available, including Neuronox® 
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(Medytox, South Korea) and CBTX-A (Lanzhou Biological 
Products Institute, China).

BoNT has proven to be a very flexible tool for the treatment 
of movement disorders and other medical conditions, with 
more than 50 proposed indications. With the exception of anal 
fissure, BoNT does not provide a cure, rather a symptomatic 
remedy through topical chemodenervation. By reducing the re-
lease of neurotransmitters in the injected area, BoNTs reduce 
the activity of striated or smooth muscles, the secretory func-
tion of glands, and possibly the release of sensory transmitters. 
BoNTs produce a chemical denervation that is topical, revers-
ible, and dose-dependent. BoNT clinics are run by experienced 
doctors who suitably blend sapient artisan skills with anatomical 
knowledge.

BOTULINUM NEUROTOXINS

SITES OF ACTION OF BONTS

There are three steps involved in BoNT-mediated paralysis: in-
ternalization, disulfide reduction and translocation, and inhibi-
tion of neurotransmitter release (see Fig. 46.1). BoNTs bind to 
the presynaptic nerve ending and enter by receptor-mediated 
selective and saturable endocytosis.

Following injection into a striated muscle, BoNT produces 
a chemical denervation of neuromuscular junctions, resulting 
in weakness and atrophy of the injected muscle. Targeting the 
endplate motor zone can increase the efficacy of intramuscular 
BoNT injections (6). BoNT acts both on intrafusal and extra-
fusal nerve endings. Following BoNT denervation of γ-motor 
neurons, muscle spindle activity is decreased and the inflow 
directed to the spinal α-motor neurons is reduced (7). Since 
muscle activity is supported by afferent feedback, there may be 
a reduced α-motor neuron drive. Nerve terminals containing 
active BoNT do not degenerate; neurotransmitter release is 
blocked by irreversible inactivation of SNARE proteins to re-
start again when BoNT is degraded by proteolysis, and new syn-
thesis of SNARE protein occurs. Muscle denervation promotes 
a compensatory sprouting of nerve terminals, leading to the 
formation of new synaptic contacts. This usually takes from 2 to 
3 months and becomes a relevant phenomenon when repeated 
BoNT injections are performed in the same site.

The limiting factor for the action of BoNTs is receptor-
mediated endocytosis, with at least three different groups of 
presynaptic BoNT receptors, each with different serotype speci-
ficity, described at nerve terminals. Their exact distribution on 
different presynaptic terminals is still not perfectly known (8). 
In addition to motor neurons, BoNTs are taken up also by au-
tonomic nerve endings, thereby blocking parasympathetic and 
postganglionic sympathetic cholinergic nerve synapses. This al-
lows using BoNT to treat overactive smooth muscles (e.g., in the 
case of anal fissure or of esophageal achalasia) and secretory 
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Figure 46.1.  Mechanism of action of botulinum toxin. (A) Release of acetylcholine at the neuromuscular junction is mediated by the assembly 
of a synaptic fusion complex allowing the membrane of the synaptic vesicle containing acetylcholine to fuse with the neuronal cell membrane.  
The synaptic fusion complex is a set of SNARE proteins. After membrane fusion, acetylcholine is released into the synaptic cleft. (B) BoNT binds 
to the neuronal cell membrane at the nerve terminus and enters the neuron by endocytosis. The light chain of botulinum toxin cleaves specific  
sites on the SNARE proteins, preventing complete assembly of the synaptic fusion complex and thereby blocking acetylcholine release. (Modified 
from Arnon SS, et al. Botulinum toxin as a biological weapon: medical and public health management. JAMA 2001;285:1059–1070.)
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disorders (e.g., focal hyperhidrosis, gustatory sweating, and si-
alorrhea) (9). Finally, BoNT/A also acts on sensory neurons, 
inhibiting release of mediators involved in nociception (10).

COMMERCIALLY AVAILABLE NEUROTOXINS

Four BoNTs are widely available for clinical practice: three are 
serotype A and one is serotype B. These toxin brands differ for 
specific activity, packaging, constituents, excipients, and stor-
age. Their main features are summarized in Table 46.1. There  
are three type A and one type B brands: onabotulinumtoxinA  
(A/Ona, Botox®, Allergan), abobotulinumtoxinA (A/Abo,  
Dysport®, Ipsen), and incobotulinumtoxinA (A/Inco, Xeomin®, 
Merz); rimabotulinumtoxinB (B/Rima, Myobloc®, USWorldMeds; 
Neurobloc®, Eisai). A/Abo, A/Inco, A/Ona, and B/Rima are 
all licensed worldwide for cervical dystonia. In addition, the 
three BoNT/A products are approved for blepharospasm and 
focal dystonias, spasticity, hemifacial spasm, hyperhidrosis, and 
facial lines, with remarkable regional differences.

The potency of BoNTs is indicated by using proprietary units 
derived from mouse protection assays. There is currently no for-
mula to reliably convert proprietary units of one BoNT brand to 
another, which may cause difficulties when switching between 
toxin brands in patients already under treatment. A rough esti-
mate is that 1 A/Ona or A/Inco U corresponds to 3 to 5 A/Abo 
U, and to 40 to 50 B/Rima U. However, the clinical equivalence 
varies based on the indication, the injected site, and the dilu-
tion. There is evidence from preclinical and clinical study that 
A/Inco U compare to A/Ona U at a 1:1 ratio (11), whereas no 
data support an unequivocal correspondence between A/Abo 
and A/Inco. A critical review of the available evidence on the 
comparability of A/Ona and A/Abo has concluded that there 
are relevant intrinsic differences not allowing to identify a con-
sistent bioequivalence (12). These two BoNT/A products dif-
fer in potency and tendency to diffuse and their equivalence 
presumably varies according to the body part injected. Further-
more, dilution upon reconstitution, syringe size, and needle 
gauge all affect the local diffusion of BoNT when injected.

BoNT/A is the first-choice treatment for approved indica-
tions, with the most convenient trade-off between efficacy, dura-
tion of action, and tolerability. BoNT/B has a shorter duration 
of action and more side effects than BoNT/A (13,14).

PRIMARY AND SECONDARY FAILURES

BoNTs are usually employed as a treatment for chronic disor-
ders and patients usually require repeated treatments for many 
years. The term “primary failure” indicates those cases where no 
clinical efficacy is ever observed after BoNT treatment, whereas 
“secondary failure” indicates such cases in which initially effica-
cious BoNT treatments are followed by loss of clinical benefit 
after repeated treatment sessions. Inappropriate muscle selec-
tion or wrong BoNT dosing/targeting is considered to repre-
sent the most common causes of secondary nonresponse. In 
keeping with this, it has been observed that neutralizing anti-
bodies occur only in a minority of secondary nonresponding 
patients with dystonia (15). Patients may occasionally develop 
antibodies that may be neutralizing or nonneutralizing. Neu-
tralizing antibodies are primarily directed against the BoNT 
heavy chain, although neutralizing antibodies that bind to epit-
opes on all regions of BoNT have also been observed (16). Neu-
tralizing antibodies can inhibit the biologic activity of BoNT, 

possibly blocking its interaction with the neuronal receptor 
(17). By contrast, nonneutralizing antibodies are produced ei-
ther against the nontoxic complexing proteins or bind to BoNT 
without affecting its biologic activity (18). Clinical data collected 
before 1999 with the old 79-11 Botox® lot cannot be compared 
with those obtained with currently available BoNT/A products, 
which exhibit a low incidence of neutralizing antibodies.

Three clinical tests are commonly used to evaluate the ef-
ficacy of BoNT-induced chemodenervation with a high sensitiv-
ity rate, by injecting unilaterally any of the following muscles: 
the frontalis, the eyebrow corrugator, or the extensor digitorum 
brevis. In the first two cases, asymmetry of forehead wrinkling 
or glabellar furrowing is evaluated; following injection in the 
extensor digitorum brevis, instead, the pre- and postinjection 
changes in action potentials are compared with EMG. Patients 
who do not respond to one of these clinical tests are likely to 
have developed neutralizing antibodies against BoNT. The clin-
ical approach is preferred to detection of antibodies by labo-
ratory test, which is difficult to perform and does not reliably 
predict the outcome to BoNT treatment (19).

MUSCLE SELECTION AND TARGETING

Detailed clinical examination to determine the affected muscles 
is crucial, as outcome to BoNT treatment is highly dependent 
on recognition of the muscles primarily involved by dystonia 
that need to be distinguished from those involved in compen-
satory activity. Muscle selection is based on inspection, palpa-
tion, EMG recording, and ultrasound identification. Inspection 
allows to detect hypertrophy or atrophy of superficial muscles 
and to recognize which muscles are involved in postures and 
movements; palpation is used to identify size and activation of 
superficial muscles and to evoke pain in contracted muscles. 
EMG recordings show muscle activity at rest and during volun-
tary tasks; simultaneous mapping of several muscles is particu-
larly useful for recognizing their dystonic features and their 
activation/deactivation pattern. Ultrasound allows for a visual 
recognition of muscles, showing their contractile activity at rest 
or during voluntary tasks and measuring their size to quantify 
BoNT-induced atrophy.

Direct injection is normally performed around the eye, 
where BoNT is actually not targeted to superficial and very thin 
muscles, rather skillfully placed in the skin. In other territories, 
there are muscles easily reached by inspection/palpation, such 
as the sternocleidomastoid, which can be gently clamped with 
fingers for more than half its perimeter. Other muscles, particu-
larly deep ones, can be injected directly, although they are bet-
ter targeted using EMG or ultrasound. The latter technique, in 
particular, allows to directly observing outflow from the needle 
tip and diffusion from the injection site. Factors, such as dilution 
and reconstitution, needle gauge, anatomical approach, muscle 
location, and size, affect the clinical outcome. BoNT can also 
spread via the lymphatic system or even the bloodstream reach-
ing distant sites, where it may produce subclinical effects (20).

In current clinical practice, simple forms of dystonia are usu-
ally injected without guidance, although EMG-guided targeting 
has proven superior in cervical dystonia (21). For example, in 
rotational torticollis it is possible to rely on direction, hypertro-
phy, and pain to choose the combination of muscles to inject. 
In case of insufficient outcome or when deeper muscles need 
being injected, EMG- or ultrasound-based targeting is definitely 
required. Some deep muscles, such as the longus collis, should 
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(31,32). Furthermore, patients with a predominant pretarsal 
involvement may have a prevalently tonic eye closure, causing 
a difficulty in voluntarily opening the eyelids, so-called eyelid-
opening apraxia (33). EMG allows recognizing loss of the nor-
mal reciprocal inhibition between the levator palpebrae and 
the pretarsal orbicularis, associated with cocontraction.

Many patients with typical blepharospasm benefit as well 
from the injection in the orbital or in the pretarsal portions of 
the orbicularis oculi muscle, although some of them (particu-
larly those with atypical presentations, such as eyelid-opening 
apraxia) only respond to injections placed in the pretarsal part. 
A study compared the efficacy of two injection techniques, or-
bital versus combined (orbital and pretarsal) in patients with 
unsatisfactory response to BoNT. Nineteen patients with typi-
cal blepharospasm not having satisfactory outcome after orbital 
injections (primary or secondary nonresponders) had a 28% 
motor improvement and a 47% functional improvement with 
the combined injection (34). This highlights the importance 
to refine BoNT targeting in patients with insufficient outcome, 
allowing a successful outcome in virtually all blepharospasm 
patients.

Long-term data on BoNT/A have been reported by six stud-
ies (35). Efficacy of treatment is considered to remain stable 
and predictable in the long term following repeated treatment 
sessions, although the duration of benefit has been reported to 
vary, increasing or contrastingly decreasing with time. Although 
it has been suggested that secondary failure to BoNT/A may oc-
casionally develop, long-term data on repeated injections with 
BoNT/A in blepharospasm did not report any failure (30).

Cervical Dystonia

Cervical dystonia is the most common form of adult-onset focal 
dystonia, with prevalence estimates of 28 to 183 cases per mil-
lion and an approximate 2:1 female:male ratio (36). Although 
muscle involvement almost invariably extends beyond the neck 
region, cervical dystonia is conventionally considered a focal 
form. In cervical dystonia, there is a typical combination of 
dystonic movements and postures pivoting at different points 
of the cervical spine. Dystonic movements can be fast and ir-
regular in amplitude, from jerky to tremulous. Dystonic pos-
tures may occur in a wide range of combinations as the cervical 
spine has several degrees of freedom and complex muscle ar-
rangements. Recently, a “caput-collis” classification of cervical 
dystonia postures has been proposed to serve also as a tool to 
choose injection sites (37). Dystonic malposturing may affect 
only the cervical spine (collis: 20%) or only the head (caput: 
19%) or a combination (61%). The limit of such approach is 
that abnormal postures are just one component of the com-
plex phenomenology of cervical dystonia. Injection sites are 
usually chosen by a stepped and flexible approach considering 
also features different from postures (e.g., dystonic movements, 
pain, hypertrophy, atrophy). In keeping with this, it has been 
demonstrated that fixed BoNT doses and rigid muscle selection 
criteria provide less than optimal results (38).

At variance with other focal dystonias, pain is a hallmark 
feature of cervical dystonia that occurs in over two-thirds of pa-
tients (39). Pain is one of the main reasons for patients to seek 
treatment for cervical dystonia and is relieved in 90% of pa-
tients treated with BoNT/A (40). Interestingly, there is no cor-
relation between the severity of motor signs and duration (or 
intensity) of reported pain, which occurs regardless of whether 

only be injected with guidance (22,23). As a general rule, com-
plex forms of dystonia require guided inspection and targeting 
in order to deliver appropriate treatment to the deep muscles 
involved.

BONT IN MOVEMENT DISORDERS

DYSTONIA

Dystonia is a movement disorder characterized by sustained or 
intermittent muscle contractions causing abnormal, often re-
petitive, movements, postures, or both (24). This has been the 
first movement disorder treated with BoNT (25), which stands 
as the first-line treatment for most isolated dystonia syndromes, 
particularly those with focal or segmental distribution. Multifo-
cal or generalized forms can be dealt with as a collection of focal 
treatments. If dystonia is not isolated, such as when combined 
with parkinsonism, myoclonus, etc., an evaluation of treatment 
goals should be performed in advance.

Treatment with BoNT is considered the first-choice op-
tion for cranial, cervical, and laryngeal focal dystonias (26). 
Recently, an expert panel evaluated evidence at several levels, 
supporting BoNT/A or BoNT/B, including each of the com-
mercially available formulations, and made recommendations 
for therapeutic indications based upon the strength of clinical 
evidence (27). These recommendations will be reported in the 
following sections. Overall, BoNTs provide not only safe and ef-
fective symptomatic relief but also long-term benefit, favorably 
modifying the natural course of dystonia (28).

Blepharospasm

Blepharospasm is caused by dystonic contractions of the or-
bicularis oculi, often accompanied by overflow activation of  
surrounding muscles, including the procerus and the corrugator.  
The isolated form is also called “benign essential blepharo-
spasm”; when it is associated with oromandibular dystonia, it  
is called “Meige syndrome.” The excessive (intermittent or  
persistent) involuntary closure of the eyelids is usually bilateral, 
though it may sometimes be unilateral at onset, or evidently 
asymmetric. Over time, the spasms may become more frequent 
and continuous, leading to sustained eyelid closure and func-
tional blindness.

The efficacy of BoNTs in blepharospasm has been confirmed 
by more than 50 open-label studies (that have recruited over 
2,500 patients) and by few controlled studies. There are scanty 
data from controlled trials regarding optimal dosing and no 
good-quality data for BoNT/B, although it can be assumed that 
this may be as efficacious as BoNT/A. Common doses are 20 to 
40 A/Ona or A/Inco U, 75 to 175 A/Abo U, or 2,500 B/Rima 
U. The average latency from injection to onset of improvement 
varies from 3 to 5 days; a benefit lasting for 2 to 3 months has 
been observed in almost all patients (27). Side effects occur in 
less than 10% of treated patients (in 8.29% in a large retrospec-
tive series) (29). They include ptosis, blurring of vision, diplo-
pia, tearing, and local hematoma, and normally resolve within 
2 weeks (30).

Spasms may differentially affect the three concentric parts 
of the orbicularis oculi muscle, and inadequate results are 
obtained if the toxin is injected in the orbital portion in pa-
tients with a predominant involvement of the pretarsal part 
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486      Parkinson’s Disease & Movement Disorders

internus may be considered (44). A double-blind controlled 
study on the efficacy of deep brain stimulation in cervical dysto-
nia is currently underway in Germany.

Seven randomized controlled trials on cervical dystonia, 
encompassing a total of 233 patients, demonstrated beneficial 
effects (between 66% and 80% of subjective improvement) of 
repeated BoNT/A injections (45). The average total dose in-
jected was 100 to 300 A/Ona or A/Inco U, 400 to 800 A/Abo 
U, or 10,000 to 20,000 B/Rima U. Doses can vary considerably 
according to individual needs, and this is the focal dystonia 
where the highest BoNT doses are used. Most studies report 
that the latency of clinical action is on average around 1 week; 
the average duration of efficacy is traditionally reported to be 
around 12 weeks for BoNT/A, based on evidence collected 
with the original 79-11 lot that is currently no longer used (46).  

muscles sustain or oppose the dystonia or are not even involved 
in it (41).

There is ample evidence that BoNTs (either A or B type) 
exert safe and effective symptomatic relief also in the long-
term, and favorably modify the natural history of cervical 
dystonia lowering the risk of contractures and complications 
for patients (42,43). Table 46.2 provides a listing of cervical 
muscles commonly injected and indicates average BoNT doses 
for each muscle. Fig. 46.2 shows typical injection sites for the 
most commonly targeted muscles. In experienced hands, the 
adverse events associated with repeated BoNT treatments are 
minor, self-limiting, and decrease over time (35). The efficacy 
and tolerability of BoNTs for the treatment of cervical dystonia 
are supported by Class I evidence (27). In patients refractory to 
BoNT treatment, deep brain stimulation of the globus pallidus 

	 TABLE 46.2	� Muscles Commonly Affected in Cervical Dystonia, Their Function, and BoNT Doses 
Currently Used

Muscle Name Function A/Ona A/Inco (U) A/Abo (U) B/Rima (U)

Anterior Muscles

Longus collis Flexion (forward)
Mild rotation (ipsi)

15–30 20–60 N/A

Longus capitis Flexion (forward)
Rotation (ipsi)

5–15 20–60 N/A

Rectus capitis anterior Flexion (forward) 2.5–10 10–30 N/A
Sternocleidomastoid Rotation (contra)

Tilt (ipsi)
Sagittal shift (backward)
Flexion (forward)

20–50 40–120 1,000–3,000

Lateral Muscles
Anterior scalene Tilt (ipsi)

Rotation (contra)
Flexion (forward)

5–30 20–100 500–2,000

Middle scalene Tilt (ipsi)
Rotation (contra)

5–30 20–100 500–2,000

Rectus capitis lateralis Tilt (ipsi) N/A N/A N/A
Posterior scalene Tilt (ipsi)

Mild rotation (contra)
5–30 20–100 500–2,000

Posterior Muscles
Splenius capitis Rotation (ipsi)

Tilt (ipsi)
Sagittal shift (backward)
Extension (backward)

40–100 100–350 1,000–4,000

Semispinalis capitis Rotation (contra)
Tilt (ipsi)
Extension (backward)

20–100 60–250 1,000–2,000

Trapezius Shoulder elevation
Extension (backward)
Sagittal shift (backward)
Tilt (ipsi)
Rotation (assists in ipsi and contra)

25–100 60–300 1,000–4,000

Levator scapulae Shoulder and scapula elevation
Tilt (ipsi)
Rotation (contra)

20–100 60–200 1,000–2,000

Obliquus capitis inferior Rotation (ipsi) 10–20 50–80 N/A
Rectus capitis posterior Rotation (ipsi) 2.5–10 10–30 N/A

The distinction into anterior, lateral, and posterior muscles is aimed at providing a schematic distinction, as several muscles produce 
multiple movements. First-treatment doses should not exceed 200 A/Ona A/Inco U, 500 A/Abo U, or 5,000 B/Rima U. The total doses per 
session should not exceed 400 A/Ona A/Inco U, 1,000 A/Abo U, or 10,000 B/Rima U. Platysma may be involved bilaterally in antecollis. 
N/A, evidence or personal experience not available.
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factor is dysphagia, with an incidence of 10% to 40%, depend-
ing upon the study, and based on the dose administered and 
technique used (51). Expert management of injections placed 
in the sternocleidomastoid and the underlying pharyngeal and 
laryngeal muscles is required. There is no firm evidence of dif-
ferences in outcome using either BoNT/A brand, and BoNT/B 
is considered not to be less efficacious than BoNT/A in cervical 
dystonia, although duration of benefit is shorter (52). BoNT/B 
is more likely to produce dry mouth, presumably because it is 
more potent in blocking cholinergic release in postganglionic 
parasympathetic fibers to the salivary glands. BoNT/F has also 
been tested in cervical dystonia; the duration of efficacy, how-
ever, is much shorter and lasts for approximately 8 weeks (53).

A recent study attempted to clarify the reasons that lead 
patients to discontinue treatment (54). Inadequate response 
was often cited, although a significant minority of patients 
mentioned addressable barriers in accessing specialty care. 
Unrealistic expectations may also induce disappointment and, 
ultimately, treatment discontinuation. Treatment must be in-
dividualized and tailored to the specific patient’s needs. Fur-
thermore, BoNT treatment for cervical dystonia should be part 
of a comprehensive approach, including physical treatment 
and retraining techniques. Rehabilitation and biofeedback are 
beneficial addition to BoNT treatment in cervical dystonia, as 
they improve outcome and may reduce the dose needed for 
subsequent reinjections and facilitate muscle selection. Physical 
therapy alone does not provide adequate results in cervical dys-
tonia (55) and should be considered complementary to BoNT. 
Patients with cervical dystonia are slow in mental rotation of 

The observation of immunoresistance with that batch has led to 
identify a minimum 3-month recommended injection interval 
(47) that is reported in all approved labeling for BoNT prod-
ucts. It has been recently observed that a number of patients 
would prefer shorter injection intervals than 12 weeks (48), and 
recent evidence has also been gathered a flexible injection in-
tervals (≥ 6 weeks using A/Inco) provided sustained efficacy 
and were well tolerated (49). Many studies have demonstrated 
that the benefits from BoNT can be sustained for many years or 
decades, and no permanent adverse effects to BoNT have been 
reported (42).

The efficacy of BoNT treatment on pain associated to cervi-
cal dystonia has been recognized since early experiences (46) 
and repeatedly confirmed. The results of CD PROBE (Cervical 
Dystonia Patient Registry for Observation of Onabotulinumtox-
inA Efficacy), a prospective, multicenter, observational registry 
that enrolled subjects with cervical dystonia from January 12, 
2009 to August 31, 2012, at 88 sites in the United States, elu-
cidated the occurrence of pain and its impact upon work and 
treatment patterns. Most subjects reported pain at baseline that 
correlated with cervical dystonia severity and disability, includ-
ing work and employment measures (50). Subjects with moder-
ate/severe pain at baseline received a significantly higher mean 
dose and had a more muscles injected upon initial treatment. 
Thus, pain must be considered as an important factor when 
determining the doses and sites injected.

With regard to the motor phenomenology, BoNTs are more 
efficacious on the postural component than on fast dystonic 
movements. The most severe side effect and dose-limiting 

Figure 46.2.  Typical injection sites in superficial neck muscles involved in cervical dystonia. (A) Sternocleidomastoid injected into three sites 
located in the upper part of the muscle; (B) semispinalis capitis injected in two sites to cover its extension; (C) splenius capitis injected in one site; 
(D) trapezius injected in two sites along its horizontal branch; (E) levator scapulae injected in one site. Average doses are reported in Table 46.2.

A B C

D E
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488      Parkinson’s Disease & Movement Disorders

approach for doses and sites is warranted, and functional out-
come is the main goal.

In a large series, 68% of patients had a functional improve-
ment and 31.5% had adverse events, the most common of 
which were dysarthria and dysphagia (63). BoNT/A injections 
can be targeted into the masseter and temporalis muscles of 
patients with jaw-closure dystonia or in the submental muscles 
and the lateral pterygoid muscles of patients with jaw-opening 
dystonia. This treatment may markedly improve the symptoms 
of temporomandibular joint syndrome and other oral and den-
tal problems, as well as dysarthria and chewing difficulties. In 
a recent uncontrolled series, the following A/Ona doses were 
injected: external pterygoid (7.5 U), masseter (25–50 U), tem-
poralis (15–25 U), anterior digastric (5 U), platysma (5–10 U), 
medial pterygoid (20 U) (64). Tongue-protrusion dystonia can 
benefit from injections into the genioglossus muscle; however, 
apprehension persists regarding intralingual injections due to 
the risk of dysphagia (reckoned to affect 14% of treated pa-
tients (65)). Still, the advantage is considered to outweigh the 
risk when patients are treated by experienced injectors.

Upper-limb Dystonia

Upper-limb dystonia often occurs as an occupational cramp 
while writing, playing an instrument, or performing skilled 
movements with the upper limb. In such cases, BoNT-induced 
weakness may impair the fine movements needed to perform 
skilled professional tasks, a problem particularly encountered 
with musicians. The number of muscles involved by dystonia 
may be high, particularly in patients with distal involvement, as 
there are 23 muscles controlling hand movements and many 
phenomenologic varieties of hand dystonia. Several small stud-
ies have produced conflicting results. In a randomized con-
trolled study, 40 subjects affected by writer’s cramp (the most 
frequent form of focal hand dystonia) were treated with A/Abo 
using a flexible scheme, which included variable doses and a 
retreatment offered after 1 month (66). Muscles were selected 
for injection according to the pattern of movements and vis-
ible or palpable hypertonia. Upon first treatment, finger flexor 
muscles were injected with 60 A/Abo U per fascicle, finger 
extensors with 10 to 15 U per fascicle, wrist flexors with 60 to 
100 U and wrist extensors with 30 to 40 U. Fourteen patients in 
the treatment arm (70%), compared to 31.6% in the placebo 
group, reported a beneficial effect and chose to continue treat-
ment. Side effects were transient hand weakness (reported also 
in two subjects treated with placebo) and pain at the injection 
site. In the 1-year follow-up extension, about 50% of patients 
had remained under treatment with a reported positive effect.

Scanty data are available on the long-term outcome of pa-
tients with focal hand dystonia (67). In a recent follow-up of 
over 10 years, 20 patients with focal hand dystonia were treated 
with repeated injections of A/Ona (68). It was observed that 
BoNT remained effective and safe for over 10 years without seri-
ous side effects or antibody-mediated resistance. Interinjection 
intervals were variable, and the dose was increased over time. 
Musicians had a less-complex dystonia and were more likely to 
wait longer between injections.

HEMIFACIAL SPASM

Hemifacial spasm is characterized by brief or persistent invol-
untary contractions of the muscles innervated by the facial 

stimuli representing body parts, including hand, foot, and head 
(56). This abnormality may derive from a defective integration 
of body- and world-related knowledge, a process that can be 
improved by biofeedback and visuospatial retraining.

Laryngeal Dystonia

Laryngeal dystonia encompasses several clinical phenotypes 
characterized by abnormal activity of the muscles of the larynx. 
The most common subtypes are adductor or abductor spas-
modic dysphonia, whereas less common subtypes include la-
ryngeal breathing dystonia (also known as dystonic respiratory 
stridor) and singer’s dystonia (57). In adductor type spasmodic 
dysphonia, there is irregular hyperadduction of the vocal folds 
during speaking, producing a “strained-strangled” voice; in 
abductor spasmodic dysphonia, there are irregular and inap-
propriate abductor spasms during speaking, producing breathy 
breaks or whispering. These two are task-specific dystonias in 
which laryngeal spasms typically occur during speaking and 
cause intermittent voice breaks. Laryngeal dystonia must be dis-
tinguished from muscle tension dysphonia, in which there is a 
general constriction of multiple laryngeal muscles leading to a 
strained voice that does not vary with different parts of speech 
(58). Many patients with laryngeal dystonia may have features 
of muscle tension dysphonia that may constitute a behavioral 
compensation for voice weakness or instability.

Laryngeal dystonia can be treated with BoNT, whereas mus-
cle tension dysphonia can be reversed with voice therapy. Sev-
eral open studies, overall encompassing over 900 patients, have 
established the efficacy and safety of BoNT/A in the treatment 
of adductor and abductor laryngeal dystonia (59). BoNT is con-
sidered the treatment of choice despite the fact that no large 
controlled studies have been performed. Three approaches are 
currently used in the BoNT treatment of spasmodic dysphonia: 
(1) unilateral EMG-guided injection, (2) bilateral EMG-guided 
injection, and (3) injection via indirect laryngoscopy without 
EMG (60). Most investigators report a 75% to 95% improve-
ment in voice symptoms and a significant improvement in the 
quality of life, although it has been reported that treatment fail-
ures are more common in elderly patients (> 70) (61). BoNT 
doses used in spasmodic dysphonia can vary depending on the 
toxin brand and the technique. It has been suggested to start 
with 0.5 A/Ona U or 1.5 A/Abo U when injecting bilaterally; 
then, to adjust the dose as needed (the estimated average dose 
being 0.75–1 A/Ona U or 2–3 A/Abo U) (62). BoNT doses 
tend to remain stable after the second- or third-treatment ses-
sion, and so does the treatment interval, leading to a predict-
able management schedule. Adverse events include transient 
breathy hypophonia, hoarseness, and occasionally dysphagia 
with aspiration.

Oromandibular Dystonia

Oromandibular dystonia involves the masticatory, lingual, 
and pharyngeal muscles. It may have a focal to segmental in-
volvement with jaw-closing, jaw-opening, lateral jaw deviation, 
or a combination of these abnormal movements. Involuntary 
tongue and mouth movements, biting of the tongue, cheeks or 
lips, and difficulty in speaking and chewing produce social em-
barrassment and functional impairment. Long-term manage-
ment with BoNT has acceptable morbidity, although the results 
are less satisfactory than for other focal dystonias. A stepped 
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premonitory sensations after repeated injections. A study of 
BoNT on vocal tics also yielded symptomatic and quality of life 
improvement (76). The overall evidence is however insufficient 
to warrant recommendations for this indication (27).

Palatal myoclonus has also been treated with BoNT. The ex-
perience is limited to few centers. In one recent study, 2.5 A/
Ona U was placed into the tensor veli palatini muscle to treat 
tinnitus or medially in the soft palate, on either side of the 
uvula, to treat palatal movements (77).

Anecdotal reports indicate that bruxism can also be treated 
with BoNT injections. Treatment reduces the frequency of 
bruxism events, decrease bruxism-induced pain, and provides 
subjective benefit to the patients (78). The doses used vary 
between 25 and 100 A/Ona U in the masseter and temporalis 
muscles bilaterally.

SPASTICITY

Upper Motor Neuron Syndrome

Upper motor neuron (UMN) dysfunction can derive from 
inherited or acquired conditions and is characterized by a 
combination of spasticity and paralysis leading to a focal or gen-
eralized syndrome. In addition to increased tone, other com-
mon features of UMN syndrome are increased muscle stretch 
reflexes, muscle spasms and clonus, weakness (spastic paraly-
sis), and impairment of voluntary movements.

BoNT treatment is primarily aimed at treating spasticity asso-
ciated with the UMN syndrome, and significant experience has 
been collected in the acquired condition secondary to spinal 
cord or traumatic brain injury, multiple sclerosis, or stroke. The 
primary objectives of spasticity management are to reduce mus-
cle overactivity, and prevent irreversible soft-tissue changes and 
tendon contractures by maintaining muscle length and normal-
izing limb positioning. The therapeutic approach to spasticity 
requires a comprehensive and multidisciplinary judgment of 
functional goals that exceed the mere reduction of spasticity 
(79). The upper and lower limbs undergo opposite tone and 
postural changes following UMN lesion: the upper limbs ac-
quire a flexed posture and mainly loses dexterity, whereas the 
lower limbs become extended and retain a certain degree of 
support. Some degree of lower-limb spasticity is a useful support 
for standing and walking. Therefore, spasticity in the upper and 
lower limb is addressed as a distinct clinical issue. Tables 46.3 
and 46.4 list upper- and lower-limb muscles with average BoNT 
doses for each of them.

Upper-limb spasticity in UMN syndrome has been the object 
of several evaluations providing level A recommendation for  
A/Abo and A/Ona, level B recommendation for A/Inco, and 
insufficient evidence for B/Rima (80). A large recent trial has 
suggested that BoNT/A is unlikely to provide sufficient im-
provement of active upper-limb function in patients with post-
stroke spasticity, but it may improve basic upper-limb tasks, such 
as hand hygiene, facilitation of dressing, and pain (81). Fewer 
publications are available for lower-limb spasticity, which nev-
ertheless provide sufficient clinical evidence to support a level 
A recommendation for A/Ona and for BoNT/A; the clinical 
evidence for A/Abo is supported by a level C recommendation, 
and there is insufficient information to recommend A/Inco 
and B/Rima (80).

The muscle groups targeted and the doses injected depend 
on a multidisciplinary assessment focused on functional goals 

nerve that are typically unilateral and may occasionally occur 
bilaterally. It usually starts in the orbicularis oculi to gradually 
spread to other ipsilateral muscles, and frequently involves 
the frontalis muscle and the platysma. The idiopathic form is 
considered to originate in many cases from a direct contact of 
the facial nerve with an intracranial artery (e.g., the basilar ar-
tery). Microvascular decompression has been proposed as an 
etiologic treatment for such cases (69). Secondary hemifacial 
spasm may be caused by a pathologic process developing in the 
posterior fossa (e.g., neurinoma of the acoustic nerve) or as an 
aftermath of a previous peripheral facial nerve injury or Bell’s 
palsy. In such cases, spasms often coexists with mild facial weak-
ness and synkinesias.

Hemifacial spasm impacts a patient’s appearance and persists 
during sleep, which may cause insomnia. Spontaneous remis-
sions are infrequent and most patients need lifelong symptom-
atic BoNT treatment or surgical decompression. BoNT/A is the 
first-choice option, as the available evidence supports a level B 
recommendation for BoNT/A and A/Ona based on two Class II 
studies (27). There have been no studies of A/Inco, and there 
is insufficient evidence to recommend B/Rima. Treatment is 
usually started by injecting the periocular region, which may be 
sufficient to improve both the upper and the lower facial nerve 
territories. Typical starting doses are 10 to 15 A/Ona or A/Inco 
U and 60 A/Abo U with pretarsal placement. With subsequent 
treatment sessions, the doses can be increased, and the lower 
facial component may be targeted. A total dose between 20 and 
60 A/Ona or A/Inco U and 40 and 120 A/Abo U is commonly 
reached. It is not infrequent to reduce the injected doses after 
some time based on the patient’s response.

BoNT treatments need to be repeated less frequently than for 
blepharospasm (on average every 10–28 weeks). The duration of 
efficacy has been reported to increase with repeated treatments, 
more rarely to decrease or to remain unchanged. It has also been 
observed that the duration of benefit is shorter in more severe 
cases (70). BoNT treatment for hemifacial spasm is well toler-
ated. Focal weakness is the most commonly reported side effect, 
occurring in 75% to 95% of cases, particularly when injections 
are placed in the mid or lower face. Ptosis may occur following 
injections into the orbicularis oculi, with an incidence of up to 
53% of cases. In a large series, 3.73% of the patients had adverse 
events, mainly consisting in ptosis, hemifacial weakness, edema, 
or bruising (29). Long-term data have shown that either A/Abo 
or A/Ona is efficacious and safe over 10 years with no major ad-
verse events and a 20% incidence of minor events (71,72).

OTHER MOVEMENT DISORDERS

There is a level B recommendation that BoNT/A can produce 
modest improvement of (essential) hand tremor (27). A/Ona 
has been used in all these cases, and no experience has been 
collected with other formulations. Postural, but not kinetic, 
hand tremor has been reported to improve (73), with dose-
dependent hand weakness as the main side effect.

Tics have been treated with BoNT: the first anecdotal obser-
vation was made in patients with dystonic tics (74). Currently, 
BoNT is used most frequently for eye blinking and neck or 
shoulder tics. A controlled study showed efficacy of BoNT/A for 
simple motor tics with a 39% reduction in their frequency and a 
reduction of premonitory urge (75). Remarkably, however, the  
patients did not report a comparable subjective benefit. It has 
also been observed that BoNT treatment reduces in severity 
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Muscle Name Principal Functions A/Ona A/Inco (U) A/Abo (U)

Pectoral Muscles Girdle
Rhomboid major Scapula elevation and adduction to the spine 30–40 20–100
Rhomboid minor Scapula elevation and retraction toward the spine 20–40 20–100
Serratus anterior Scapula protraction and external rotation, scapula 

fixation to thoracic wall
10–50 20–100

Pectoralis minor Adduction and internal rotation of the shoulder 10–40 40–160

Shoulder Joint Muscles
Deltoid Arm abduction

Shoulder joint anteversion, retroversion, medial and 
lateral rotation

20–50 20–200

Supraspinatus Arm abduction and external rotation of the upper limb 20–40 20–80
Infraspinatus Arm external rotation and adduction of the upper limb 30–40 20–120
Teres minor Arm external rotation and adduction, cuff stabilizator 20–30 20–80
Teres major Arm adduction and medial rotation   5–40 20–120
Pectoralis major Arm adduction and medial rotation 40–70 80–300
Latissimus dorsi Arm extension and rotation 50–80 80–300

Elbow Joint Muscles
Biceps brachii Forearm flexion and supination 50–100 60–250
Brachialis Elbow flexor 20–60 50–200
Brachioradialis Elbow flexor 20–50 50–300
Triceps brachii Elbow extensor 50–120 80–300
Supinator Forearm supination 30–50 20–100
Pronator teres Forearm pronation 20–50 40–100
Pronator quadratus Forearm pronation

Wrist stabilization
  5–20 20–80

Wrist Joint Muscles
Extensor carpi radialis (longus 

and brevis)
Wrist radial extension 25–50* 20–80*

Extensor carpi ulnaris Wrist ulnar extension
Hand adduction (ulnar deviation)

25–50 20–80

Flexor carpi radialis Wrist radial flexion 25–50 20–200
Palmaris longus Weak wrist flexion

Palmar aponeurosis tension
  5–10 20–40

Flexor carpi ulnaris Wrist ulnar flexion
Hand adduction (ulnar deviation)

20–40 80–300

Finger Joint Muscles
Extensor digitorum Wrist and finger extension 40–80 20–100
Extensor indicis Index finger extension   5–10 20–40
Extensor digiti minimi Fifth finger extension   2.5–10 10–40
Extensor pollicis brevis Thumb extension (proximal joints) 15–25 20–80
Extensor pollicis longus Thumb extension (all joints), abduction 20–30 20–80
Lumbricals manus (I–IV) Metacarpophalangeal joints (II–V) flexion   5–10* 10–20*
Flexor digitorum superficialis Metacarpophalangeal and interphalangeal joints  

(II–V) flexion
40–80 40–120

Flexor digitorum profundus Metacarpophalangeal and interphalangeal joints  
(II–V) flexion

30–70 40–120

Flexor digiti minimi brevis manus Fifth finger flexion 2.5–10 10–40
Flexor pollicis longus Thumb flexion at all joints 30–40 20–60
Abductor pollicis longus Thumb extension and abduction 5–20 20–80
Abductor pollicis brevis Thumb abduction and extension 

(metacarpophalangeal joints)
5–10 10–40

Abductor digiti minimi Fifth finger extension (all joints), abduction 2.5–10 10–40
Dorsal interossei (I–IV) Finger abduction 5–10* 10–20*
Palmar interossei (I–IV) Finger adduction 5–10* 10–20*
Adductor pollicis Thumb adduction, assist opposition 10–15 10–40
Opponens pollicis Thumb opposition 10–20 10–40
Palmaris brevis Palmar aponeurosis tension 5–10 10–20
Opponens digiti minimi Fifth finger rotation and flexion 2.5–5 10–20

	 TABLE 46.3	� Muscles Commonly Treated in the Upper Limb, Their Principal Function, and BoNT 
Doses Commonly Used
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Side effects encountered in the treatment of limb spasticity 
mainly include excessive weakness and unfavorable changes of 
motor scheme.

Cerebral Palsy

Cerebral palsy usually presents with dystonia and spasticity in 
variable combination, often leading to abnormal posturing 
and insufficient development of sensorimotor control. Other 

that differ for the upper and the lower limbs. Typical functional 
goals for the upper limb are reduction in spasticity with in-
crease of range of motion and maximization of residual muscle 
strength, improvement of care, hygiene, and spatial control. 
For the lower limb, typical goals include reduction of abnormal 
posturing, increase of range of motion, and improvement of 
gait that can be evaluated with instrumental gait analysis. As a 
rule, the doses of BoNT used in spasticity are higher than those 
used to treat other movement disorders.

	 TABLE 46.4	� Muscles Commonly Treated in the Lower Limb, Their Principal Function, and BoNT 
Doses Commonly Used

Muscle Name Principal Function(s)
A/Ona A/
Inco (U)

A/Abo 
(U)

Hip Joint Muscles
Gluteus maximus Extension, adduction, and external rotation of the lower limb 40–100 140–400
Gluteus medius Extension, abduction, and internal rotation of the lower limb 20–60   60–200
Gluteus minimus Abduction and internal rotation of the lower limb 20–60   60–200
Iliopsoas Flexion and external rotation of the hip 25–150 100–500
Sartorius Flexion and external rotation of the hip with extended knee, 

flexion and internal rotation with flexed knee
10–40   40–140

Tensor fasciae latae Flexion, abduction, and internal rotation of the hip 20–60   80–250
Pectineus Flexion, adduction, and external rotation of the hip 20–50   70–180
Adductor longus Flexion, adduction, and external rotation of the hip 20–100   50–400
Adductor brevis, Adduction and internal rotation of the hip 20–80   50–300
Adductor magnus Adduction and internal rotation of the hip 40–150 100–400

Knee Joint Muscles
Quadriceps femoris: Rectus femoris Flexion of the hip and extension of the knee 20–100   50–350
Quadriceps femoris: Vastus medialis Knee extension 20–80   50–300
Quadriceps femoris: Vastus 

intermedius
Knee extension 20–80   50–300

Quadriceps femoris: Vastus lateralis Knee extension 20–80   50–300
Biceps femoris Hip extension and knee flexion 40–140 100–400
Semimembranosus Extension and adduction of the hip and flexion of the knee 20–100   80–400
Semitendinosus Extension and adduction of the hip and flexion of the knee 20–80   60–300

Ankle Joint Muscles
Gastrocnemius Knee flexion and foot plantar flexion 20–100   80–400
Soleus Knee flexion and foot plantar flexion 20–80   80–300
Tibialis posterior Plantar flexion and adduction (supination) of the foot 20–100   80–350
Tibialis anterior Dorsal flexion and adduction (supination) of the foot 20–80   80–300
Peroneus longus Plantar flexion and abduction (pronation) of the foot   5–40   20–140

Toe Joint Muscles
Extensor digitorum brevis Metatarsophalangeal extension (I–IV) and interphalangeal 

flexion (II–IV)
  5–30   20–100

Extensor digitorum longus Metatarsophalangeal and interphalangeal extension (II–V), 
ankle dorsal flexion

  5–40   20–140

Extensor hallucis brevis Hallucis extension   5–30   20–100
Extensor hallucis longus Metatarsophalangeal and interphalangeal joint extension 20–40   80–140
Flexor hallucis brevis Metatarsophalangeal joint flexion   5–30   20–100
Flexor hallucis longus Interphalangeal 10–40   40–140
Flexor digitorum longus Interphalangeal flexion (II–V), ankle plantar flexion, 

supination of the foot
10–40   40–140

Flexor digitorum brevis Interphalangeal flexion(II–V) 10–100   40–300
Quadratus plantae Interphalangeal and metatarsophalangeal flexion (II–V)   5–20   20–80
Dorsal interossei (I–IV) Abduction (I–IV)   5–20*   20–60*
Plantar interossei(I–III) Adduction (I–III)   5–10*   20–40*
Abductor hallucis Abduction   5–20   20–80
Adductor hallucis Adduction   5–20   20–80
Lumbricals (I–IV) Metatarsophalangeal flexion and interphalangeal  

extension (I–IV)
  5–10*   20–40*

Abductor digiti minimi Fifth toe abduction   5–20   20–60

*an average dose per muscle
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motor or nonmotor features can be associated. In order to 
achieve optimal therapeutic results, early interventions and 
interdisciplinary team approach are required to tap into the 
developmental potential of a child (82). BoNT/A is effective 
in reducing spasticity and improving motor function when it 
is used in combination with other treatment measures. Dose  
limits should be taken in great account for children: 6 A/Ona 
U/kg (body weight) per muscle and a total dose of 29 A/Ona 
U/kg are considered the maximum limit not to be exceeded 
(83), whereas a maximum dose of 30 A/Abo U/kg, not exceed-
ing a total of 1,000 U per session, has been retained (84). Al-
though BoNT/A treatment of children with cerebral palsy has 
been approved only for children older than 2 years, a recent sys-
tematic review has supported its use in children younger than 
that (85).

Using BoNT to treat fixed contractures is a logical approach 
if there is no evidence of joint deformities, tendon or muscle 
abnormalities to impede an increase in range of motion fol-
lowing chemical denervation of the muscle. In some patients, 
the appropriate muscle selection can be performed by assessing 
passive joint mobility under general anesthesia.

Children who cannot open the mouth due to focal spasticity 
of the masticatory muscles can be treated with BoNT/A in the 
masseter and in the temporalis muscles (150 and 75 A/Abo U, 
respectively, on either side). Clenched fist can be relieved by 
BoNT injections, allowing to clean and dry the hand; a lockjaw 
(or trismus) can be treated with BoNT to help feeding or war-
rant mouth hygiene. Common side effects observed in patients 
with cerebral palsy include muscle soreness, pain at injection 
site, skin rash, fatigue, excessive weakness, flu-like symptoms, 
infection, and allergic reaction. Autonomic side effects (espe-
cially dry mouth) are particularly common following treatment 
with BoNT/B and are dose-dependent.

COMPREHENSIVE APPROACH  
TO PARKINSONIAN PATIENTS

BoNT provides a complementary treatment for some motor 
and nonmotor features occurring in Parkinson disease (PD) 
and other parkinsonian syndromes. Although some indications 
are better established than others, a multidisciplinary BoNT 
clinic may be of great benefit to parkinsonian patients. Motor 
symptoms amenable of treatment with BoNT include dystonia 
and contractures; nonmotor symptoms encompass sialorrhea, 
bladder hyperreflexia, outlet-type constipation, and benign 
prostatic hyperplasia.

Off-period Dystonia

Dyskinesias are a frequent finding in parkinsonian syndromes, 
with off-period dystonia being a common problem related to 
insufficient dopamine replacement. Blepharospasm is a com-
mon feature in PD and in other parkinsonian syndromes, par-
ticularly progressive supranuclear palsy where it often presents 
as “eyelid-opening apraxia.” Off-period limb dystonia is often 
characterized by painful fixed contractures occurring in the 
morning after overnight medication withdrawal (early morn-
ing dystonia) or during the day. BoNT/A is efficacious for 
off-period dystonia when injected in overactive limb muscles, 
which can be selected based on inspection and pain localiza-
tion. Dystonia and pain respond equally in such cases, but pain 
unrelated to dystonia does not respond adequately to BoNT 

injections. Treatment is performed as for idiopathic and inher-
ited dystonia affecting the same territories.

Parkinsonian syndromes poorly responsive to dopaminer-
gic medication are often complicated by fixed neck or head 
contractures that are rarely observed in classic PD. Dispropor-
tionate antecollis (forward flexion of the head) is considered a 
typical feature of multiple system atrophy, whereas stiff retro-
collis (backward flexion) is typically observed in progressive su-
pranuclear palsy, where it is often combined with a jaw-closing 
contracture that impairs oral hygiene and chewing. There is 
scattered experience on the management of these complica-
tions with BoNT. As for idiopathic or inherited cervical dysto-
nia, antecollis is more difficult to treat, because of the many 
muscles involved in head flexion (see Table 46.2) and the risk 
of swallowing difficulties when high doses are placed in the an-
terior neck muscles.

Constipation

Chronic constipation is a common occurrence in PD patients, 
mainly due to slow colonic transit caused by peripheral dys-
autonomia aggravated by dopaminergic medication. In a mi-
nority of PD patients, there is inability to evacuate stools at 
straining, associated with lack of relaxation of the puborectalis 
muscle leading to outlet-type constipation (86). With an effort 
to evacuate the rectum, the puborectalis muscle normally re-
laxes to straighten the anorectal canal. If this does not occur 
appropriately, the patients are unable to defecate and stools ac-
cumulate in the rectum. Failure of the puborectalis muscle to 
relax during efforts to defecate (or its paradoxical contraction 
instead) is considered a form of focal dystonia. The diagnosis 
of outlet-type constipation is supported by the observation of 
an abnormal anorectal angle during attempted evacuation of 
barium paste and by EMG of the puborectalis muscle during  
straining.

BoNT/A injections into the puborectalis muscle improve 
defecation in patients with outlet-type constipation. A total of 
30 to 100 A/Ona U or 90 to 300 A/Abo U can be injected in the 
puborectalis muscle, a simple and usually well-tolerated proce-
dure. The effect lasts for less than 2 months, and the treatment 
can be repeated. Unfortunately, even if the treatment is success-
ful, the majority of patients are disappointed if slow transit con-
stipation persists. Side effects mainly consist in mild, transient 
incontinence.

Sialorrhea

Sialorrhea is commonly associated with PD and other parkin-
sonian syndromes, due to impaired and infrequent swallowing, 
flexed head posture, and incomplete lip closure. Although si-
alorrhea is not a life-threatening condition, the physical and 
psychosocial sequels of sialorrhea may have a significant nega-
tive impact on quality of life for both the patient and caregiver. 
BoNT injections into the salivary glands reduce the production 
of saliva, thereby reducing drooling. Reduced swallowing also 
occurs in other neurologic conditions, such as motor neuron 
disease, cerebral palsy, encephalopathy, and stroke. Increased 
salivation can also be caused by lesions or foreign bodies lo-
cated in the mouth, by rabies infection, mercurial poisoning, 
or as a side effect of antiepileptic drugs or atypical neurolep-
tics (e.g., clozapine). Traditional treatments of sialorrhea were 
based on anticholinergic drugs, salivary gland resection or 
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hypotonic, producing difficulty of voiding, and incontinence 
due to sphincter weakness.

BoNT/A injections in the detrusor can be considered a  
first-line treatment for overactive bladder in PD patients, be-
cause of easy application, minimal side effects, local mode of 
action, and valuable efficacy (89). Larger placebo-controlled 
studies with longer periods of observation are needed to 
fully assess the efficacy of repeated injections, and long-term 
tolerability.

In neurogenic detrusor overactivity, BoNT/A injections into 
the detrusor muscle (200–400 A/Ona or 500–1,000 A/Abo) in-
crease the maximum cystometric bladder capacity and decrease 
the maximum detrusor voiding pressure. The procedure is per-
formed under sedation and local anesthesia using a flexible fi-
berscope and a 27 G flexible needle. Injections are performed 
in 1-mL portions above the interureteric ridge covering both 
lateral walls, the base, and the back wall of the bladder, but not 
into the dome.

A recent open-label study evaluated safety and efficacy of 
100 A/Ona U injected into the bladder in PD patients with 
incontinence (90). Moderate to marked symptom relief was 
reported 3 months after treatment, and 60% of patients had 
a 50% reduction of incontinence. No urinary retention requir-
ing catheterization occurred. Low-dose BoNT/A treatment is 
a promising management strategy for PD patients with urinary 
incontinence.

BoNT/A has proven useful in reducing urethral resistance 
and facilitating voiding efficiency in patients with detrusor  
external sphincter dyssynergia, detrusor failure, or poor relax-
ing urethral sphincter. In such cases, the injections are per-
formed into the external urethral sphincter (100 A/Ona U, 
300 A/Abo U) (91). These results are of interest particularly 
for patients with multiple system atrophy who experience void-
ing difficulty.

Benign prostatic hyperplasia is a nonmalignant enlargement 
of the prostate that involves the gland stroma and epithelium. 
Symptoms related to benign prostatic hyperplasia add up to 
other urinary symptoms observed in PD; incomplete bladder 
emptying or complications, such as acute urinary retention, 
are not uncommon. Following a pioneering intuition from our 
team (92), direct BoNT/A injections into the prostate have 
been the object of a first randomized controlled study (93). 
One hundred A/Ona U was injected into each lobe. BoNT/A 
caused a reduction in prostate volume, inducing a decrease in 
the mean residual urinary volume.
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Micturition Disturbances

Urinary symptoms are a common finding in PD patients, who 
typically present an overactive urinary bladder with urgency. 
The urethral sphincter function is not affected by PD, and 
incontinence is an uncommon and late occurrence. More se-
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phy result from a combination of an overactive detrusor and 
a weak sphincter. In later stages, the detrusor may become 

# 156034   Cust: LWW   Au: Jankovic  Pg. No. 493 
Title:  Parkinson’s Disease and Movement Disorders  6e

C M Y K 
Short / Normal 

DESIGN SERVICES OF

S4carlisle
Publishing Services

Jankovic9781608311767-ch046.indd   493 13/02/15   6:03 PM



494      Parkinson’s Disease & Movement Disorders

	48.	 Sethi KD, Rodriguez R, Olayinka B. Satisfaction with botulinum toxin treatment: a cross-
sectional survey of patients with cervical dystonia. J Med Econ 2012;15:419–423.

	49.	 Evidente VG, et al. A randomized, double-blind study of repeated incobotulinumtoxinA 
(Xeomin®) in cervical dystonia. J Neural Transm 2013;120:1699–1707.

	50.	 Charles PD, et al. Cervical dystonia and pain: characteristics and treatment patterns from 
CD PROBE (Cervical Dystonia Patient Registry for Observation of OnabotulinumtoxinA 
Efficacy). J Neurol 2014;261(7):1309–1319.

	51.	 Hong JS, et al. Elimination of dysphagia using ultrasound guidance for botulinum toxin 
injections in cervical dystonia. Muscle Nerve 2012;46:535–539.

	52.	 Albanese A, et al. EFNS guidelines on diagnosis and treatment of primary dystonias. Eur J 
Neurol 2011;18:5–18.

	53.	 Chen R, Karp BI, Hallett M. Botulinum toxin type F for treatment of dystonia: long-term 
experience. Neurology 1998;51:1494–1496.

	54.	 Gill CE, et al. Continuation of long-term care for cervical dystonia at an academic move-
ment disorders clinic. Toxins (Basel) 2013;5:776–783.

	55.	 Boyce MJ, et al. Active exercise for individuals with cervical dystonia: a pilot randomized 
controlled trial. Clin Rehabil 2013;27:226–235.

	56.	 Fiorio M, et al. Mental rotation of body parts and non-corporeal objects in patients with 
idiopathic cervical dystonia. Neuropsychologia 2007;45:2346–2354.

	57.	 Jinnah HA, et al. The focal dystonias: current views and challenges for future research. Mov 
Disord 2013;28:926–943.

	58.	 Altman KW, Atkinson C, Lazarus C. Current and emerging concepts in muscle tension 
dysphonia: a 30-month review. J Voice 2005;19:261–267.

	59.	 Blitzer A, Brin MF, Stewart CF. Botulinum toxin management of spasmodic dysphonia  
(laryngeal dystonia): a 12-year experience in more than 900 patients. Laryngoscope 1998;108: 
1435–1441.

	60.	 Jankovic J. Medical treatment of dystonia. Mov Disord 2013;28:1001–1012.
	61.	 Cannito MP, Kahane JC, Chorna L. Vocal aging and adductor spasmodic dysphonia:  

response to botulinum toxin injection. Clin Interv Aging 2008;3:131–151.
	62.	 Truong DD, Bhidayasiri R. Botulinum toxin therapy of laryngeal muscle hyperactivity syn-

dromes: comparing different botulinum toxin preparations. Eur J Neurol 2006;13(suppl 
1):36–41.

	63.	 Tan EK, Jankovic J. Botulinum toxin A in patients with oromandibular dystonia: long-term 
follow-up. Neurology 1999;53:2102–2107.

	64.	 Sinclair CF, Gurey LE, Blitzer A. Oromandibular dystonia: long-term management with 
botulinum toxin. Laryngoscope 2013;123:3078–3083.

	65.	 Charles PD, et al. Tongue protrusion dystonia: treatment with botulinum toxin. South Med 
J 1997;90:522–525.

	66.	 Kruisdijk JJ, et al. Botulinum toxin for writer’s cramp: a randomised, placebo-controlled 
trial and 1-year follow-up. J Neurol Neurosurg Psychiatry 2007;78:264–270.

	67.	 Hsiung GY, et al. Long-term efficacy of botulinum toxin A in treatment of various move-
ment disorders over a 10-year period. Mov Disord 2002;17:1288–1293.

	68.	 Lungu C, et al. Long-term follow-up of botulinum toxin therapy for focal hand dystonia: 
outcome at 10 years or more. Mov Disord 2011;26:750–753.

	69.	 Miller LE, Miller VM. Safety and effectiveness of microvascular decompression for treat-
ment of hemifacial spasm: a systematic review. Br J Neurosurg 2012;26:438–444.

	70.	 Gill HS, Kraft SP. Long-term efficacy of botulinum a toxin for blepharospasm and hemifa-
cial spasm. Can J Neurol Sci 2010;37:631–636.

	71.	 Bentivoglio AR, et al. Outcome predictors, efficacy and safety of Botox and Dysport in the 
long-term treatment of hemifacial spasm. Eur J Neurol 2009;16:392–398.

	72.	 Czyz CN, et al. Long-term botulinum toxin treatment of benign essential blepharospasm, 
hemifacial spasm, and Meige syndrome. Am J Ophthalmol 2013;156:173–177.

	73.	 Brin MF, et al. A randomized, double masked, controlled trial of botulinum toxin type A in 
essential hand tremor. Neurology 2001;56:1523–1528.

	74.	 Jankovic J. Botulinum toxin in the treatment of dystonic tics. Mov Disord 1994;9:347–349.
	75.	 Marras C, et al. Botulinum toxin for simple motor tics: a randomized, double-blind, con-

trolled clinical trial. Neurology 2001;56:605–610.
	76.	 Porta M, et al. Treatment of phonic tics in patients with Tourette’s syndrome using botuli-

num toxin type A. Neurol Sci 2004;24:420–423.
	77.	 Sinclair CF, Gurey LE, Blitzer A. Palatal myoclonus: algorithm for management with  

botulinum toxin based on clinical disease characteristics. Laryngoscope 2014;124: 
1164–1169.

	78.	 Long H, et al. Efficacy of botulinum toxins on bruxism: an evidence-based review. Int Dent 
J 2012;62(1):1–5.

	79.	 Elia AE, et al. Botulinum neurotoxins for post-stroke spasticity in adults: a systematic  
review. Mov Disord 2009;24:801–812.

	80.	 Esquenazi A, et al. Evidence-based review and assessment of botulinum neurotoxin for 
the treatment of adult spasticity in the upper motor neuron syndrome. Toxicon 2013;67: 
115–128.

	81.	 Shaw LC, et al. Botulinum toxin for the Upper Limb after Stroke (BoTULS) Trial: effect 
on impairment, activity limitation, and pain. Stroke 2011;42:1371–1379.

	82.	 Rawicki B, et al. Botulinum toxin assessment, intervention and aftercare for paediatric 
and adult niche indications including pain: international consensus statement. Eur J Neurol 
2010;17(suppl 2):122–134.

	83.	 Mugglestone MA, Eunson P, Murphy MS. Spasticity in children and young people with 
non-progressive brain disorders: summary of NICE guidance. Br Med J 2012;345:e4845.

	84.	 Koman LA, Paterson SB, Balkrishnan R. Spasticity associated with cerebral palsy in chil-
dren: guidelines for the use of botulinum A toxin. Paediatr Drugs 2003;5:11–23.

	85.	 Druschel C, et al. Off label use of botulinum toxin in children under two years of age:  
a systematic review. Toxins (Basel) 2013;5:60–72.

	86.	 Albanese A, et al. Treatment of outlet obstruction constipation in Parkinson’s disease with 
botulinum neurotoxin A. Am J Gastroenterol 2003;98:1439–1440.

	87.	 Vashishta R, et al. Botulinum toxin for the treatment of sialorrhea: a meta-analysis. Otolar-
yngol Head Neck Surg 2013;148:191–196.

	10.	 Cui M, et al. Subcutaneous administration of botulinum toxin A reduces formalin-induced 
pain. Pain 2004;107:125–133.

	11.	 Carli L, Montecucco C, Rossetto O. Assay of diffusion of different botulinum neurotoxin 
type A formulations injected in the mouse leg. Muscle Nerve 2009;40:374–380.

	12.	 Sampaio C, Costa J, Ferreira JJ. Clinical comparability of marketed formulations of botuli-
num toxin. Mov Disord 2004;19(suppl 8):S129–S136.

	13.	 Eleopra R, et al. Different types of botulinum toxin in humans. Mov Disord 2004;19(suppl 
8):S53–S59.

	14.	 Dressler D, Benecke R. Autonomic side effects of botulinum toxin type B treatment of 
cervical dystonia and hyperhidrosis. Eur Neurol 2003;49:34–38.

	15.	 Lange O, et al. Neutralizing antibodies and secondary therapy failure after treatment with 
botulinum toxin type A: much ado about nothing? Clin Neuropharmacol 2009;32:213–218.

	16.	 Atassi MZ, et al. Regions of botulinum neurotoxin A light chain recognized by human 
anti-toxin antibodies from cervical dystonia patients immunoresistant to toxin treatment. 
The antigenic structure of the active toxin recognized by human antibodies. Immunobiology 
2011;216:782–792.

	17.	 Dolimbek BZ, et al. Mapping of the regions on the heavy chain of botulinum neurotoxin 
A (BoNT/A) recognized by antibodies of cervical dystonia patients with immunoresistance 
to BoNT/A. Mol Immunol 2007;44:1029–1041.

	18.	 Goschel H, et al. Botulinum A toxin therapy: neutralizing and nonneutralizing antibod-
ies––therapeutic consequences. Exp Neurol 1997;147:96–102.

	19.	 Naumann M, et al. Immunogenicity of botulinum toxins. J Neural Transm 2013;120: 
275–290.

	20.	 Lange DJ, et al. Distant effects of locally injected botulinum toxin. A double-blind study of 
single fiber EMG changes. Muscle Nerve 1991;14:672–675.

	21.	 Cordivari C, et al. Secondary nonresponsiveness to botulinum toxin A in cervical dystonia: 
the role of electromyogram-guided injections, botulinum toxin A antibody assay, and the 
extensor digitorum brevis test. Mov Disord 2006;21:1737–1741.

	22.	 Flowers JM, Hicklin LA, Marion MH. Anterior and posterior sagittal shift in cervical dysto-
nia: a clinical and electromyographic study, including a new EMG approach of the longus 
colli muscle. Mov Disord 2011;26:2409–2414.

	23.	 Fujimoto H, et al. Sonographic guidance provides a low-risk approach to the longus colli 
muscle. Mov Disord 2012;27:928–929.

	24.	 Albanese A, et al. Phenomenology and classification of dystonia: a consensus update. Mov 
Disord 2013;28:863–873.

	25.	 Frueh BR, et al. Treatment of blepharospasm with botulinum toxin: a preliminary report. 
Arch Ophthalmol 1984;102:1464–1468.

	26.	 Simpson DM, et al. Assessment: botulinum neurotoxin for the treatment of movement dis-
orders (an evidence-based review): report of the Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology. Neurology 2008;70:1699–1706.

	27.	 Hallett M, et al. Evidence-based review and assessment of botulinum neurotoxin for the 
treatment of movement disorders. Toxicon 2013;67:94–114.

	28.	 Jankovic J. Botulinum toxin in clinical practice. J Neurol Neurosurg Psychiatry 2004;75: 
951–957.

	29.	 Kim BW, et al. Adverse events associated with botulinum toxin injection: a multidepart-
ment, retrospective study of 5310 treatments administered to 1819 patients. J Dermatol Treat 
2014;25:331–336.

	30.	 Bentivoglio AR, et al. Fifteen-year experience in treating blepharospasm with Botox or 
Dysport: same toxin, two drugs. Neurotox Res 2009;15:224–231.

	31.	 Albanese A, et al. Pretarsal injections of botulinum toxin improve blepharospasm in previ-
ously unresponsive patients. J Neurol Neurosurg Psychiatry 1996;60:693–694.

	32.	 Jankovic J. Pretarsal injection of botulinum toxin for blepharospasm and apraxia of eyelid 
opening. J Neurol Neurosurg Psychiatry 1996;60:704.

	33.	 Krack P, Marion MH. “Apraxia of lid opening”, a focal eyelid dystonia: clinical study of 32 
patients. Mov Disord 1994;9:610–615.

	34.	 Esposito M, et al. The combined treatment with orbital and pretarsal botulinum toxin  
injections in the management of poorly responsive blepharospasm. Neurol Sci 2014;35: 
397–400.

	35.	 Colosimo C, Tiple D, Berardelli A. Efficacy and safety of long-term botulinum toxin treat-
ment in craniocervical dystonia: a systematic review. Neurotox Res 2012;22:265–273.

	36.	 Defazio G, et al. Descriptive epidemiology of cervical dystonia. Tremor Other Hyperkinet Mov 
(NY) 2013;3.

	37.	 Reichel G. Cervical dystonia: a new phenomenological classification for botulinum toxin 
therapy. Basal Ganglia 2011;1:5–12.

	38.	 Koller W, et al. Failure of fixed-dose, fixed muscle injection of botulinum toxin in torticol-
lis. Clin Neuropharmacol 1990;13:355–358.

	39.	 Chan J, Brin MF, Fahn S. Idiopathic cervical dystonia: clinical characteristics. Mov Disord 
1991;6:119–126.

	40.	 Lu CS, Chen RS, Tsai CH. Double-blind, placebo-controlled study of botulinum toxin in-
jections in the treatment of cervical dystonia. J Formos Med Assoc 1995;94:189–192.

	41.	 Kutvonen O, Dastidar P, Nurmikko T. Pain in spasmodic torticollis. Pain 1997;69: 
279–286.

	42.	 Ramirez-Castaneda J, Jankovic J. Long-term efficacy and safety of botulinum toxin injec-
tions in dystonia. Toxins (Basel) 2013;5:249–266.

	43.	 Ramirez-Castaneda J, Jankovic J. Long-term efficacy, safety, and side effect profile of botu-
linum toxin in dystonia: a 20-year follow-up. Toxicon 2014;90:344–348.

	44.	 Walsh RA, et al. Bilateral pallidal stimulation in cervical dystonia: blinded evidence of ben-
efit beyond 5 years. Brain 2013;136:761–769.

	45.	 Jankovic J. Treatment of cervical dystonia with botulinum toxin. Mov Disord 2004;19(suppl 
8):S109–S115.

	46.	 Greene P, et al. Double-blind, placebo-controlled trial of botulinum toxin injections for the 
treatment of spasmodic torticollis. Neurology 1990;40:1213–1218.

	47.	 Greene P, Fahn S, Diamond B. Development of resistance to botulinum toxin type A in 
patients with torticollis. Mov Disord 1994;9:213–217.

# 156034   Cust: LWW   Au: Jankovic  Pg. No. 494 
Title:  Parkinson’s Disease and Movement Disorders  6e

C M Y K 
Short / Normal 

DESIGN SERVICES OF

S4carlisle
Publishing Services

Jankovic9781608311767-ch046.indd   494 13/02/15   6:03 PM



Chapter 46 • Botulinum Toxin in Movement Disorders      495

	91.	 Mahfouz W, Karsenty G, Corcos J. Injection of botulinum toxin type A in the urethral 
sphincter to treat lower urinary tract dysfunction: review of indications, techniques and 
results: 2011 update. Can J Urol 2011;18:5787–5795.

	92.	 Maria G, et al. Relief by botulinum toxin of voiding dysfunction due to benign prostatic 
hyperplasia: results of a randomized, placebo-controlled study. Urology 2003;62:259–264.

	93.	 Hamidi Madani A, et al. Transurethral intraprostatic Botulinum toxin-A injection: a novel 
treatment for BPH refractory to current medical therapy in poor surgical candidates. World 
J Urol 2013;31:235–239.

	88.	 Chinnapongse R, et al. Safety and efficacy of botulinum toxin type B for treatment of  
sialorrhea in Parkinson’s disease: a prospective double-blind trial. Mov Disord 2012;27: 
219–226.

	89.	 Kulaksizoglu H, Parman Y. Use of botulinim toxin-A for the treatment of overactive  
bladder symptoms in patients with Parkinsons’s disease. Parkinsonism Relat Disord 
2010;16:531–534.

	90.	 Anderson RU, Orenberg EK, Glowe P. OnabotulinumtoxinA office treatment for neuro-
genic bladder incontinence in Parkinson’s disease. Urology 2014;83:22–27.

# 156034   Cust: LWW   Au: Jankovic  Pg. No. 495 
Title:  Parkinson’s Disease and Movement Disorders  6e

C M Y K 
Short / Normal 

DESIGN SERVICES OF

S4carlisle
Publishing Services

Jankovic9781608311767-ch046.indd   495 13/02/15   6:03 PM


