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Botulinum toxin therapy for cervical dystonia: review of
the clinical evidence and ongoing studies
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Cervical dystonia, also referred to as spasmodic torticollis, is the most
frequent form of adult-onset focal dystonia seen in neurological practice. It is
characterized by involuntary contractions in a specific set of muscles causing
abnormal, sustained and frequently painful postures of the head, neck and
shoulders. Intramuscular injection of botulinum toxin (BoNT) into selected
muscles is currently considered the treatment of first choice. This has been
confirmed by numerous short- and long-term clinical studies, which have
established high-quality class I and II evidence (level A recommendation by
the American Academy of Neurology) that both BoNT-A and BoNT-B are safe
and effective treatment options for cervical dystonia. This review summarizes
the clinical evidence currently available and attempts to provide an overview
of ongoing clinical studies in this field.
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Dystonia is a heterogeneous group of movement disorders characterized by invol-
untary sustained contractions of both agonist and antagonist muscles, frequently
causing repetitive twisting movements or abnormal postures, which can affect
any body region (reviewed in [1.2]). Although originally considered rare, recent
epidemiological studies have suggested that the disease is frequently under- or
mis-diagnosed and sporadic ‘idiopathic’ focal dystonia is now considered the third
most common movement disorder [3-6]. Idiopathic cervical dystonia (CD), also
referred to as spasmodic torticollis, is the most frequent form of focal dystonia
seen in neurological practice and causes abnormal postures of the head, neck and
shoulders, due to overactivity of neck and shoulder muscles, sometimes super-
imposed by tremulous and/or myoclonic movements. Age of onset is typically
approximately 40 years, with wide variability. The incidence is estimated as 6
and 9/100,000 in the USA (7] and central Europe (4], respectively, although the
prevalence in the general community may be considerably higher based on the
few epidemiological community-based studies currently available [3]. One study
in a multiethnic population in northern California suggested the minimum inci-
dence to be higher in white individuals compared with other races, for example,
Hispanic, Asian and Afro-Caribbean [s]. Women are affected between 1.5- and
1.9-times more frequently than men. Symptoms of CD may vary from mild to
severe, are frequently painful, may lead to disability by interference with activi-
ties of daily living, such as driving, working and reading, and frequently result in
social withdrawal. Spontaneous remission may occur in approximately 10-20% of
patients [9], but in most of these patients symptoms later reappear, often resulting
in permanent disability. The majority of patients report relief from sensory tricks
(‘geste antagoniste’), such as lightly touching the chin or leaning the head back
against support; in a few patients, ‘reverse’ sensory tricks have been reported [10].
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The phenomology of CD is complex, with variable
combinations of tonic (sustained) and phasic (inter-
mittent) movements. Depending on the predominant
plane of movement, involuntary head movements are
termed torticollis (rotation of the head on a transversal
plane), antecollis/retrocollis (flexion/extension of the
head on a sagittal plane) or laterocollis (flexion of the
head on a frontal plane). Most patients suffer from a
combination of these components of movement.

Although it is commonly thought that abnormal
neuronal activities, most likely within the basal gan-
glia motor loops, underlie dystonic symptoms, the
detailed pathogenesis of CD is still largely mysterious.
Various studies revealed a high proportion of patients
with a positive family history (<25%) [11.12], suggesting
a hereditary component in the pathogenesis in at least
a considerable subset of patients. Segregation analysis
suggested that focal dystonia may be inherited as an
autosomal dominant trait, with a reduced penetrance of
approximately 12—15% [12-14]. In line with these find-
ings, several recent genetic studies found an association
of single nucleotide polymorphisms within or in close
proximity to the TORIA(DYTI)- and TORIB-genes
on chromosome 9p, with sporadic focal dystonia in
independent populations [15-17]. However, these results
need to be confirmed in further populations, especially
because one study in German patients with controls
failed to obtain similar results [18].

The fact that findings from recent neurophysiological
and imaging studies have revealed several abnormali-
ties shared by different types of focal dystonia, includ-
ing CD, supports the hypothesis that these clinically
diverse subtypes of dystonia may have common etio-
logical factors, including genetic susceptibility. Taken
together, these shared pathological findings point to
abnormalities in sensorimotor integration and cortical
excitability, with loss of surround inhibition mediated
by GABA and aberrant or maladaptive plasticity of
specific brain regions as major common themes. These
appear to be due to, among other factors, abnormal
levels of activity in the sensorimotor cortex, the caudal
sensorimotor area and premotor cortices during motor
tasks, volumetric enlargement of the basal ganglia,
altered dopamine D2-receptor binding and an increase
in grey matter densitiy in the primary sensory cortex
(reviewed in [19-21]). Diffusion tensor imaging stud-
ies are one example where neuroimaging studies have
exhibited discordance between different subtypes of
focal dystonia. These studies have demonstrated ultra-
structural white matter changes in the corpus callo-
sum, prefrontal cortex, sensorimotor area, caudate,
putamen and thalamus in patients with CD [22,23],
whereas no such changes were observed in those with
blepharospasm [24]. Secondary dystonia may be caused

by exposure to neuroleptic drugs blocking dopamine
receptors, stroke, various neurodegenerative condi-
tions, post-traumatic dystonia, perinatal brain injury,
infections or other causes.

Intramuscular injection of botulinum toxin
(BoNT) into selected muscles is currently considered
the treatment of first choice for CD. If necessary, this
therapy may be combined with pharmacological and/
or neurosurgical treatment options. Oral medications
to be considered include anticholinergics such as tri-
hexyphenidyl, muscle relaxants such as baclofen and
benzodiazepines, or antidopaminergic drugs such
as tetrabenazin. However, side effects including dry
mouth, dizziness or sedation frequently outweigh the
therapeutic benefits [25], and evidence from controlled
trials is either completely lacking or poor. Pallidal
deep-brain stimulation of the globus pallidus inter-
nus may also be considered for selected patients if
BoNT injections and medication have failed to pro-
vide sufficient relief, especially for complex cervical
or segmental dystonia [26,27]. Recently, preliminary
results from a small prospective pilot study on the
effects of bilateral deep-brain stimulation of the sub-
thalamic nucleus in nine patients with predominant
CD also suggested a significant improvement, with
the Toronto Western Spasmodic Torticollis Rating
Scale (TWSTRS) total score improving from a mean
(+ standard error of the mean) of 53.1 (+ 2.57) to
19.6 (+ 5.48) at 12 months (p < 0.001). No bradyki-
netic side effects were observed, but transient dyski-
nesias during stimulation occurred in all patients and
transient worsening of depression and weight gain in
some [28]. Peripheral surgical procedures that may be
considered in selected cases refractory to other types
of treatment include selective peripheral denervation
and myectomy [29].

Serotypes of BONT & commercially

available preparations

Botulinum toxin is produced by the bacterium
Clostridium botulinum. Seven distinct immunologi-
cal serotypes can be differentiated, classified into
A-G [30]. Their biological activity is largely deter-
mined by which protein components of the soluble
N-ethyl maleimide-sensitive factor attachment protein
receptor (SNARE)-complex they interact with. These
proteins are required for membrane fusion preced-
ing release of acetylcholine-containing vesicles into
the synaptic cleft at the neuromuscular junction. The
BoNT light chain acts as a protease and catalyzes zinc-
dependent cleavage at specific sites of one or more of
these SNARE proteins, depending on the BoNT sero-
type (e.g., BONT-A, BoNT-E: SNAP-25 and BoNT-B:
VAMP/synaptobrevin). All commercially available

www.future-science.com

future science group



Botulinum toxin therapy for cervical dystonia

BoNT preparations currently available are either based
upon BoNT-A, such as Botox® (onabotulinumtoxinA;
Allergan Inc., CA, USA), Dysport® (abobotulinum-
toxinA; Ipsen Ltd, Slough, UK), and Xeomin® (inco-
botulinumtoxinA; Merz Pharmaceuticals, Frankfurt,
Germany) or upon BoNT-B, such as Myobloc™ (as
marketed in the USA; rimabotulinumtoxinB; Solstice
Neurosciences Inc., PA, USA) and Neurobloc® (as
marketed elsewhere; rimabotulinumtoxinB; Solstice
Neurosciences Inc.). In Japan, serotype F has previ-
ously also been available on a limited basis (31], but its
short duration of benefit appears to be a major disad-
vantage in clinical practice. These BoNT drugs differ
in their protein composition, strength and amounts,
as well as their commercial processing. According
to currently available data, it is thought that Botox
and Xeomin are highly similar with respect to their
therapeutic effects and profile of side effects in clinical
practice [32-34]. Their biological activity or potency,
as measured in mouse units per vial, appears to be
comparable in clinical routine and in clinical studies
(32.35], although the potency units for each brand are
specific for the preparation and assay method utilized.
In contrast, the dose conversion ratio of Botox ver-
sus Dysport has remained a matter of debate; some
currently available studies [36,37] suggest a conversion
ratio in the order of 1:3-1:4, although these two stud-
ies, directly comparing one brand (Botox) to another
(Dysport) in an effort to establish a dose equivalency,
showed that there was considerable interindividual
variability. Whereas the authors of the first study
inferred from their data that the dose equivalency
of Botox to Dysport was 1:3 [3¢], the second study,
using a three-period crossover design, concluded that
this ratio is less than 1:3 37]. A third study, termed
Retrospective Evaluation of the Dose of Dysport
and Botox in the Clinical Management of Cervical
Dystonia and Blepharospasm (‘(REAL DOSE’), which
was retrospective and also included patients with
blepharospasm, found a wide range of Dysport:Botox
ratios, ranging from a low of 2:1 to a high of 11:1;
only 21% of all patients (n = 116) fell into the ratio
grouping of 3:1 to less than 4:1, therefore questioning
the results of the two other previous studies mentioned
above and suggesting that clinical decisions regard-
ing the dosage of different BONT formulations has to
be made on an individual basis for each patient [38].
The conversion ratio between Botox and Myobloc/
Neurobloc is presumed to lie in the order of 1:40—
1:50. In clinical practice, the treating physician must
be aware that each brand is unique and that simple
dose-conversion ratios are not applicable; therefore,
caution should be used, especially when it is necessary
to switch between different brands in a given patient.
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Varying dilutions may further complicate attempts
to compare the dosage of different BoNT formula-
tions due to their effects on potency, clinical efficacy
and frequency of possible adverse events. Xeomin is a
relatively new formulation of BoNT-A containing only
the active neurotoxin without accessory (complexing)
proteins. Based on its pharmacological properties, it
is assumed that its antigenicity and the resulting risk
of developing neutralizing antibodies (nAbs) against
BoNT may be lower when compared with other avail-
able types of BONT-A. One double-blind non-inferi-
ority study has established similar clinical effects and
safety compared with Botox in CD patients [32]. The
actual frequency of development of nAb still remains
to be determined, although preliminary results are
encouraging: an open-label study of 100 patients with
CD (50 de novo, 50 previously treated with BoNT)
continuously treated with Xeomin over 2 years showed
negative antibody test results in all patients, using the
sensitive mouse hemidiaphragma assay [39]. However,
the abovementioned hypothesis further awaits testing
in larger and long-term clinical studies. A recent meta-
analysis of 70 published studies indicated some dif-
ferences in adverse events profiles between BoNT for-
mulations, with a higher rate of dysphagia associated
with Dysport and a higher frequency of dry mouth
associated with Myobloc treatment [40]. Nevertheless,
in summary, there is so far no evidence unequivo-
cally demonstrating superiority of one formulation of
BoNT-A over the others.

Clinical studies with BoNT-A in CD

Off-label treatment of CD patients with BoNT-A was
pioneered in the mid to late 1980s by Tsui and col-
leagues (among others), who published the first sin-
gle-blind pilot study of 12 CD patients [41]. This was
followed 1 year later by the first double-blind study
in 21 patients [42]. Over the following years, approxi-
mately 80 clinical studies have been published that
evaluate BoNT as treatment for CD, most of them
short-term studies, but more recently also including
some long-term observations with up to 12 years of
follow-up. Of these, 14 can be classified as controlled
clinical trials, including seven prospective, double-
blind, randomized studies meeting the criteria for clas-
sification as class I evidence, four with BoNT-A and
three with BoNT-B. Taken together, the results clearly
demonstrate that BoNT, in properly adjusted doses,
is an effective and safe treatment of CD, which has
led to the official recommendation by the American
Academy of Neurology that “BoNT injection should
be offered as a treatment option to patients with CD
(level A) and is probably more efficacious and better
tolerated in patients with CD than trihexyphenidyl
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(level B)” (43). The design and results of a selection of
these studies, based primarily on study design, popu-
lation size and the evaluation of treatment effects by
responder rates and/or percentage improvement, are
summarized in Table 1. Long-term studies demon-
strated continuous efficacy of BoNT treatment over
more than 12 years [44], with muscle weakness in or
around the injected region as the main possible side
effects, which may result in dysphagia, neck pain and
neck muscle weakness. These studies further suggested
a generally low immunogenicity of BONT-A [45]. One
recently published large prospective study in 326
CD patients treated with BONT-A (Botox, new for-
mulation with lower protein load) over an average of
2.5 years, demonstrated a low risk of formation of
nAb, with only four patients (1.2%) developing nAbs
as measured by the mouse protection assay [45.46].
Limited studies with Dysport indicate the probabil-
ity of developing nAbs to be similarly low, between
0 and 3% [44].

Clinical studies with BoNT-B in CD

Since BoNT are bacterial proteins, one major problem
associated with BoNT treatment of CD is the poten-
tial of these proteins to elicit an immunologic response
when injected into humans, with development of nAbs
against the neurotoxin and/or accessory proteins and
subsequent clinical secondary nonresponsiveness.
If this occurs, those patients who require long-term
symptomatic treatment are permanently deprived of
their first-line treatment option. It should be men-
tioned, however, that measurement of nAbs is techni-
cally demanding and that some patients with nAbs, as
measured in the mouse protection assay, may clinically
still respond to BoNT injections. Although the precise
individual risk for development of nAbs in a given
patient is difficult to determine, potential risk factors
include the dose of BoNT used per treatment cycle,
the interval between injections and the formulation
of BoNT, including its total protein load and specific
biological activity [44.45.47]. Accordingly, the introduc-
tion of a new serotype of BoNT into clinical practice,
BoNT-B, with its differing pharmacological proper-
ties, raised hopes that it may represent an alternative
treatment option for such CD patients who have devel-
oped nAbs against BONT-A. So far, six controlled,
multicenter, double-blind studies evaluating the safety
and efficacy of BoNT-B have been published, three
of them placebo-controlled [48-50] and three of them
directly comparing BoNT-A with BoNT-B [s1-53].
In the placebo-controlled studies, TWSTRS scores
improved significantly following BoNT-B treatment.
The comparative studies showed that clinical improve-
ment of CD at 4 weeks after treatment with BoNT-B

was comparable to that after BONT-A treatment, but
autonomic side effects, especially dry mouth and dys-
phagia [s1], and, in one study also constipation [s2],
were significantly more frequent with BoNT-B,
although these side effects were mostly mild and not
disabling, and the frequency of dry mouth appeared to
decrease with subsequent injections [54]. The duration
of effect was slightly shorter with BoNT-B [s1]. This
disadvantageous profile of side effects was confirmed
in further smaller studies [40,5556]. In addition, several
studies or case series suggest a higher antigenicity of
BoNT-B and therefore higher risk of developing nAbs
compared with BoONT-A. In two small case series, five
of nine patients (44%) and six of ten patients devel-
oped nAbs over time [57,58]. In a larger cohort, dosage
had to be increased linearly over time, but neverthe-
less the clinical benefit was clearly diminished [54].
In another large series of 100 patients followed over
an average of 1.5 years, 30% developed nAbs [59]. By
contrast, the risk of nAb formation associated with
BoNT-A treatment appeared to be low, approximately
1.2% with Botox (new formulation with lower pro-
tein load) [45.60] and approximately between 0 and
3% with Dysport, although these latter studies had
some technical limitations [46,61,62]. Based on these
findings, most experts currently suggest that BoNT-A
should generally be considered the front-line treat-
ment for CD, and that BoON'T-B, although it has US
FDA indication for CD in the USA, should primar-
ily be considered as an option for patients who have
developed nAbs against BONT-A (e.g., [63.64]). Other
experts, however, argue that due to methodological
constraints, caution should be used in interpreting the
abovementioned studies and that BoNT-B can also be
used as initial treatment for CD [53].

Ongoing clinical studies

Various clinical trials further evaluating the efficacy
and safety of different formulations of BoNT in
patients with CD are currently underway (actively
recruiting), whereas others have been completed but
results have not yet been published. By examining
(101], the central registry of federally and privately
supported clinical trials conducted in the USA and
around the world, four such studies are listed as
actively recruiting. One prospective case-control study
evaluating the effects of BoONT treatment on affer-
ent sensory input using magnetoencephalography
(NCTO01056861); one prospective observational trial
(Cervical Dystonia Patient Registry for the Observation
of Botulinum Toxin Type A Efficacy [CD-PROBE,
NCT00836017]); one randomized, double-blind study
comparing the efficacy and safety of Botox versus
Dysport in moderate to severe CD (NCT00528541);
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and one randomized, double-blind, crossover study
comparing the clinical efficacy and safety of Dysport
with Botox (NCT00950664). In addition, seven fur-
ther studies, which have been completed but not yet
published are listed (NCT00178945, NCT00702754,
NCT00564681, NCT00549341, NCT00447772,
NCT00015457, NCT00165776 and NCT00407030).
Major features of these studies are summarized in
Table 2. They include one prospective, double-blind,
randomized, placebo-controlled trial evaluating effi-
cacy and safety of Xeomin in BoNT-treated or toxin-
naive patients (233 total), at doses of 120 or 240 U
compared with placebo (NCT00407030) [ComerraC,
Jankovic], TRUONG D, HANSCHMANN A, GRAFE S. UNPUBLISHED DATA].
This study showed, as expected, that Xeomin signifi-
cantly improved TWSTRS total scores from baseline
to week 4 with both dose regimens, with generally mild
side effects, most frequently dysphagia, neck pain, and
muscular weakness. This study had a double-blind
extension phase over 48—68 weeks, which showed
continued improvement in TWSTRS total scores and
subscores [65]. Another large study aimed to analyze the
effectiveness and safety in the treatment of the most fre-
quent subtypes of CD, predominant rotational torticol-
lis or predominant laterocollis, with a standard initial
dose of 500 U Dysport, in a large representative group
of de novo patients (n = 516; NCT00447772). This
study showed that patients with both abovementioned
major subtypes of CD improved equally well, measured
by the Tsui score at week 4 and week 12, with generally
low rates of expected side effects (muscular weakness:
13.6% and dysphagia: 9.9%). The authors concluded
that the proposed treatment algorithm with a standard-
ized, but at the same time individual injection protocol,
was safe and effective in treating heterogeneous types

of CD [66].

Practical considerations

Owing to the complex anatomy of the neck, with 54
different muscles influencing head and neck movements
and shoulder position, and the highly variable clinical
presentation of CD, a thorough clinical examination
prior to the first BONT treatment session, with detailed
identification of appropriate target muscles and release
of potential voluntary compensatory muscle activities
in nondystonic muscles and preventive postures, is cru-
cial to the success of BONT therapy in CD patients.
The choice of muscles to inject critically depends on
the predominant head movement(s): turning, tilting,
ante- or retro-collis and/or shoulder elevation (or a
combination thereof). Commonly injected muscles
include the sternocleidomastoid, splenius capitis, scalene
(anterior, middle and posterior), semispinalis capitis,

trapezius (upper portion), levator scapulae and infra-
hyoid muscles. Depending on the extent of dystonic
muscle activity, injections may be required on one or
both sides; in bilateral injections, a dose reduction is
frequently necessary.

Future perspective

Currently available clinical studies on BoNT therapy
for CD have extensively demonstrated the efficacy and
safety of currently commercially available formulations
of BoNT. Open questions pertain, mainly to attempt
to establish approximate dose-conversion ratios of spe-
cific BONT formulations, to the risk of development
of nAbs associated with different BONT formulations
and to the most effective method for patient evalua-
tion, including selection of which muscles to inject,
especially concerning the routine use of electromyogra-
phy (EMG)-and/or ultrasound-guided injections, and
initial dosage for individual muscles. Although some
studies suggest that the routine use of EMG-guided
injections results in a greater magnitude of improve-
ment [67] as opposed to injections based only on clini-
cal examination, especially in patients with retrocollis,
shoulder elevation and head tilt, in our experience, and
as suggested by other experts, EMG-guided injections
may be helpful in selected patients, but are not recom-
mended on a routine basis. It is predicted that within
the next 5 years more data will become available, espe-
cially on the risk of nAb formation and on attempts to
establish approximate dose-conversion ratios, which
will provide a basis for guidelines on the differential use
of different BoNT formulations, both for toxin-naive
patients, patients previously treated with BoNT and
potentially for secondary nonresponders. It is possible
that within the next 10 years more BoNT formulations
will become commercially available, possibly result-
ing in a further reduced risk of nAb formation and
possibly a reduced economic burden associated with
BoNT treatment.
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Executive summary

Serotypes of botulinum toxin & commercially available preparations

m Seven distinct immunological serotypes can be differentiated, classified into A-G. All commercially available botulinum toxin
(BONT) preparations currently available are either based upon BoNT-A or upon BoNT-B.

m According to currently available data, it is thought that Botox® and Xeomin® are highly similar with respect to their therapeutic
effects and profile of side effects in clinical practice.

m The dose conversion ratio of Botox versus Xeomin appears to be 1:1, whereas that between Botox and Dysport® is estimated to
be between 1:3 and 1:4, and that between Botox and Myobloc™/Neurobloc® between 1:40 and 1:50. However, in clinical practice,
the treating physician must be aware that each brand is unique and that simple dose ratios are not applicable; therefore, caution
should be used, especially when it is necessary to switch between different brands in a given patient.

m Xeomin is a relatively new BoNT-A containing only the active neurotoxin without accessory (complexing) proteins.

Clinical studies with BONT-A

m BoNT, in properly adjusted doses, is an effective and safe treatment of cervical dystonia (CD), should be offered as a treatment
option to patients with cervical dystonia (level A) and is probably more efficacious and better tolerated in patients with CD than
trihexyphenidyl (level B).

m Long-term studies have demonstrated continuous efficacy of BONT treatment for >12 years and generally low immunogenicity of
BoNT-A.

Clinical studies with BoNT-B

m BoNT-B is safe and efficacious in the management of CD, but has a more disadvantageous profile of side effects and a noted
higher antigenicity compared with BONT-A.

m Most experts currently suggest that BONT-A should be considered the front-line treatment for CD and that BoNT-B should

primarily be considered as an option for patients who have developed neutralizing antibodies against BONT-A.
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