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Abstract
Dystonia is a complex disorder with numerous presentations occurring in isolation or in combination with other neurologic
symptoms. Its treatment has been significantly improved with the advent of botulinum toxin and deep brain stimulation in recent
years, though additional investigation is needed to further refine these interventions. Medications are of critical importance in
forms of dopa-responsive dystonia but can be beneficial in other forms of dystonia as well. Many different rehabilitative
paradigms have been studied with variable benefit. There is growing interest in noninvasive stimulation as a potential treatment,
but with limited long-term benefit shown to date, and additional research is needed. This article reviews existing evidence for
treatments from each of these categories. To date, there are many examples of incomplete response to available treatments, and
improved therapies are needed.
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Introduction

Dystonia is a heterogeneous disorder with many etiologies,
varied clinical presentations, and diverse treatment responses.
Despite the considerable progress in our understanding of this
condition, disease-modifying therapies do not exist for most
dystonia types. However, the symptomatic treatment of dys-
tonia has improved markedly since the introduction of botuli-
num toxin (BoNT) and deep brain stimulation surgery (DBS).

Treatments for dystonia must be individualized and tai-
lored to each patient with attention to the patient’s age,
anatomic distribution of dystonic symptoms, and the poten-
tial risk for adverse effects. Treatments may aim to improve
abnormal movements, postures, and discomfort as well as

to manage comorbidities such as mood disorders, contrac-
tures, and orthopedic complications. While a robust evi-
dence base is growing in some areas of dystonia therapeu-
tics, including deep brain stimulation and some aspects of
neurotoxin treatment, there are notable gaps in well-
designed and controlled trials in other areas. Some of the
challenges in designing trials in dystonia include a limited
ability of clinical scales to capture true functional change of
therapies in some dystonia subtypes and the large hetero-
geneity in etiology and clinical features of different forms
of dystonia. Many studies are uncontrolled, present only
short- term follow-up information, and may have
relatively small sample sizes.

In this review, we will outline the few available
pathogenesis-targeted therapies for specific dystonic disorders
and will describe the current symptomatic pharmacologic op-
tions for treatment of dystonia.We will discuss the current use
of BoNTwhich revolutionized the treatment of dystonia when
it was introduced into clinical practice in the late 1980s. We
will also review evidence from ablative surgical procedures
and deep brain stimulation trials, as advances in functional
stereotactic neurosurgery over the past three decades have
markedly widened the scope of dystonia treatment. Finally,
we will provide an overview of evidence for other interven-
tions including various rehabilitative paradigms and noninva-
sive stimulation techniques.
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Pathogenesis-Targeted Therapy

Mechanism-based treatments capable of modifying disease
course and improving outcomes exist for only a small hetero-
geneous group of rare inherited neurological disorders affect-
ing primarily children. Movement disorders, particularly com-
plex dystonia, are relatively common manifestations of these
disorders. Two of the best-known examples include dopa-
responsive dystonia (DRD) and Wilson’s disease. Since these
diseases are rare, much of the evidence for treatment comes
from small studies, mostly single arm, unblinded, and
nonrandomized [1]. In some cases, such as levodopa in
DRD, treatments have become standard of care without ap-
proval from regulatory agencies, and treatment recommenda-
tions are mostly based on consensus opinion and principles of
good clinical practice. For many of these disorders, early di-
agnosis and treatment are paramount to prevent disease pro-
gression and permanent neurological damage. A recent review
by Jinnah et al. from 2018 summarizes many of these disor-
ders with a comprehensive overview of their treatments such
as enzyme replacement therapies, dietary modifications, and
other targeted therapies [2]. Although it is beyond the scope of
this current review to provide detailed therapeutic algorithms
for these disorders, a summary table of the most common
disorders primarily manifesting with dystonia is provided
(Table 1), and we will briefly discuss Wilson’s disease and
DRD.

Dopa-responsive dystonia represents the best example of a
targeted mechanistic therapy in dystonia. DRD encompasses
several clinically and genetically heterogeneous conditions
caused by various defects in dopamine biosynthesis that result
in childhood or early adulthood progressive dystonia, but also
parkinsonism and spasticity, and which often show marked
improvement with levodopa treatment [19]. One form of
DRD, known as Segawa’s disease, is related to deficiencies
in GTP-cyclohydrolase 1 (GTP-CH-1) caused by autosomal
dominant or recessively inherited pathogenic variants in the
GCH1 gene [20, 21]. A second form is caused by a deficiency
of sepiapterin reductase [22] and results from autosomal re-
cessive variants in SPR [23] which lead to disruption of the
biosynthesis of tetrahydrobiopterin (BH4), an essential cofac-
tor for tryptophan hydroxylase and phenylalanine hydroxy-
lase. A third relates to deficiencies in tyrosine hydroxylase
[14] (TH) caused by autosomal recessive variants in THwhich
disrupts dopamine synthesis in its initial and rate-limiting step
[13]. 6-Pyruvol-tetrahydropterin (PTP) synthase encoded by
PTS [17] and dihydropteridine reductase (DHPR) encoded by
QDPR [17, 18] are also involved in the synthesis and regen-
eration of BH4, and their rare deficiency can result in a DRD
phenotype that includes symptoms beyond dystonia [24]. The
aromatic L-amino acid decarboxylase (AADC) is the final
enzyme in the biosynthesis of dopamine and serotonin. Its
def iciency resul ts in a rare autosomal recessive

neurometabolic disorder with a combined deficiency of sero-
tonin, dopamine, norepinephrine, and epinephrine, which is
associated with an early presentation that includes generalized
dystonia [12].

When initiated early, treatment with levodopa combined
with a peripheral decarboxylase inhibitor (and/or BH4 in cer-
tain cases) can prevent the onset and progression of DRD-like
symptoms [13]. Patients with autosomal dominant GTP-CH-I
deficiency usually have an excellent and sustained response to
low doses of levodopa, with minimal wearing off or levodopa-
induced dyskinesia. Those with autosomal recessive or com-
pound heterozygous GTP-CH-I deficiencies may require
higher doses, though still typically have adequate and
sustained responses [18, 25, 26]. These patients may require
additional treatment with BH4 and 5-hydroxytryptophan (5-
HT) [18, 26]. Despite dramatic improvements with levodopa,
residual symptoms even in autosomal dominant GTP-CH-I
deficiency are not uncommon [27] and may require additional
treatments [26, 28] including anticholinergic medications, do-
pamine agonists, botulinum toxin injections, or even DBS
surgery [29]. Tyrosine hydroxylase and sepiapterin reductase
deficiencies can also have a good response to levodopa but the
response may be delayed or incomplete and is commonly
associated with levodopa-induced dyskinesia, especially in
TH deficiency [14, 16, 26, 30]. The pathophysiological basis
of dyskinesia seen in DRD is unclear [13], but is thought to be
unrelated to neurodegeneration and striatal denervation (in
distinction from that seen in Parkinson’s disease) [30]. A
marked and sustained positive response to levodopa without
levodopa-induced dyskinesia is described in PTP synthase
deficiency, though its use is frequently in combination with
BH4 and 5-HT. These patients also tend to display other neu-
rological symptoms including early childhood seizures, spas-
ticity, and cognitive deficits [15, 24, 26]. Motor outcomes for
those with TH, PTP synthase, DHPR, and autosomal recessive
GTP-CH-I deficiencies are less favorable compared to those
with sepiapterin or autosomal dominant GTP-CH-I deficien-
cies [26]. For patients with AADC deficiency, dopamine ag-
onists combinedwith monoamine oxidase inhibitors (MAOIs)
constitute the most common therapeutic approach, and levo-
dopa is less commonly used [12]. These patients generally
have very limited success with treatment [26], but gene ther-
apy has recently shown some promising results [31].
Interestingly, there is some evidence of genotype/treatment
interactions since certain AADC variants that affect levodopa
binding sites tend to show a better response to treatment [12].

Wilson’s disease is caused by autosomal recessively
inherited pathogenic variants in the ATP7B gene, encoding a
copper-transporting P-type ATPase [32]. It is associated with
a variety of movement disorders, frequently including dysto-
nia [4]. The treatment of Wilson’s disease includes copper
chelation (with penicillamine, trientine, or tetrathiomolybdate)
and/or zinc treatment to reduce intestinal copper uptake, as
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well as following a low-copper diet [4]. Early treatment likely
prevents neurological injury [33]. Chelation of heavy metals
using intravenous disodium calcium edetate (EDTA) is used
in the more recently described inherited manganese
transportopathies, conditions that primarily present with pro-
g r e s s i v e c om p l e x d y s t o n i a . T h e s e i n c l u d e
hypermanganesemia with dystonia 1 and hypermanganesemia
with dystonia 2, related to defects in the SLC30A10 and
SLC39A14 genes respectively [3].

Symptomatic Treatments

Medication Therapy

Pharmacological treatments in dystonia include dopaminer-
gic, antidopaminergic, and anticholinergic therapies, baclofen,
benzodiazepines, muscle relaxants, dopamine depleters
(VMAT-2 inhibitors), and others [34]. For many medications,
pharmacological treatment is based largely on empirical expe-
rience rather than scientific rationale given the limited study of
their use in dystonia [35, 36]. Unfortunately, many patients
with dystonia require a combination of oral medications or
other treatments and the number of patients who fail medical
treatment altogether is high due to lack of benefit or poor
tolerability, especially when using high doses of anticholiner-
gic drugs in adults [35].

Dopaminergic and Antidopaminergic Medications

Apart from DRD, levodopa and other dopaminergic treat-
ments have been used symptomatically in other types of dys-
tonia, including acquired forms [37], myoclonus–dystonia,
and rapid-onset dystonia–parkinsonism (RDP) [38]. The
mechanism of action of levodopa in dystonia other than
DRD remains poorly understood, and generally, the response
is not nearly as robust as in DRD.

Myoclonus–dystonia is characterized by early-onset dysto-
nia and myoclonus and is often responsive to alcohol [39].
Most cases are related to mutations in the epsilon–
sarcoglycan gene (SCGE) [39]. Adequate and sustained re-
sponse to levodopa in this condition has been described
[40], though successful treatment usually involves other med-
ications such as benzodiazepines, valproate, levetiracetam, L-
5H-tryptophan, and rarely sodium oxybate [41]. Improvement
with DBS is well documented [42].

RDP, designated as DYT12, is characterized by the rapid
development of focal, segmental, or hemibody dystonia pri-
marily affecting cranial regions and upper limbs, and is caused
by defects in the Na+/K+-ATPase alpha3 gene, ATP1A3 [43].
The phenotype of ATP1A3 defects is broad and can include
bulbar symptoms, parkinsonism, seizures, alternating hemi-
plegia, and psychiatric features. With rare exceptions [44,

45], most patients are unfortunately unresponsive or minimal-
ly responsive to levodopa [43]. Side effects of levodopa in-
clude nausea and vomiting, orthostatic hypotension, and
psychosis.

First-generation dopamine agonists such as apomorphine,
bromocriptine, and lisuride, rarely used clinically now,
showed positive responses in small trials in dystonia [46].
Of possible relevance to the positive response to dopaminergic
treatment seen in some forms of dystonia, a recent study of a
mouse model of generalized dystonia suggests that potentiat-
ing dopamine neurotransmission through coactivation of D1
and D2 receptors may be an effective strategy for the treat-
ment of dystonia [47].

In the past, dopamine receptor-blocking medications were
used extensively to treat dystonia [46, 48–51]. Their use is
nonetheless controversial and currently discouraged because
of their uncertain efficacy [49–51] and extensive side effect
profile, including the potential development of tardive syn-
dromes [35, 52]. One exception is clozapine, a D4 receptor
blocker (with relative sparing of D2 receptors), a drug that
generally does not carry a significant risk of parkinsonism or
tardive syndromes. Clozapine requires frequent blood draws
to monitor for agranulocytosis but has shown efficacy in ad-
dressing tardive syndromes [49, 52, 53].

VMAT-2 Inhibitors for Tardive Dystonia

The treatment of tardive dystonia has shifted since the intro-
duction and widespread use and success of vesicular mono-
amine transporter-2 (VMAT2) inhibitors. The first use of
tetrabenazine (TBZ) for dystonia and other hyperkinetic
movement disorders dates back to the 1970s [54]. TBZ is
rarely used currently as a first-line agent in dystonia, except
in tardive cases [34]. Available in the USA since 2008, TBZ
remains FDA approved only for the management of
Huntington’s disease–related chorea [55], and its use in
tardive dystonia is considered off-label. Observational studies
and small trials support a beneficial effect in tardive dystonia
[56] . Reserpine, a related catecholamine and 5-
hydroxytryptamine depleter used in the past for tardive syn-
dromes, is limited by hypotension and high risk of depression
[34] and is no longer available in the USA.More recently, two
novel VMAT2 inhibitors, deutetrabenazine and valbenazine,
have become available and show improved pharmacodynamic
and pharmacokinetic profiles over TBZ [57]. Both medica-
tions have shown efficacy in double-blind, randomized,
placebo-controlled trials (DBRPCTs) and were FDA ap-
proved for the treatment of tardive dyskinesia in 2017.
Deutetrabenazine, a deuterated version of TBZ, has been eval-
uated in 2 DBRPCTs [58, 59] and one open-label study [60].
Valbenazine, a highly selective reversible VMAT-2 inhibitor
consisting of 3 oxidative TBZmetabolites, has been evaluated
in 4 DBRPCTs [61–64] and one open-label study [65]. Taken
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together, trials for these two drugs enrolled over 1000 patients,
including those with tardive dystonia, representing the largest
controlled drug trials in tardive hyperkinetic movement disor-
ders to date. A recent meta-analysis of all the DBRPCTs con-
firmed the efficacy of VMAT-2 inhibitors for tardive dyski-
nesia as measured by the Abnormal Involuntary Movement
Scale (AIMS) and found no increased risk of adverse effects
versus placebo [66]. There are, however, no head-to-head
comparisons between VMAT-2 inhibitors and other agents.
An open-label study currently underway aims to evaluate
deutetrabenazine specifically in dystonia (Table 2).

Anticholinergic Medications

These medications, considered to be among the most effective
pharmacological agents for dystonia, are used predominately
to treat generalized dystonia but have been shown to benefit
other forms as well [35]. Trihexyphenidyl is the most com-
monly prescribed medication of this class, but benztropine,
ethopropazine, procyclidine, and biperiden have all been used
[34]. Diphenhydramine, a histamine H1 antagonist with anti-
cholinergic properties, has also shown antidystonic effects in a
small trial [67]. Efficacy of anticholinergic drugs in dystonia is
thought to relate to effects on hyperactivity of striatal cholin-
ergic interneurons [68, 69].

Trihexyphenidyl, used since the early 1950s [70], showed a
significant benefit in 22 of 31 adult and pediatric dystonia
patients in a crossover DBRPCT in 1986 (doses up to
120 mg/day), and 42% continued to show a considerable dra-
matic benefit more than 2 years later [71]. An earlier open-
label study in 75 patients showed that high dose
trihexyphenidyl and ethopropazine improved dystonic symp-
toms in 61% of children and 38% of adults [72].
Ethopropazine is not currently available in the USA.
Autonomic side effects of blurred vision from mydriasis, con-
stipation, dry mouth, and urinary retention may be relieved by
pyridostigmine, pilocarpine eye drops, cevimeline, or synthet-
ic saliva [35]. Central side effects, however, including seda-
tion, confusion, mental fogginess, psychosis, and chorea, can
be mitigated only with a decrease in dose, limiting the use of
anticholinergics. Children generally tolerate much higher
doses than adults [73], but school performance should be
closely watched. Slow titration is recommended, from 1 mg
twice daily to doses as high as 80–100 mg/day divided into
three doses as tolerated. These higher doses are typically tol-
erated only in children [35].

Baclofen and Benzodiazepines

Oral baclofen, a GABAB autoreceptor agonist used primarily
in spasticity, is considered by some as the next most effective
agent [35], though there have been no controlled trials of
baclofen or benzodiazepines in dystonia [34]. GABA, an

inhibitory neurotransmitter, plays an integral role in basal gan-
glia circuitry, and impaired GABA control leading to sensori-
motor disinhibition may play a role in dystonia [74].

Open-label and anecdotal data support a beneficial effect of
oral baclofen. A retrospective study in 1988 involving 108
patients showed 20% with adequate response to an average
maximum daily dose of 82 mg (range 25–120 mg) over an
average duration of therapy of 21 months [75]. In a small case
series from 1992, 44% of children with idiopathic dystonia
treated with baclofen had sustained beneficial effects [76],
with improved responses in those with shorter disease dura-
tion. Two other reports have documented improved symptoms
with baclofen in tardive dystonia [77] and in a patient with
Meige syndrome in combination with valproic acid [78]. Side
effects from baclofen include nausea, drowsiness, and dizzi-
ness, and excessive reductions in muscle tone may occur.
Abrupt discontinuation may result in the potentially life-
threatening baclofen withdrawal syndrome.

Following its success in treating spasticity related to spinal
cord injury, intrathecal baclofen (ITB) was utilized for the first
time in dystonia in 1991 to treat an 18-year-old man who
developed refractory axial dystonia after spinal surgery [79];
its use was reported subsequently in dystonic cerebral palsy
[80]. Walker et al. reported the effectiveness of ITB in 14
patients with isolated and acquired dystonia, 5 of whom
showed objective benefit on blinded scales (mean duration
of follow-up 29 months, mean dose 590 μg/day, range 50–
1000 μg/day) [81]. The response to oral baclofen did not
predict the response to ITB. Hou et al. reported an additional
10 patients with severe segmental or generalized dystonia
treated with ITB (mean duration of follow-up 4.7 years) of
whom five had marked improvement, four had mild to mod-
erate improvement, and one had the pump removed [82].
Those with concomitant spasticity and trunk and lower limb
involvement appeared to benefit the most. In the largest pub-
lished series of ITB for severe generalized dystonia including
86 patients (71% secondary to cerebral palsy), pumps were
implanted after successful bolus injections in 77 patients.
Decreased dystonia severity scores and improved quality of
life were shown, with 92% retaining their beneficial responses
at a median follow-up time of 29 months [83].

ITB is currently recommended for patients with refractory
combined dystonia and spasticity predominately affecting the
trunk and lower limbs. Before pump placement, most patients
undergo a trial dose of ITB to assess their expected response.
The most common complications of ITB include constipation,
decreased neck and trunk control, and drowsiness. Surgical
and hardware-related complications including pump malfunc-
tion and infection are unfortunately common [34, 35, 83].

Intraventricular baclofen (IVB) may be an alternative to
ITB in those patients with refractory dystonia who are not
adequate candidates for ITB, or those requiring multiple revi-
sions of ITB pumps [84, 85]. The largest reported case series
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included 20 patients treated with IVB after increasing revision
requirements during ITB therapy. IVB was associated with a
lower revision and complication rate [85].

Benzodiazepines, including diazepam, clonazepam, and
lorazepam are considered to be second or third-line agents in
the management of dystonia [34]. Benzodiazepines bind to
GABAA receptors and increase the opening frequency of a
chloride channel, which facilitates inhibitory signals.
Clonazepam and diazepam are preferred given their longer
half-life but no head-to-head comparisons exist. In a retro-
spective open-label study of 115 patients, the average maxi-
mum dose of clonazepam for those with a good response was
3.7 mg/day. Best responses were achieved in acquired dysto-
nia, but in most patients, anticholinergics were more effective
[75]. Benefit in acquired hemidystonia has been reported [86],
and clonazepam may be particularly helpful in myoclonus–
dystonia [35]. Side effects include somnolence, dizziness,
ataxia, fatigue, depression and behavioral abnormalities, and
abrupt discontinuation may lead to a life-threatening with-
drawal syndrome.

Other Medications and New Developments

Muscle relaxants used in dystonia include cyclobenzaprine,
tizanidine, metaxalone, carisoprodol, methocarbamol,
orphenadrine, and chlorzoxazone [34, 35], with evidence for
their use derived only from anecdotal use or case reports.

Zolpidem, FDA approved in 1992 for short-term treatment
of insomnia, is a nonbenzodiazepine imidazopyridine
GABAA receptor modulator with a high affinity for the
GABA-benzodiazepine subtype receptor BZ1 present in the
basal ganglia. Following reports of its use resulting in motor
benefits in parkinsonism [87], zolpidem was reported to im-
prove cranial symptoms inMeige syndrome [88] and dystonic
symptoms by an average of 54% in three patients with Lubag
dystonia (X-linked dystonia–parkinsonism, DYT3) [89]. An
open-label study in 2012 in 34 patients with diverse dystonia
types (average dose 8–12 mg/day, range 5–20 mg/day)
showed lower dystonia severity scores after treatment, with
improvement comparable to trihexyphenidyl [90]. Sedation
is a dose-limiting factor. Sodium oxybate, a salt of gamma
hydroxybutyrate (GHB) FDA approved for cataplexy and nar-
colepsy since 2002, has been useful in alcohol-responsive
movement disorders, including myoclonus–dystonia [91],
and may have potential benefit in spasmodic dysphonia [34].
Side effects of somnolence, confusion, nausea, and abuse po-
tential limit its use.

Cannabinoids have been evaluated in several neurological
disorders. Improvement from cannabis use has been reported
only anecdotally in cervical dystonia, blepharospasm, focal
hand dystonia, and generalized dystonia [92]. An open-label
prospective study in five patients of cannabidiol 200 to
600mg/day resulted in dose-related improvements in dystonia

rating scales [93]. However, controlled studies have yielded
disappointing results. In one DBRPCT of 15 dystonia pa-
tients, nabilone, a synthetic cannabinoid receptor agonist,
was not effective [94], and a short controlled trial with another
synthetic agent, dronabinol, was not effective in 9 patients
with cervical dystonia [95].

Following reports of benefit in an open-label study in cer-
vical dystonia, mexiletine, an oral antiarrhythmic drug deriv-
ative of lidocaine, was found to be effective in a small con-
trolled trial of 8 patients in 2000 [96], but no further studies
have been performed since. More recent developments in the
pharmacologic management of dystonia include disappoint-
ing results of levetiracetam in oromandibular and cranial dys-
tonia in a small controlled study [97]. However, zonisamide
proved to be tolerable and efficacious for the motor symptoms
of myoclonus–dystonia in a randomized double-blind place-
bo-controlled crossover trial with 24 patients [98].

Despite advances in the understanding of the pathophysi-
ology and genetics of dystonia, there are very few ongoing
clinical trials for symptomatic treatment of dystonia and none
for pharmacological pathogenesis-targeted or disease-
modifying interventions. Currently ongoing or planned phar-
macological trials in patients with dystonia are listed in
Table 2.

Botulinum Toxin Therapy

While blepharospasm and cervical dystonia are the only forms
of dystonia for which there are FDA labels for treatment with
botulinum neurotoxin (BoNT), it is commonly used off-label
and considered first-line therapy in several other forms. As a
general principle, BoNT injections have the benefit of being
highly targeted therapies, potentially avoiding unwanted sys-
temic effects which may be more common concerns with oral
drugs. While multiple class I trials have been conducted in
cervical dystonia (CD), the literature for BoNT treatment of
other forms of dystonia such as oromandibular dystonia and
laryngeal dystonia largely consists of open-label series and
uncontrolled trials.

Cervical Dystonia

There is a high level of evidence for the efficacy of BoNT in
the treatment of CD, with class I trials demonstrating benefit
in all four commercially available formulations in the USA
( on abo t u l i n um t o x i nA , i n c o bo t u l i n um t o x i nA ,
abobotulinumtoxinA, and rimabotulinumtoxinB), all of which
have FDA approval for use in CD. The American Academy of
Neurology (AAN) guidelines offer level A recommendation
for use of abobotulinumtoxinA and rimabotulinumtoxinB in
cervical dystonia, and level B recommendation for use of
incobotulinumtoxinA and onabotulinumtoxinA, based on the
quality of data in the literature supporting their use [99]. The
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use of electromyography (EMG) guidance of injections for
cervical dystonia has been shown to result in a greater degree
of clinical improvement [100], though some argue against its
routine use given increased injection time, expense, and pa-
tient discomfort [101]. One pooled evaluation of adverse ef-
fects across multiple clinical trials for CD including all BoNT
subtypes found weakness, dry mouth, and dysphagia to be the
most commonly reported adverse effects, in 9%, 19%, and
14% of patients respectively. RimabotulinumtoxinB had a
higher incidence of dry mouth than type A BoNT [102].
Among the different subtypes of cervical dystonia,
anterocollis is regarded as a particularly challenging primary
posture to treat with injections, likely related to activation of
less accessible deeper muscles including the longus colli
[103]. The use of auxiliary techniques to assist in safely
targeting the longus colli have been described, including ul-
trasound or fluoroscopic guidance [104, 105]. Other deeper
layer cervical muscles include the obliquus capitis inferior
(OCI), which has been demonstrated to be involved in no–
no head tremor, and for which ultrasound-guided injection
techniques have been described [106, 107]. More recent stud-
ies of BoNT in CD include a completed Phase II trial in a
novel BoNT formulation, DaxibotulinumtoxinA [108] with
a multicenter phase III trial currently underway (Table 2).

Blepharospasm

OnabotulinumtoxinA and incobotulinumtoxinA are FDA ap-
proved for use in blepharospasm. IncobotulinumtoxinA was
initially approved for patients who had previously been treated
with onabotulinumtoxinA, though the FDA label has recently
been expanded to include patients without prior BoNT treat-
ment [109]. The 2016 AAN guidelines for use of BoNT in
movement disorders including blepharospasm found that no
BoNT formulation had sufficient numbers of class I trials in
blepharospasm to merit a level A recommendation, but of-
f e r e d l e v e l B r e c o mm e n d a t i o n f o r u s e o f
onabotulinumtoxinA and incobotulinumtoxinA, class C rec-
ommendation for abobotulinumtoxinA, and insufficient evi-
dence to rate rimabotulinumtoxinB [99]. It concluded that the
three type A toxins appear to have similar efficacy. However,
other reviews offer the important perspective that it is likely
that few controlled studies have been performed in blepharo-
spasm because of the robust effect size and general consensus
that BoNT is considered first-line therapy for the disorder
[110]. In excess of 90% of patients with blepharospasm across
multiple studies experienced improvement with BoNT thera-
py, and the degree of benefit was often greater than 90%
[110].

A general recommendation in the injection technique for
blepharospasm is to avoid using the same pattern with every
patient, as greater efficacy will likely be achieved with an
approach that bases muscle selection and dosing on the pattern

of activity observed on exam [111]. Injection of orbicularis
oculi is universal given eye closure as a defining feature of
blepharospasm, but the selection of the orbital or palpebral
portions of the muscle may depend on patient presentation.
The addition of pretarsal injections has been shown to offer
additional benefit to patients with prior poor response [112].
The procerus and corrugator supercilii muscles can also be
added based on apparent involvement. The use of EMG guid-
ance is not needed for the injections of muscles involved in
blepharospasm. Adverse effects may occur in 3–25% of injec-
tions and include bruising, lagophthalmos, ptosis, entropion,
and diplopia [110].

Oromandibular Dystonia

BoNT therapy is considered first-line treatment for
oromandibular dystonia, though the literature primarily con-
sists of uncontrolled observational reports including small
case series. Classification of oromandibular dystonia (OMD)
is typically based on the primary pattern of jaw movement,
including jaw-opening, jaw-closing, and jaw-deviating forms.
In aggregate, series suggest ~2/3 of patients receiving BoNT
injections experience amoderate or greater degree of improve-
ment [110, 113]. One observational study evaluating 202 pa-
tients with OMD of various subtypes receiving BoNT injec-
tions over a mean period of 4.4 years found the best response
in the jaw-closing cohort. It reported benefit in the injection of
the submentalis complex for jaw-opening forms (including the
geniohyoid, digastric, and mylohyoid), though also noted a
higher complication rate, including dysphagia and dysarthria,
than treatment for the jaw-closing form [113]. Muscle selec-
tion generally depends on the subtype of OMD and may in-
clude bilateral masseter, anterior temporalis, or medial ptery-
goids for jaw-closing subtype, contralateral lateral pterygoid
or ipsilateral anterior temporalis for jaw deviation, and bilat-
eral lateral pterygoids or digastric, platysma, mylohyoid, or
geniohyoid for jaw opening [114]. Two techniques to target
the lateral pterygoid muscles have been described. An external
approach is through the mandibular incisura anterior to the
external auditory canal and near the inferior aspect of the
zygomatic arch. Alternatively, an intra-oral approach may al-
low more precise targeting of the muscle [114, 115]. A recent
small study of abobotulinumtoxinA in 18 patients with OMD
showed improvement compared to baseline at 6 and 12 weeks
in unblinded ratings, but not in blinded video assessments
[116].

Laryngeal Dystonia

Laryngeal dystonia consists of dystonic activity of any of the
laryngeal muscles and can present as spasmodic dysphonia
(SD) in either adductor or abductor forms. More rarely, it
can affect respiratory function, or present as a cough or task-
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specific singer’s dystonia [117, 118]. The first report of botu-
linum toxin injections to target laryngeal dystonia was in the
late 1980s by Brin and Blitzer [119]. Available data are pri-
marily from retrospective case series and open-label studies.
There is only one randomized, double-blind, placebo-
controlled study in adductor SD and with only 13 participants
[120], though there are several additional class III trials. In the
largest series of laryngeal dystonia to date including 1300
patients, 82% presented with adductor type SD and 17% with
abductor SD [117]. Only 13 patients presented with adductor
breathing dystonia and 5 with task-specific singer’s dystonia.
The results of BoNT injection in the adductor SD subgroup in
this series showed an average duration of benefit of 15.1weeks
and an average benefit of 91.2% of normal function as rated
by the patient . Average dose was 0.9 U/0.1 mL
onabotulinumtoxinA per vocal fold. Side effects included
25% with breathy voice and 10% with transient cough on
drinking fluids. Patients with abductor SD received injections
t o e i t h e r u n i l a t e r a l o r b i l a t e r a l p o s t e r i o r
cricoarytenoid muscles, with reported average best voice
70.3% of normal as rated by the patients. Average duration
of benefit was 10.5 weeks. Side effects included 6% with
transient dysphagia to solids and 2% with mild exertional
wheezing.

A much rarer subtype of laryngeal dystonia affects respira-
tory function and has been labeled alternately adductor laryn-
geal breathing dystonia, respiratory type focal laryngeal dys-
tonia, spasmodic laryngeal dyspnea, or respiratory laryngeal
dystonia (RLD) [121]. Diagnosis typically relies on endoscop-
ic visualization of the larynx revealing adduction of the true
vocal folds during inspiration. However, laryngeal dyspnea
related to dystonic activity in adjacent laryngeal regions but
with normal opening of the glottis can occur [122]. Several
series report improvement in RLD symptoms with botulinum
toxin injections [117, 118, 121], though no controlled studies
have been performed. Injections have been described primar-
ily in the adductor compartment, including the lateral
cricothyroid and thyroarytenoid muscles, but ventricular fold
injections are also reported [121]. In one series, 12 patients
received onabotulinumtoxinA injections with an average dose
of 0.6–3.75 units bilaterally and experienced 55% average
improvement over multiple injection sessions with a mean
duration of benefit of 14 weeks [117]. In a more recent series,
11 patients received BoNT injections directed at bilateral
thyroarytenoid muscles, of which 54% experienced adequate
symptom relief. Among those achieving inadequate symptom
relief, however, two (18.2%) ultimately required tracheosto-
my [121].

Focal Hand Dystonia

Focal hand dystonia (FHD) can be divided into task-specific
(e.g. writer’s cramp [WC] or musician’s hand dystonia) and

non task-specific forms. BoNT injection is a common treat-
ment approach for FHD and typically the treatment of choice
[123]. However, in aggregate, reported response rates to
BoNT injections are lower for FHD than cervical dystonia
or blepharospasm, with only approximately 50% of patients
experiencing at least mild benefit in FHD as compared to
about 80% in cervical dystonia or 90% in blepharospasm
[124]. There are few randomized, double-blind placebo-con-
trolled trials of BoNT therapy in FHD, with other available
data coming from open-label series. Controlled trials of BoNT
in FHD were primarily performed in the late 1990s to mid-
2000s [125–128]. Only one is considered a class I trial, in
which 40 participants with WC (excluding those with marked
writer’s tremor) received abobotulinumtoxinA or placebo for
12 weeks in double-blind fashion [125]. The primary outcome
measure was a patient report of a beneficial effect and a stated
preference for continuing treatment. 70% of the treatment
group met the primary outcome measure versus 31.6% of
the placebo group. Adverse effects included a report of hand
weakness in 18 participants receiving abobotulinumtoxinA
and in 2 receiving placebo. All participants were offered
abobotulinumtoxinA treatment in a 1-year follow-up exten-
sion phase of the trial; after the full year, however, only 51%
remained under treatment with positive results. A class II
study with double-blind crossover design included 20 patients
with WC and showed improvement in speed and accuracy
measurements of pen control in the treatment, but not in eval-
uations of writing. Patients with observable wrist deviation
were found to have greater symptom benefit with BoNT in-
jections than those without, suggesting different degrees of
improvement on the basis of postural features of their presen-
tation [126]. Another small class II double-blind crossover
study included a mixed cohort of FHD, including 6 with
WC, 2 with stenographer’s cramp, and 2 with musician’s dys-
tonia. Objective assessments were different for each group
and included a panel review of musical performances by ex-
perts, evaluations of transcription accuracy for stenographers,
and evaluations of writing speed and errors for WC.
Videotaped motor performances were additionally evaluated
by blinded neurologists. Overall, only 4 of the 10 participants
experienced improvement in subjective and objective evalua-
tion in addition to videotaped reviews of motor performance,
but a majority experienced a subjective improvement in addi-
tion to improvement in at least one other assessment category
[127]. A retrospective chart review of 84 patients with musi-
cian’s dystonia receiving abobotulinumtoxinA therapy includ-
ed 81with dystonia affecting the hand, of whom 47% reported
at least moderate improvement by subjective report.
Approximately 58% reported excessive weakness after at least
one injection in the weeks leading up to the period of greatest
benefit. Twenty-four continued with ongoing treatment for an
average of 3 years and up to 7 years, with the forearm flexors
the most frequently injected muscles [129]. Some additional
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long-term follow-up data are available in other open-label
series which show only mild average benefit, but also show
that many patients wished to continue receiving injections for
many years suggesting that even mild benefit was clinically
meaningful [124, 130].

In approaching BoNT injection for FHD, it is important to
obtain as clear an understanding of the pattern of dystonic
posturing as possible, as the correct identification of muscles
to target is critical to achieve good treatment outcomes. It can
be difficult in some cases to distinguish compensatory move-
ments the patient may have adopted in order to counteract a
primary dystonic posture, e.g. extending the wrist in order to
realign a pen that has moved off the intended trajectory due to
dystonic finger flexion. It is important to continually ask a
patient’s perspective on what may be compensatory and to
directly examine the patient engaged in tasks that are affected
by the dystonia, particularly if they have a task-specific form
of FHD such as musician’s dystonia. When examining a mu-
sician playing an instrument, it is important also to clarify
which postures and movements are intended and customary
as part of instrumental technique as opposed to unwanted
dystonic movements or compensatory strategies. When
injecting, the use of anatomic landmarks alone has been
shown to be inaccurate in targeting muscles involved in
FHD, and the use of an ancillary technique to guide injections
such as EMG, ultrasound, or muscle stimulation should be
employed [131].

The research experience outlined for BoNT treatment of
FHD highlights difficulties in trial design, including accurate-
ly capturing treatment benefit, the need for different methods
of assessments and different scales for different forms of
FHD, strong placebo effect in some trials, and possibly vari-
able response to treatment according to different underlying
phenotypes. The ability to achieve adequate targeted symptom
relief without causing excess weakness is of particular con-
cern in FHD, and different injection approaches may yield
highly variable degrees of success. More research is needed
in appropriate muscle selection, dosing, and injection tech-
niques. Additional well-designed controlled trials would be
of value given their scarcity to date. There are several studies
underway, including a placebo-controlled, double-blind, ran-
domized crossover phase 2 trial of incobotulinumtoxinA in
musician’s dystonia affecting the hand, a multicenter dou-
ble-blind, placebo-controlled randomized trial of
incobotulinumtoxinA in FHD, and a trial comparing electrical
stimulation and ultrasound to guide BoNT injections
(Table 2).

Lower Limb Dystonia

While BoNT treatment of lower limb spasticity is FDA ap-
proved for onabotulinumtoxinA and abobotulinumtoxinA, no
BoNT formulation has FDA indication for lower limb

dystonia. There is very sparse literature in BoNT treatment
of isolated lower limb dystonia, with evidence coming only
from uncontrolled trials or case series. The only DBRPCT
conducted in lower limb dystonia included only participants
with Parkinson’s disease (n = 46) with toe-curling dystonia,
but not isolated dystonia [132]. The trial compared injections
of 100 units incobotulinumtoxinA vs placebo in either flexor
digitorum longus or flexor digitorum brevis muscles, with a
total of two injection cycles spaced 3 months apart. The pri-
mary outcome, the average of clinical global impression
(CGI) of change score 6 weeks after each of the injections,
was significantly improved in the active treatment compared
to the placebo group with no significant differences between
the different injection sites. However, no difference was noted
in the Burke-Fahn-Marsden dystonia rating scale (lower limb
item) between treatment and placebo groups. An uncontrolled
series documented improvement in lower limb dystonia with
BoNT injection in Parkinson’s disease patients who had pre-
viously undergone deep brain stimulation surgery [133].
Another uncontrolled pilot study evaluated 14 participants
with lower limb dystonia affecting the foot, 10 with
Parkinson’s disease, and 4 with isolated dystonia.
Participants received between 100 and 300 units
onabotulinumtoxinA to leg and foot muscles and showed im-
provements in stride length, step length, and gait velocity
through gait analysis, in addition to improvements on mea-
sures of pain and mobility [134]. Other case series document-
ed improvement with BoNT injections in 6 of 8 treated pa-
tients with isolated lower limb dystonia [135] and in 6 patients
with exercise-associated isolated lower limb dystonia [136].

Summary

BoNT injections are generally the treatment of choice for focal
dystonia, but the evidence base is quite uneven among differ-
ent forms, with robust trial data in cervical dystonia but min-
imal or no trial data in other forms such as lower limb dysto-
nia. Particularly in limb dystonia, the paucity of trial data and
lack of FDA indication may in some cases lead to difficulty
obtaining insurance coverage for BoNT injections and create
barriers in access to this therapy. Additional well-designed
controlled trials would be of value to the field in clarifying
treatment response, appropriate muscle selection and dosing,
and injection technique.

Neuromodulation

Ablations

Stereotactic thalamotomy was first introduced as a treatment
for dystonia by Irving Cooper in the 1950s, after noticing that
in patients with postencephalitic parkinsonism, focal limb
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dystonia was alleviated following thalamotomies to address
tremors. In a 20-year follow-up of over 200 patients with
genetic and acquired dystonia treated with basal ganglia or
thalamic ablative surgeries, the majority of these patients re-
ported significant improvement (69.7%), including long-term
symptomatic benefit [137]. In this series, younger patients of
Ashkenazi Jewish descent and with a positive family history
of dystonia reported the greatest improvement (85%).
Subsequent studies reported somewhat more modest results
with roughly one quarter to one-half of patients seeing persis-
tent relief [138–140], but still generally supporting Cooper’s
initial claim that the surgeries offered some degree of long-
term efficacy.

With preliminary confidence in the stability of
thalamotomies, as well as the belief that the neurological and
psychological side effects of the surgery were only transient
and due mainly to perilesional edema [141, 142], stereotactic
thalamotomy became the preferred surgical treatment for dys-
tonia from the mid-twentieth century through the 1990s [143].
While it was initially thought that stereotactic thalamotomies
yielded stable long-term benefits, especially when treating
cases of acquired dystonia [138, 140, 144], subsequent reports
documented a subset of patients in whom benefits were not
sustained over time [139, 140, 144].

By the 1990s, lesioning of the globus pallidus internus
(GPi) had been shown to improve levodopa-induced dyski-
nesias and other motor features in patients with Parkinson’s
disease which in turn led to its use in primary generalized
dystonia [145–147]. Shortly thereafter, however, these pro-
cedures were largely replaced by pallidal DBS, often pre-
ferred due to its reversibility and greater tolerability when a
bilateral intervention is needed [147, 148]. DBS remains
the most common neurosurgical intervention for dystonia,
though stereotactic ventro-oral (VO) thalamotomies have
been studied and applied clinically in Japan in recent years
for focal hand dystonia, including musician’s hand dystonia
and writer’s cramp, with unblinded series suggesting ben-
efit [149, 150]. Some have also argued for a continued role
of ablative surgeries in other dystonia patients such as those
who have a higher risk of hardware-related complications
or who live far from surgical centers and may have difficul-
ty attending frequent clinic visits for DBS programming
[151].

The recent approval of magnetic resonance imaging-
guided high-intensity focused ultrasound (MRgFUS) for
Essential Tremor has led to an interest in its possible applica-
tion to other movement disorders including dystonia. This
procedure creates lesions similar to those of older radiofre-
quency stereotactic methods but without the need for a burr
hole [152, 153]. Its use in dystonia has thus far been published
in only two reports, a case series including patients with
writer’s cramp and brachiocervical dystonia and a case report

in musician’s hand dystonia, with improvement documented
in both accounts [154, 155].

Deep Brain Stimulation

The development of stereotactic neurosurgery and the success
of deep brain stimulation (DBS) in Parkinson’s disease and
tremor led to a revolution in the surgical treatment of dystonia.
FDA approved for dystonia since 2003 under a humanitarian
device exemption (HDE), DBS offers several advantages over
ablation procedures, including more favorable side effect pro-
file and adjustability, given the wide array of potential stimu-
lation parameters.

Pallidal DBS

Posteroventral pallidal DBS is considered to be highly effica-
cious for severe, medication refractory, generalized, and seg-
mental dystonias, in addition to some forms of focal dystonia
[156–158]. Long-term motor symptom control and improved
disability and activities of daily living have been demonstrat-
ed, with average improvements ranging from 50 to 60% de-
pending on various factors [158–163]. However, as with DBS
for Parkinson’s disease and essential tremor, symptoms are
often significantly improved but rarely completely absent, ne-
cessitating further improvements in the technique [164].

Pallidal DBS in Generalized and Segmental Dystonia

Several pivotal studies evaluating the effects of pallidal DBS
for dystonia have demonstrated improvement in motor func-
tion, disability, and activities of daily living in isolated
inherited and nongenetic dystonia. A randomized, 12-week,
sham neurostimulation–controlled clinical trial with an addi-
tional 5-year follow-up period provided class I evidence for
efficacy and safety of pallidal DBS in segmental and general-
ized dystonia [156, 160]. This first sham-controlled DBS trial
in dystonia also demonstrated a positive effect of DBS on
health-related quality of life [165]. A subsequent study with
blinded evaluations at 3 months [166], and a 3-year open-label
extension [157], reported similar findings.

Pallidal DBS in Focal Dystonia

A randomized, sham-controlled trial of bilateral pallidal DBS
on 62 patients with cervical dystonia refractory to botulinum
toxin injections also provided class I evidence for this form of
focal dystonia [158]. Case report and open-label evidence ex-
ists for pallidal neurostimulation in less common indications,
such asMeige syndrome [167, 168] and blepharospasm [169].
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Pallidal DBS for Tardive Dystonia

Tardive dystonia is considered to respond particularly well to
pallidal DBS. In a small open-label study of 5 patients with
medically refractory tardive dystonia, pallidal DBS was asso-
ciated with rapid improvement in motor and functional scales
[170]. Another series offered class II evidence for pallidal
DBS in tardive dystonia and demonstrated its cognitive and
psychiatric tolerability, with 19 patients receiving blinded
evaluations at 6 months and with follow-up for up to 11 years
[171]. A subsequent randomized sham neurostimulation trial
did not meet its primary end point at 3 months, attributed to
incomplete recruitment. However, improvements in second-
ary endpoints did provide additional evidence for efficacy and
safety [172].

Variability in Pallidal DBS Outcomes

Despite favorable outcomes, there is wide variability in report-
ed DBS outcomes, and nonresponders are not uncommon
[156] even in experienced surgical centers [143]. This vari-
ability is, in part, dependent on patient selection and dystonia
etiology, among both isolated and combined dystonia [173].
For example, while favorable outcomes are anticipated for
dystonia caused by the GAG deletion in TOR1A and in my-
oclonus–dystonia, outcomes in THAP1 pathogenic variants
are less predictable, and DBS is not helpful in ATP1A3 defects
(RDP) [161, 174]. Location and extent of volume of tissue
activated (VTA) are additional predictive factors of therapeu-
tic efficacy in pallidal DBS [175]. Clinical characteristics that
predict more favorable outcomes include mobile dystonia (as
opposed to fixed postures associated with underlying contrac-
tures); short disease duration; younger age at surgery; lack of
significant medical, cognitive, and psychiatric comorbidities;
and absence of concomitant spasticity or ataxia [163, 173].
Generally, speech and swallowing impairments improve to a
lesser extent than dystonia affecting limb and axial symptoms
[163].

DBS of Nonpallidal Targets

While less studied in dystonia, stimulation of brain targets
other than the globus pallidus has also been shown to lead to
improvement in dystonia. Subthalamic stimulation is the best
documented, and class IV evidence supports its tolerability
and sustained efficacy in cervical, segmental, and generalized
isolated dystonia [176, 177]. Targeting the thalamic ventralis
intermedius nucleus (Vim) is now considered to be an equiv-
alent, or even superior, approach to targeting the globus
pallidus for the management of dystonic tremor, as well as
for cases where tremor is the patient’s most disabling symp-
tom [178, 179].

DBS for Acquired and Heredodenegerative Dystonia

Surgical treatments of acquired and heredodegenerative
forms of dystonia are perceived to be less effective in gen-
eral than of isolated dystonia [180]. Response rates of
pallidal stimulation in acquired dystonia are generally mod-
est and unpredictable, with a mean reduction of dystonia
symptoms of only ~23% and with frequent nonresponder
cases [181]. Greater improvement is seen among younger
individuals and those with anatomical integrity of the basal
ganglia on preoperative imaging [180]. Growing recogni-
tion that brain structures outside the basal ganglia are in-
volved in dystonia pathogenesis as well has prompted pre-
liminary evaluations of alternative targets including the tha-
lamic ventralis oralis posterior (Vop) and Vim [182–184]
nuclei, and deep cerebellar nuclei [185].

DBS Safety Profile and Recent Advances

Surgery-related risks and complications of DBS include
intracerebral hemorrhage (1–2%, including clinically
asymptomatic hemorrhages), seizure (1%), and other rare
surgical complications such as deep venous thrombosis,
pulmonary embolism, pneumonia, and urinary tract infec-
tions [164, 186, 187]. Risks inherently related to the DBS
device include device-related infections, lead migration,
and lead fracture, all of which are more prevalent in youn-
ger patients with dystonia [72]. One large long-term follow-
up series of patients with dystonia related to TOR1A defects
reported an 8.5% incidence of delayed infections or hard-
ware complications requiring reoperation, and a 4.3% rate
of reoperations to reposition leads [188]. Stimulation side
effects, ranging from motor and sensory symptoms to psy-
chiatric and autonomic effects, are reversible, highly vari-
able, and depend on the target and exact location of the
electrodes. In patients with dystonia, speech abnormalities
related to capsular spread are the most commonly reported
stimulation side effect [163]. Bradykinesia, akinesia, and
freezing of gait also have been reported with bilateral
pallidal stimulation [163, 168, 189, 190].

Advances in stereotactic neurosurgery have allowed for
more precise targeting with higher-resolution imaging, and
the ability to implant intracranial electrodes via MR-
guidance under general anesthesia [191]. Recent advances
in DBS include the advent of new devices with additional
programming capabilities, including newer rechargeable
implantable pulse generators (IPGs), and directional leads
allowing current steering which may reduce side effects
related to unwanted stimulation of neighboring areas
[192]. There is also considerable recent interest in closed-
loop (adaptive) DBS paradigms, in which stimulation is
increased or decreased based on neurophysiological bio-
markers detected from the DBS lead. While its use is still
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quite preliminary in dystonia, several studies have identi-
fied features of pallidal low-frequency oscillations which
may serve as potential biomarkers for closed-loop stimula-
tion [193–195].

Noninvasive Neuromodulation

There has long been an interest in designing protocols of non-
invasive stimulation such as transcranial direct current stimu-
lation (tDCS) or transcranial magnetic stimulation (TMS) for
therapeutic benefit for patients with dystonia, particularly for
those who have experienced inadequate benefit from BoNT
injection or are poor candidates for deep brain stimulation. To
date, success has been limited in demonstrating enduring ben-
efits from these approaches, but several studies have pointed
to shorter-term benefits or physiological changes that may
suggest potential for positive impact on dystonia and merit
additional study. In the context of dystonia, noninvasive stim-
ulation has been evaluated primarily in FHD and CD.

Transcranial Magnetic Stimulation

Focal Hand Dystonia

An early open-label study of repetitive TMS (rTMS) targeting
primary motor cortex (M1) in 16 WC patients resulted in
reduced writing pressure and subjective benefit for up to 3 h
[196], though a later single-blinded, sham-controlled trial in 9
patients with WC showed improved handwriting and pen
pressure with the premotor cortex (PMC) but not M1 stimu-
lation [197]. PMC stimulation has been evaluated in several
other studies with variable results. Benefit was seen also in a
partial crossover trial with sham-stimulation control in 3 pa-
tients withWC and 3 with musician’s FHD in which improve-
ment in handwriting was seen after multiple, but not single,
TMS sessions targeting PMC [198]. Another study evaluated
continuous theta burst stimulation (cTBS) to dorsal PMC,
resulting in improved writing speed in 15 WC patients, but
no changes in markers of surround inhibition; however, this
trial had no sham-stimulation comparator, so clinical improve-
ments must be interpreted with caution [199]. Other studies,
however, have demonstrated no clinically meaningful benefit
with rTMS to the PMC in mixed cohorts of WC and FHD
[200, 201]. Other studies in WC include one showing benefit
to writing on objective and subjective evaluations in a double-
blinded crossover trial of 11WC patients with five sessions of
stimulation to primary sensory cortex (S1) [202] and one
showing no measurable benefit with a single session of cere-
bellar theta burst stimulation in a cohort of 10 patients with
WC [203].

Cervical Dystonia

Several studies have evaluated TMS in CD. A protocol of
2 weeks of cerebellar theta burst TMS showed benefit in a
randomized sham-stimulation controlled trial of 20 patients
with CD, with those in the treatment group showing clinical
improvement asmeasured by the TWSTRS scale, though ben-
efit was not seen at 2- or 4-week follow-up [204]. Another
small study with 8 CD patients examined rTMS over several
cortical sites and found no significant improvement in
TWSTRS scores, but saw nonsignificant improvement that
was greatest over dPMC and M1 [205]. An open-label study
of 12 CD patients showed no clinical effect with two 20-min
sessions of stimulation to M1 and S1 [206].

Other Dystonia

There have been few investigations of TMS in other forms of
dystonia, though a randomized, sham-controlled trial evaluat-
ing rTMS to the ACC in 12 patients with blepharospasm
showed objective clinical improvement by blinded video re-
view up to 1 h after stimulation [207]. An evaluation of 10
sessions of rTMS to M1 in a single patient with focal leg
dystonia showed no clinical benefit [208].

Transcranial Direct Current Stimulation and
Transcranial Alternating Current Stimulation

Focal Hand Dystonia and Cervical Dystonia

A number of studies have investigated the use of either cath-
odal or anodal tDCS in FHD, including WC or musician’s
FHD. Many of these showed no clinical benefit [209–212],
though one double-blinded, sham-controlled trial in 30 musi-
cian’s FHD patients showed greater improvement with
biparietal tDCS in conjunction with a rehabilitative program
(“sensory motor retuning” therapy) as compared to the reha-
bilitative program alone [213]. Another blinded sham-
controlled study in 10 pianists with FHD showed improve-
ment in rhythmic accuracy of a repetitive musical passage
after simultaneous cathodal tDCS to M1 contralateral to the
affected hand and anodal tDCS to M1 contralateral to the
unaffected hand, though only in conjunction with a motor
learning task [214]. Isolated evaluations of single patients
have suggested some improvement in CD with anodal tDCS
to the cerebellum [215] and 15-Hz transcranial alternating
current stimulation (tACS) to the sensorimotor cortex [216].

Other Noninvasive Stimulation

In a different noninvasive stimulation modality, a small open-
label study examined the effects of laryngeal vibrotactile stim-
ulation (VTS) in 13 participants with adductor SD, showing
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that vibratory stimuli delivered to the laryngeal area lateral to
the thyroid cartilage were associated with either a reduction in
the number of voice breaks or improvement in acoustic signal
measures of smoothness of speech in 69% [217]. The appli-
cation of VTS was associated with suppression of low-
f requency osc i l l a t ions over somatosensory and
premotor cortex on EEG.

In summary, there is not sufficient evidence to recommend
noninvasive stimulation techniques in the clinical care of dys-
tonia at this time, though several studies suggest PMC as a
potential target in FHD and a limited amount of data suggest
possible benefit with cerebellar stimulation in CD. The use of
noninvasive stimulation in combination with rehabilitation in-
terventions is also a compelling concept with some prelimi-
nary evidence to support further investigation in well-
designed trials.

Rehabilitation Interventions

The literature in rehabilitative approaches for dystonia is
marked by significant heterogeneity of intervention tech-
niques, making it somewhat difficult to pool results and gen-
eralize findings. Their study is additionally difficult due to the
challenge in designing truly blinded control conditions as
comparators. In a recent systematic review of rehabilitative
interventions in dystonia, Prudente and colleagues offered an
approach whereby studies were pooled and evaluated together
on the basis of their primary premise or theoretical basis, even
if precise interventions varied [218]. They grouped studies
into six categories: “movement practice,” in which intensive
motor training is the central intervention; “training with con-
straint,” in which compensatory movements in unaffected
joints are limited by some form of physical restraining; “sen-
sory reorganization,” in which efforts are undertaken in order
to reorganize a deranged cortical sensory map; “normalization
of muscle activity with external techniques,” in which passive
or active external methods are applied to normalize affected
muscle activity, such as biofeedback or kinesiotaping strate-
gies; “neuromodulation with training,” in which a variety of
neuromodulation approaches in combination with motor prac-
tice aim to modify brain excitability to improve voluntary
control; and “compensatory strategies,” in which a modified
movement approach is introduced to compensate for or re-
place an abnormal motor program. This offers a helpful frame-
work by which to categorize individual studies. Utilizing the
GRADE approach [219], they classified the quality of evi-
dence for each category of intervention as represented in the
45 included studies within 4 tiers of GRADE quality ratings
(very low, low, moderate, or high). They concluded that evi-
dence for interventions in all categories was “very low,” with
the exception of the movement practice and the
neuromodulation with training categories which were each

rated as having a “low” level of evidence. Some authors have
suggested that, given the rarity and phenotypic variability in
dystonia, the gold standard of randomized placebo-controlled
trials may not be practical in evaluating rehabilitation inter-
ventions for the condition, and that other study designs using
carefully designed small n methodology be considered [220].

Focal Hand Dystonia

Several different rehabilitative approaches have been de-
scribed in upper limb dystonia. There was previously interest
in constraint-based therapy in occupational hand dystonia in
which the affected forearm and hand were immobilized with a
splint for an extended period of time [221]. However, this
approach has largely fallen out of favor [220]. An alternative
method of constraint-based intervention involves constraining
only the unaffected joints in a hand in order to minimize the
occurrence of compensatorymovements, typically in conjunc-
tion with a motor training program using the dystonic fingers.
This general approach has been variably labeled constraint-
induced therapy (CIT), constraint-inducedmovement therapy,
and sensory motor retuning (SMR) [222–224]. It has been
studied in WC with mild objective benefit on handwriting
after 4 weeks [225]. It has been studied also in musicians with
FHD in several uncontrolled studies [222–224, 226, 227] all
reporting improvement, though one study showed benefit that
varied by instrument type (improvement in 6 pianists and 2
guitarists, but not in 3 wind instrumentalists) [222]. Another
intervention termed “slow-down therapy” showed benefit in
an uncontrolled study of 20 pianists with FHD [228]. In this
method, musical passages were practiced at slow enough a
tempo for dystonic movements to disappear, with very grad-
ual tempo increases over time.

A third type of intervention incorporates a sensory
retraining paradigm as amajor component, given the deranged
boundaries of cortical sensory fields that have been demon-
strated in FHD and the hypothesis that abnormal sensorimotor
integration plays a key role in its pathophysiology [229, 230].
In a study of one such intervention, participants with FHD
learned braille reading and showed improvement in measures
of sensory discrimination and dystonia after 8 weeks [231].
Three participants showed further gains after 1 year of contin-
ued sensory training [232].

Other approaches have combined sensory training with
various motor training protocols. In one study in 11 patients
with FHD, participants received a variety of sensory training
interventions, including reading Braille, identifying shapes,
numbers, or letters drawn onto the hand, and feeling objects
shielded from the field of view and matching the shape with
pictures. They also performed other visualization exercises,
underwent a biofeedback intervention, and performed motor
training exercises focused on normalizing patterns of move-
ments, strengthening hand intrinsic muscles, and improving
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ergonomics of movement. Following the protocol, partici-
pants showed improvements in several sensory measures in
addition to measures of motor control and accuracy [233]. In a
later study, the same authors labeled the approach “learning-
based sensorimotor training (LBSMT),” and designed another
protocol of its use in 13 FHD patients in conjunction with a
home-based fitness program, dietary recommendations, and a
computer-based program purportedly targeting learning and
memory [230]. After an 8-week program, participants showed
improvements inmeasures of sensory discrimination and task-
specific performance. Other authors have pointed out the dif-
ficulty, however, in interpreting results from studies with such
complex and varied protocols and in isolating which interven-
tions were helpful [225].

Bleton and colleagues compared finger representation in
the S1 cortex in 11 WC patients who had experienced sub-
stantial improvement in a rehabilitative program to that of
10 WC patients who had not undergone the program and 11
healthy controls [234]. The rehabilitative program occurred
over several months and consisted of relaxation and other
motor training techniques. The WC cohort that had benefit-
ed from the rehabilitation program showed hand represen-
tation in the S1 cortex with even more clean demarcations
of each finger than healthy controls, whereas the untreated
WC patients showed disorganized finger somatotopy.
While compelling, the lack of randomization limits gener-
alizability of these results as the treated cohort whose cor-
tical somatotopy was evaluated was specifically selected
due to its participants’ significant improvement with reha-
bilitation and whose benefit and pattern of cortical repre-
sentation may therefore have related to factors other than
the intervention itself.

The authors of a recent systematic review [235] of dif-
ferent rehabilitative interventions for musicians with FHD
identified 9 studies reaching their defined inclusion criteria
including studies of CIT [224, 236], LBSMT [237], SMR
[222, 226, 227], and slow-down therapy [228, 238]. They
concluded that there was moderate evidence to support their
use in musicians with FHD but with caveats regarding lack
of reliability or validity testing in many of the outcome
measures in the studies. All but one of the included studies
were Level III or IV evidence, and none was Level I.

Cervical Dystonia

A variety of rehabilitative interventions have been studied in
CD, including in several randomized controlled trials
(RCTs). One randomized 12 participants to either EMG bio-
feedback to try to improve sternocleidomastoid muscle over-
activity or a program of progressive muscle relaxation with-
out the use of EMG biofeedback. Both groups showed re-
duced neck muscle activity, but greater reduction was seen
in the EMG biofeedback group [239]. In contrast, another

RCT randomized 11 patients to either visual video feedback
of head position or visual video feedback plus EMG bio-
feedback and failed to show any improvement in objective
indices of excessive neck activity or head movement in ei-
ther group [240]. However, nearly all participants described
subjective improvement. Another RCT compared a 12-week
program of active neck exercises plus relaxation compared
to a whole-body relaxation program alone in a cohort of 20
participants [241]. The active neck exercises were designed
individually per participant to activate and strengthen mus-
cles of the neck that were in opposition to their dystonic
neck posture. There were no significant differences between
groups in the primary outcome of the Toronto Western
Spasmodic Torticollis Rating Scale (TWSTRS), though
there was a trend toward improvement in the exercise group
that the study may have been underpowered to detect as
significant. Other studies have examined the combination
of BoNT injections and physiotherapy, including a crossover
study with 40 participants randomized to BoNT injections
plus a specific program of physiotherapy or BoNT injections
alone [242]. The BoNT plus physiotherapy intervention was
associated with a longer duration of clinical benefit after
injection and required a lower dose at reinjection, in addition
to greater reductions in measures of disability in activities of
daily living and subjective pain. Another RCT, also with 40
participants, tested BoNT injections combined with a phys-
iotherapy program of stretching, training of voluntary move-
ments, and transcutaneous electrical nerve stimulation
(TENS) [243]. The control group received BoNT injections
combined with a placebo TENS protocol. Those in the
BoNT plus physiotherapy group showed greater improve-
ment in measures of rotational head deviation and in disabil-
ity scores. A more recent trial randomized 26 participants to
BoNT plus physiotherapy or BoNT alone, with greater im-
provement in TWSTRS score in the PT-BoNT than in the
control arm [244]. A third, smaller trial, evaluated BoNT
injections combined with physiotherapy and functional elec-
trical stimulation of muscles that were antagonistic to the
primary dystonic posture as compared to BoNT injection
alone [245]. Cohort assignment was not randomized, but
instead based on patients’ availability to attend PT sessions.
The PT plus BoNT cohort showed improvements in severity
and disability subscales on TWSTRS as compared to im-
provement only in the severity subscale in the control group.
Additionally, the PT plus BoNT cohort showed greater im-
provement in measures of pain and quality of life. The lack
of randomization, however, does limit interpretation of these
results given potential selection bias. A longer-term study
randomized 72 CD patients who were stable on BoNT treat-
ment to either routine or specialized physiotherapy protocols
and followed them for 12 months [246]. The specialized
physiotherapy protocol aimed to strengthen muscles antago-
nistic to the main dystonic posture and to improve motor
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skills with structured feedback. There were no differences
between groups at 12 months in the primary outcome,
TWSTRS scale, though both groups improved on the
TWSTRS disability scale compared to baseline. The special-
ized physiotherapy group did show a greater degree of self-
perceived improvement and also higher scores on a measure
of general health perception.

Conclusions

While progress has been made in recent years in the under-
standing and treatment of dystonia, there is a critical need for
further advances. Botulinum toxin injections and deep brain
stimulation have revolutionized the treatment of dystonia, but
symptom relief may be incomplete and benefit is not universal
to all forms of dystonia. Comprehensive treatment may ulti-
mately rely on multiple different approaches, with variable
combinations of pharmacotherapy, botulinum toxin injec-
tions, rehabilitation, and neuromodulation, rather than relying
on one modality alone. With further understanding of the un-
derlying pathophysiology of dystonia, there hopefully will be
increasingly sophisticated treatments directed at the underly-
ing abnormalities, moving the field closer to true disease-
modifying therapies.

Required Author Forms Disclosure forms provided by the au-
thors are available with the online version of this article.
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