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Dystonia is an uncommon complication of relapsing-remitting multiple sclerosis

(MS) and related disorders. The types of dystonia described associated with MS are

heterogenous, and the relationship between dystonia and MS remains unclear.

Moreover, the anatomical correspondence between MS lesions and the site of

dystonia has not been determined. Onset, treatment response, and outcomes of

dystonia associated with MS still remain largely uncharacterized. Here, we report a

case series of 14 patients with dystonia affecting different body parts in people with

MS and neuromyelitis optica (NMO). We characterize the brain regions associated

with this formof secondary dystonia and the response tobotulinum toxin injections.
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Introduction

Dystonia comprises a heterogenous group of movement abnormalities characterized

by sustained or intermittent muscle contractions causing abnormal postures, repetitive

movements and postures, or both [1]. MS and NMO are inflammatory conditions of the

central nervous system caused by immune dysregulation. The clinical diagnosis of MS

requires the dissemination of lesions in space and time [2]. Diagnostic criteria for NMO

have been established for individuals with and without NMO-IgG antibody seropositivity

[3]. Although dystonia has been reported in people with MS, the clinical-anatomic

relationship between the body part affected by dystonia and the location of demyelinating

plaques in people with either MS or NMO has not been well-described [4].

The primary goal of this case series is to determine the relationship between the

location of demyelinating plaques in the brain or spinal cord and body part affected by

dystonia. Our secondary goal is to report the response to botulinum toxin. We include

patients with dystonia and either MS or NMO that were seen at the Washington

University Movement clinic between 1 January 1996, and 1 August 2022.

Methods

A retrospective chart review was performed. All clinical data from the Washington

University Movement Disorders Center had been stored in an electronic medical record

system implemented in 1995. We searched all outpatient records collected between
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1 January 1996 and 1 April 2022 for the diagnosis of dystonia and

MS using the McDonald Diagnostic Criteria [2, 5] and the

International Consensus for NMO Spectrum Disorders [6].

When available, we recorded age at diagnosis of MS or NMO,

age at onset of dystonia, relevant family history, past neuroleptic

exposure, neurological examination, botulinum toxin used for

treatment and response to injection. In addition, we reviewed

available brain and spine MRIs, and neuroradiology reports

where original imaging was unavailable. All patients with the

diagnosis of MS had evidence of periventricular, juxtacortical, or

infratentorial lesions. Approval for this study was obtained from

Washington University Institutional Review Board (IRB ID

#:202201182).

Cases

We found 14 patients with dystonia and MS or NMO

between ages 13 to 49 (average age 32, Table 1). In two

patients (3 and 7), dystonia began at the onset of MS, and in

patient 10, bilateral arm dystonia occurred 1 year prior to other

MS manifestations. Twelve patients had MS and two had NMO

(5 and 6), as diagnosed by their primary neurologist (1, 3, and 9)

or by a neuroimmunologist/MS specialist. Dystonia was

diagnosed by a movement disorders specialist. Types of

dystonia included focal (n = 8), multifocal (n = 5), and

segmental (n = 1). No individual had a family history of

dystonia. Of note, patient 4 had a 1 year exposure to an anti-

dopaminergic agent prior to the onset of dystonia but had MS for

18 years prior to dystonia onset. This was discontinued at the

time of diagnosis of dystonia but the dystonia did not improve

over the next 15 years. For all participants, we summarized the

regions of demyelination identified on MRI (Figure 1). Table 2

shows the Tsui torticollis rating score for those patients with

cervical dystonia (before and after Botulinum toxin treatment).

2 of 7 cervical dystonia patients did not have Tsui torticollis

rating score performed. In addition, it shows the treatment

including units of botulinum toxin type A, the number of

chemodenervation sessions, and the response to treatment.

Discussion

We present a case series of 14 patients who had dystonia

secondary to multiple sclerosis and NMO. This is the most

extensive case series to date with clinical presentation and MRI

imaging. The locations of the demyelinating lesions were variable

and included the caudate and putamen as well as thalamus, cortex,

brainstem, and cerebellum, which supports the idea that disruption

in either the cortico-ponto-cerebello-thalamo-cortical or the

cortico-basal ganglia-thalamo-cortical could lead to dystonia. We

also reported treatment responses from botulinum injections.

The extant relevant literature includes few cases but does

provide some clinical-anatomic correlations of secondary

dystonias associated with demyelinating disease. One patient

with hemidystonia involving the left upper and lower

extremities was attributed to demyelinating plaques in the

posterolateral spine at C2 and C3 [7]. Another report noted

TABLE 1 Demographic and clinical characteristics of patients.

Patient Age
of
DD

Demyelinating
diagnosis (DD)

Years to onset
of dystonia
symptom

Movement diagnosis;
dystonia (focal, segmental,
multifocal, generalized)

Exposure to anti-DA
or toxins prior to onset
of dystonia

Available MRI
(Y/N)
(Figure 1)

1 39 MS 6 Meige Syndrome (blepharospasm,
cervical dystonia) — segmental

none N

2 43 MS 17 Cervical dystonia — focal none Y

3 27 MS 0 Cervical dystonia — focal none; h/o of encephalitis Y (Read only)

4 27 MS 18 Cervical dystonia with tremor — focal Prochlorperazine for 1 year Y

5 40 NMO 2 Cervical dystonia — focal none Y (Read only)

6 37 NMO 8 Cervical dystonia — focal none Y

7 48 MS 0 L foot dystonia, cervical dystonia with
tremor — multifocal

none Y

8 14 MS 18 R arm and leg dystonia, bilateral upper
and lower bilateral facial dystonia —

multifocal

none Y (Read only)

9 34 MS 4 L arm dystonia — focal none N

10 27 MS −1 Bilateral arm dystonia — multifocal none Y

11 13 MS 26 L>R foot dystonia (toe curling) —
multifocal

none Y

12 24 MS 20 Bilateral foot dystonia — multifocal none N

13 49 MS 2 R LE dystonia (toe curling) — focal none Y

14 38 MS 15 Adductor laryngeal dystonia — focal none N
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blepharospasm in two patients with cortical parietal lobe lesions

that improved after IV methylprednisolone [8]. To date, the

largest case series published describes nine patients with dystonia

and MS, of which three had lesions in the basal ganglia [9]. A

cohort of seven people with dystonia and MS had a variety of

demyelinating plaques found most frequently in the

thalamus [10].

Both generalized dystonia from genetic causes and isolated,

idiopathic cervical dystonia could be due to disruption in the

cortico-ponto-cerebello-thalamo-cortical or the cortico-basal

ganglia-thalamo-cortical pathways [11, 12]. Interestingly, our

patients with dystonia and either MS or NMO also had

demyelinating disease involving the basal ganglia, thalamus,

midbrain, cerebellum, or the spinal cord supporting the

notion that this form of secondary dystonia may share

dysfunction of similar brain networks as idiopathic or genetic

dystonia. Specifically, we found two patients with cerebellar

lesions, four with lesions in basal ganglia, and two with

thalamic lesions. Two cases with cervical dystonia had lesions

in the cerebellum. In addition, all 4 patients with dystonia in

either upper or lower extremities on both sides, had plaques

located in more than one area. Of note, one person (4) with

cervical dystonia had lesions in multiple brain areas including

bilateral putamen, bilateral prefrontal lesions, right posterior

midbrain, and right cerebellum, but we could not identify

which of these lesions specifically contributed to dystonia. We

did not know the temporal relationship between the onset of

these plaques and the onset of dystonia which could have

provided stronger evidence of the clinical pathologic

relationships in these cases. Anatomical or functional lesions

may fall below the sensitivity of MRI detection so visualization on

MR imaging likely does not reveal all relevant pathology.

Dystonia, in general, has traditionally been regarded as

dysfunction of the basal ganglia, implicating the cortico-basal

ganglia-thalmo-cortical circuity. Clinical anatomic studies

initially focused on secondary dystonias found defects of basal

ganglia nuclei. For example, discrete focal lesions often involving

the putamen or striatum may accompany dystonia [13–15].

Resting state functional connectivity also identifies dysfunction

of specific basal ganglia networks [16]. When compared to

healthy volunteers, FDG-PET studies have shown abnormal

activity of posterior putamen, globus pallidus, cerebellum, and

supplementary motor areas in patients with dystonia [17].

The cerebellum and related networks may also play a role in

the pathophysiology of dystonia suggesting dysfunction of the

cortico-ponto-cerebello-thalmo-cortical loop [18, 19]. Patients

with secondary focal neck dystonia often have lesions in the

cerebellum [20–22]. The cerebellum plays a role in networks

involving the striatum so these are not functionally independent

structures; regions of cerebellum project to the cortex via

FIGURE 1
Simplified representation highlighting basal ganglia and critical brain regions of the corticostriato- thalamo circuit. Red color represents cervical
dystonia, while blue represents limb dystonia. (F) is for focal dystonia. (M) is for multifocal. (L) Represents left and (R) represents right.
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ventrolateral thalamus and connect to the striatum via

intralaminar thalamic nuclei [23]. Disruption of cerebellum

circuits have been associated with motor manifestation of

dystonia [24]. Functional magnetic resonance imaging studies

demonstrate abnormal activation in the cerebellum during tasks

of blepharospasm and writer’s cramps [25–27]. Moreover,

histopathological studies from autopsy of cervical dystonia

patients and blepharospasm patients found loss of Purkinje

neurons in the cerebellum [28–30].

Idiopathic dystonia is often treated with botulinum toxin with

good response [31–34]. However, few studies have reported the

efficacy of treating dystonia secondary to demyelinating diseases.

Moreover, there are no randomized clinical trials of any treatments

for dystonia in MS. In 8 of 12 of our patients with plaques involving

the cortico-striato-thalamo tract, clinical observations suggest that

botulinum toxin provided partial to good clinical benefit. Thus

dystonia related to MS or NMO may respond to botulinum toxin,

similar to isolated, idiopathic dystonia. We recognize that this is not

a treatment study with our findings being limited to clinical

observations and self-reports. However, this is similar to the

previously reported 50%–90% of patients with substantial

improvement of dystonic symptoms and dystonia-related pain

[35–38]. Failure of response to botulinum toxin may also be due

to failure to find an optimal dose without side effects (i.e., head drop

in patient 9) which may reflect exacerbation of antecedent weakness

related to MS. These limited observations would support at least a

trial of treatment with botulinum toxin in secondary cases of

dystonia attributed to MS or NMO lesion if no contraindications

exist.

Improved dystonia symptoms after corticosteroid treatment

could suggest that the inflammatory process in MS or NMO

contributed to dystonia [39]. In our case series, we do not have

TABLE 2 History of MS/NMO, dystonia treatment, Tsui torticollis rating scale, and response to Botulinum treatment.

Patient Movement
diagnosis

Tsui torticollis
rating scale
before and after
Btx (if
applicable)

MS/NMO
immunotherapy

Systemic
anti-
spasmodics

Botulinum
injections
(units)

Botulinum
sessions (n)

Response to
Btx (good,
partial,
poor)

1 Cervical dystonia,
blepharospasm

not rated None 40–60 (face) 6 Good

2 Cervical dystonia 15, 15 Dimethyl fumarate 120–270 (neck) 5; ongoing Partial

3 Cervical dystonia 18, 12 None 280 (neck) 2 Good

4 Cervical dystonia
with tremor

12, 9 Dimethyl Fumarate Intrathecal
baclofen

60–200 (neck) 2 Poor

5 Cervical dystonia 7, 4 None 200 (neck) 2 Good

6 Cervical dystonia,
bilateral upper
extremity spasticity

8, 8 Interferon-beta 1b 500 (neck 200,
limbs 300)

8 Good

7 cervical dystonia
with tremor, L foot
dystonia,

not rated None 0

8 R arm and R leg
dystonia, facial
dystonia with
excessive grimacing

n/a Glatiramer acetate 300 (R forearm 50, R
leg 250)

3 Partial

9 L arm dystonia n/a Teriflunomide 320 (L shoulder, arm,
forearm)

7 Poor

10 Bilateral arm
dystonia

n/a Fingolimod 0

11 L>R foot dystonia
(toe curling),
spasticity

n/a Siponimod Baclofen,
tizanidine

600 (L leg 150, R leg
150, L thigh 140, R
thigh 140, L
forearm 20)

30 + Good

12 Bilateral foot
dystonia

n/a None 275 (R leg) 1 Poor

13 R LE dystonia (toe
curling)

n/a Glatiramer acetate 400 (R thigh 100, R
leg 300)

17 Good

14 Adductor laryngeal
dystonia with
pseudobulbar
component

n/a Interferon-beta-1b 7.5 (bilateral vocal
cords)

2 Poor
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sufficient evidence to address this. Although some patients received

corticosteroids, we do not have imaging at the time of symptom

onset that demonstrates contrast enhancement and active

demyelination in regions that may lead to dystonia if damaged.

We also do not have evidence that cervical dystonia improves after

MS treatment, as all these patients were sent to be evaluated in the

movement disorder clinic due to dystonia that was not alleviated by

MS treatment, reflecting the sampling biases of this report.

Conclusion

Demyelinating lesions associated withMS or NMO involving

either the cortico-striato-thalamo or the cerebello-cortical-loop

network circuit can contribute to dystonia. The involvement of

different brain and spinal regions matches that found with other

forms of secondary dystonia (i.e., stroke), and relates to

dysfunction of brain networks found in idiopathic or genetic

forms of dystonia. These cases reveal dysfunction or anatomic

lesions of motor networks involving the cortex, basal ganglia,

midbrain, thalamus, and cerebellum. Treatment of this form of

secondary dystonia in the setting of MS and NMO seems to

respond to botulinum toxin injections similar to idiopathic,

isolated focal and segmental dystonia.
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