
����������
�������

Citation: di Biase, L.; Di Santo, A.;

Caminiti, M.L.; Pecoraro, P.M.; Di

Lazzaro, V. Classification of Dystonia.

Life 2022, 12, 206. https://doi.org/

10.3390/life12020206

Academic Editors: Ryoma Morigaki

and Ryosuke Miyamoto

Received: 13 December 2021

Accepted: 24 January 2022

Published: 29 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

life

Review

Classification of Dystonia
Lazzaro di Biase 1,2,3,* , Alessandro Di Santo 1,2, Maria Letizia Caminiti 1,2, Pasquale Maria Pecoraro 1,2

and Vincenzo Di Lazzaro 1,2

1 Neurology Unit, Campus Bio-Medico University Hospital Foundation, Via Álvaro del Portillo 200,
00128 Rome, Italy; a.disanto@policlinicocampus.it (A.D.S.); m.caminiti@policlinicocampus.it (M.L.C.);
p.pecoraro@policlinicocampus.it (P.M.P.); v.dilazzaro@policlinicocampus.it (V.D.L.)

2 Unit of Neurology, Neurophysiology, Neurobiology, Department of Medicine, Università Campus Bio-Medico
di Roma, Via Álvaro del Portillo 21, 00128 Rome, Italy

3 Brain Innovations Lab, Università Campus Bio-Medico di Roma, Via Álvaro del Portillo 21, 00128 Rome, Italy
* Correspondence: l.dibiase@policlinicocampus.it or lazzaro.dibiase@gmail.com; Tel.: +39-062-2541-1220

Abstract: Dystonia is a hyperkinetic movement disorder characterized by abnormal movement or
posture caused by excessive muscle contraction. Because of its wide clinical spectrum, dystonia
is often underdiagnosed or misdiagnosed. In clinical practice, dystonia could often present in
association with other movement disorders. An accurate physical examination is essential to describe
the correct phenomenology. To help clinicians reaching the proper diagnosis, several classifications of
dystonia have been proposed. The current classification consists of axis I, clinical characteristics, and
axis II, etiology. Through the application of this classification system, movement disorder specialists
could attempt to correctly characterize dystonia and guide patients to the most effective treatment.
The aim of this article is to describe the phenomenological spectrum of dystonia, the last approved
dystonia classification, and new emerging knowledge.

Keywords: dystonia; clinical diagnosis; classification; etiology

1. Introduction

Dystonia is a hyperkinetic movement disorder characterized by sustained or intermit-
tent muscle contractions causing abnormal movement or posture. Dystonia has distinct
clinical features; however, a wide spectrum of phenomenological presentations may be
recognized. Dystonia can present in isolation or in combination with other movement
disorders like chorea, myoclonus, tremor, and parkinsonism [1]. Dystonia is one of the most
underdiagnosed and misdiagnosed movement disorders. The most common misdiagnosis
is between [2]: dystonic tremor and essential tremor, parkinsonian tremor, or psychogenic
tremor; dystonic jerks and myoclonus; tic-like dystonia and Tourette syndrome. To aid
clinicians in reaching the proper diagnosis, several classifications have been proposed over
time. The first classification of dystonia was presented in 1976 [3], and during subsequent
years it was modified several times [4–6]. The last classification was proposed in 2013 and
distinguishes two main axes: axis 1, clinical characteristics, and axis 2, etiology [1]. The
classification of dystonia in a single patient should be considered as a dynamic process,
subject to re-evaluation in the light of the progression of clinical history and new advances
in dystonia research.

The aim of the present review is to describe the phenomenological spectrum of dysto-
nia and to discuss the current classification.

2. Definition of Dystonia

The last definition of dystonia (proposed by a consensus of the Movement Disorder
Society expert members) is articulated in these three sub-definitions [1]:

1. Dystonia is a movement disorder characterized by sustained or intermittent muscle
contractions causing abnormal and often repetitive, movements, postures, or both.
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2. Dystonic movements are typically patterned, twisting, and may be tremulous.
3. Dystonia is often initiated or worsened by voluntary action and associated with

overflow muscle activation.

3. Phenomenological Spectrum

Unlike most branches of Neurology, which aim at defining the localization of the
disease, movement disorder specialists’ priority is to characterize the phenomenology of the
disease. Hence, physical examination plays a role of utmost importance in clinical practice.
To minimize mistakes and variability between specialists, a methodological approach
should be encouraged. The first step in examining a patient affected by a movement
disorder should be to describe the phenomenology of the disease and, in the case of
coexistence of multiple phenomenologies, define the prevailing one and the one manifested
at the onset. Secondly, the phenomenology identified as prevalent should be categorized
as hypokinetic or hyperkinetic. Indeed, movement disorders can be classified into two
main categories: hypokinetic and hyperkinetic. Hypokinetic movement disorders can
be characterized by loss of voluntary and automatic movements, reduced amplitude of
movements, slowness, and rigidity. Hyperkinetic movement disorders are characterized by
abnormal, often repetitive, involuntary movements overlapped to normal motor activity.
Dystonia is a hyperkinetic movement disorder.

Hyperkinetic movement disorders can be categorized according to different cardinal
features [7,8], which describe the movement in terms of (Figure 1): time, space distribution,
and body state’s impact.
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Figure 1. Hyperkinetic movement disorders classification algorithm (modified from [7,8]).

3.1. Time
3.1.1. Rhythmicity

In terms of time, first we describe the rhythmicity [7,8]. A rhythmic movement repeats
over time at a fixed interval of time. If the movement can be defined with a frequency
during an observation period, it has a regular rhythm (e.g., essential tremor, parkinsonian
tremor), if the movement repeats with a more complex temporal pattern, it has an irregular
rhythm (e.g., cortical myoclonus), and finally, if the movement repeats over time at no fixed
interval of time, it is arrhythmic (e.g., chorea, athetosis, ballism, tics, akathitic movements).
Dystonic tremors can have both regular or irregular rhythm, and dystonic movement or
posture are generally arrhythmic. Patients affected by dystonia can be misdiagnosed as
affected by essential tremor if the patient shows a regular rhythmic kinetic or postural
tremor of the arms or of the head, and dystonic posture, which leads to the obfuscation of
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dystonic tremors during the patient’s examination [2,6]. Another possible misdiagnosis in
case of a patient showing a regular rhythmic dystonic tremor at rest is Parkinson’s disease
(PD); indeed, it has been supposed that some patients with a clinical diagnosis of PD and
without evidence of dopaminergic deficit at DATscan (SWEDD) could be patients affected
by dystonic tremor [2,9].

3.1.2. Speed

The second temporal item is the speed ofthe movement [7,8]. It can be very fast, such
as in myoclonus or hemifacial spasm, fast las in ballism or tics, intermediate as in chorea
and tremors, or slow as in athetosis or akathitic movements. Dystonia can show a large
spectrum of speed from very fast in blepharospasm, to fast or intermediate in dystonic
tremor, and slow in dystonic postures.

Sometimes dystonia patients can show, during posture, a dystonic spasm [10] of brief
duration that can be misdiagnosed as myoclonus [2]. In these cases, EMG recordings could
help in differentiating diagnoses since dystonic spasms generally last more than 200 ms [11],
which is higher than myoclonus duration. However, true myoclonus can be also present
in patients with dystonia as reported for some DYT1 [12–14] patients or the combined
syndrome myoclonus-dystonia DYT 11-SGCE [15,16].

3.1.3. Duration of the Muscular Contraction

Finally, in terms of the time spectrum, we need to describe the duration of the muscular
contraction and the duration of the whole movement [7]. The duration of the muscular
contraction can be sustained or not. A sustained muscular contraction is fixed and doesn’t
change during time, unlike the non-sustained muscular contraction. According to the cur-
rent definition, dystonia is a movement disorder characterized by sustained or intermittent
muscle contractions [1]. Dystonia can have two components: the tonic component, which
leads to dystonic postures, and the phasic component, which leads to dystonic movements,
and often these components are both present in the same patient [17,18].

3.1.4. Duration of the Movement

The duration of the movement can be defined as paroxysmal, if the movement repeats
with a sudden recurrence (e.g., paroxysmal dyskinesia, paroxysmal ataxia); continual, if
the movement repeats over and over again without a sudden recurrence (e.g., ballism,
chorea), or continuous, if the movement continues without stopping (e.g., abdominal
dyskinesias) [7]. In general dystonia can be, in term of duration of movement, continual
in dystonic movements or continuous in dystonic postures. In case of continuous and
sustained dystonic posture, the diagnosis is quite simple, but in case of continual dys-
tonic movement, sometimes the differential diagnosis with choreic movement needs more
detailed examination, which will show that the dystonic movement has a clear pattern.
Instead, the choreic movements are characterized by random muscle contractions. How-
ever, dystonia and chorea can be present in the same patient, e.g., in patients affected by
Huntington’s disease [2,4].

3.2. Space Distribution
3.2.1. Body Distribution

According to space characteristics, we can classify hyperkinetic movements according
to body distribution, i.e., the body part involved in the involuntary movement. Dystonia
can be classified as [1]:

• Focal: 1 body part is affected
• Segmental: ≥2 contiguous body parts are affected
• Multifocal: ≥2 non-contiguous body parts are affected
• Hemidistonia: Ipsilateral arm and leg are involved
• Generalized: ≥3 body parts are affected, including the trunk and ≥2 other sites; with

or without leg involvement
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3.2.2. Muscular Pattern

Another important space feature is the muscular pattern activated in dystonia [7]. In
patterned movement, the involuntary movements involve the same group of muscles in
a repetitive way. According to the current definition of dystonia, dystonic movements
are typically patterned [1]; indeed, this feature is one of the most important hallmarks of
dystonia that lets us distinguish dystonia from other not patterned, hyperkinetic movement
disorders, such as chorea or ballism.

3.2.3. Amplitude

Finally, in terms of space characteristics, it is important to define the amplitude of the
movement: large (e.g., ballism), medium (e.g., chorea), or small (e.g., tremor). Generally, in
dystonia, the amplitude of the movement can be small in dystonic tremor or medium in
dystonic movements.

3.3. Body State’s Impact

The last main feature needed to classify a hyperkinetic movement is the impact of
body state on the movement. Can the involuntary movement be modified by a voluntary
movement? Is it suppressible? Is it modified by wakefulness?

3.3.1. Action Rule

First, we need to evaluate the action rule. Some movements are present only during
rest. For example, paradoxical dystonia [19] can be present at rest and disappear during
action. Some movements are present during voluntary movement only. In this case, the
involuntary movement can be triggered by a general movement of a body part (action dys-
tonia, paroxysmal kinesigenic dystonia) or need a specific task to be triggered (task-specific
dystonia) [19]. Other movements are present during both rest and voluntary movement.
Some forms of dystonia are present at rest and worse during voluntary movements [19].

According to the definition, dystonia is often initiated or worsened by voluntary action
and can be associated with overflow muscle activation [1]. Overflow muscle activation is
an involuntary muscle contraction in an anatomic site contiguous to the site involved in the
dystonic movement. This generally occurs at the peak of dystonic movements. [1,17,20,21].

Another important supporting diagnostic feature of dystonia is the presence of mirror
dystonia. When the affected body side is at rest and a specific task is performed by the
unaffected homologous opposite body side, if dystonic movements/postures with the
same or similar features of spontaneous dystonic movements/postures are elicited on
the affected body side, mirror dystonia feature is present [1,17,21]. Generally, at least
three different types of repetitive tasks (e.g., finger sequence, normal writing, or piano-
like movements), should be performed, at low and fast speed, in the unaffected limb to
determine the presence of mirror dystonia [17].

3.3.2. Suppressibility

Another important feature is suppressibility [7,8]. We need to detect if the movement
is totally or partially voluntary suppressible (e.g., stereotypies, tics, akathitic movements),
or if it is not suppressible (e.g., myoclonus).

Some dystonic movements are suppressible, and a typical feature of dystonia is the
presence of the gestes antagonists (or sensory tricks) [22–27].

A sensory trick is a voluntary movement that can alleviate dystonia with a simple
touch and without forcefully contrasting the dystonic movement. The effect of the sensory
trick is reversible and starts at the same time or soon after the sensory trick movement and
disappears when the voluntary movement ends or before its end [17]. The sensory trick is
not only a simple sensory phenomenon but is the result of a complex mechanism, including
alteration in sensorimotor integration [2].
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3.3.3. Wakefulness

Finally, we need to understand the relationship between movement and wakefulness,
e.g., if it is present while awake or sleeping [7]. Some movements appear during sleep only
(e.g., REM sleep behavior disorder, periodic movements in sleep), or persist during sleep
(e.g., spinal myoclonus, myokimia, moving toes) and others are present only while awake.
Except for severe dystonia that can persists during sleep, generally, dystonia is only present
while awake, like most movement disorders.

Dystonia can manifest as the main phenomenological feature of certain diseases
and in combination with other movement disorders, such chorea, myoclonus, tremor,
and parkinsonism. The phenomenological spectrum is very important for profiling the
movement disorder and reaching the correct diagnosis. It is an induction exercise where
we describe all the features of the pathologic movement and at the end, the combination
of these features will tell us if the movement can fit with the definition of dystonia or
other movement disorders. For example, we can hypothesize two specific clinical cases: a
dystonic tremor and a cervical dystonia. If we visit a patient for the first time with dystonic
tremor, following the phenomenological spectrum description this movement could be:

• Time: rhythmic; with intermediate speed; associated with non-sustained (intermittent)
muscular contraction; with a continual duration (repeats over and over again without
a sudden recurrence).

• Space: focal, patterned with a small amplitude.
• Body state: initiated or worsened by voluntary action, not suppressible, and present

during wake only.

Instead, a patient with cervical dystonia could have the following phenomenological
spectrum:

• Time: arrhythmic; with slow speed; associated with sustained muscular contraction;
with a continuous duration (continue without stopping).

• Space: focal, patterned with a small amplitude.
• Body state: present during both rest and action, not suppressible and present during

waking time only.

Even if these are two different movements, both fit the definition of dystonia because
both are patterned movement associated with a pathological muscular contraction, which
is intermittent (phasic) in the case of dystonic tremor and sustained in the case of cervical
dystonia, the tremor can be classified as a dystonic movement and the cervical dystonia as
a dystonic posture.

4. Classifications of Dystonia

Once a movement disorder has been defined as dystonic in nature, further charac-
terization according to current classification should be attempted. Starting with the first
classification in 1976 [3], many classifications have followed [4–6]. Current classification of
dystonia was proposed by a consensus of the Movement Disorder Society expert members
in 2013 [1] (Table 1).

Table 1. Classifications of dystonia.

Year Reference

1976 (Fahn and Eldridge) [3]

1987 (Fahn, Marsden et al.) [4]

1998 (Fahn, Marsden et al.) [5]

2011 (Albanese, Asmus et al.) [6]

2013 (Albanese, Bhatia et al.) [1]
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The classification is not only an intellectual exercise aimed at diagnosing a patient
with the right label, but it is necessary to plan a rational diagnostic approach, defining the
prognosis and the right therapy [1].

The new classification system proposes an innovative view on how to classify dysto-
nia [1]. The classification distinguishes two main axes:

• Axis 1: Clinical characteristics (Figure 2)
• Axis 2: Etiology (Figure 3)
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The two axes are needed since each pattern of clinical characteristics could lead to
different etiologies, and therefore there isn’t a unique link between the clinical spectrum
and the etiology.

In addition, for a single patient the classification on the 2 axes can be updated over
time in a nonparallel way, since the clinical spectrum can evolve during the disease course,
but the etiology remains unchanged unless new evidence updates this axis [1].

Axis 1 allows a snapshot of the clinical features of the patient to be taken and to recog-
nize the syndromic pattern. Axis 1 characterization will orient the selection of diagnostic
tests to define the etiology (i.e., genetic testing, imaging, lab, or instrumental tests) [1].

4.1. Axis I: Clinical Characteristics
4.1.1. Age at Onset

According to age at onset, the new classification includes the following age range [1]:

• Infancy (birth to 2 years)
• Childhood (3–12 years)
• Adolescence (13–20 years)
• Early adulthood (21–40 years)
• Late adulthood (>40 years)

This classification is in line with other neurological disorder classifications and guides
the prognosis and the diagnosis definition. For example, dystonia, in infancy, is often due
to a metabolic disorder [1,28], and dystonia that emerges in childhood could evolve from
focal to generalized, and sporadic types have an onset in adulthood [1].

4.1.2. Body Distribution

Defining the body distribution is important to guide both the prognosis and the
therapy. Dystonia can involve different body parts: the head, the neck, the trunk, or
the limbs [1]. We have already described the definition for dystonia body distribution
in the Phenomenological spectrum/space distribution paragraph. Here we report the
classification list:

• Focal
• Segmental
• Multifocal
• Generalized
• Hemidystonia

4.1.3. Temporal Pattern

As described in the phenomenological spectrum, defining the temporal pattern of a
hyperkinetic movement disorder is mandatory. The dystonia classification includes two
sub-items in temporal pattern: disease course and variability [1].

Disease course:

• Static
• Progressive

Variability:

• Persistent
• Action-specific
• Diurnal fluctuations
• Paroxysmal

The first item is useful to describe the prognosis and the second one to describe when
the clinical manifestation occurs.
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4.1.4. Associated Features

This item of the classification focuses on the clinical spectrum of movement disorders
present in the single patient, and distinguishes the following sub-items [1]:

• Isolated dystonia: dystonia, associated or not with tremors that are the only additional
movement disorder

• Combined dystonia: dystonia is combined with other movement disorders
• Complex dystonia: dystonia is accompanied by neurologic or systemic manifestations

beyond movement disorders

This classification can guide further testing for etiology identification since dystonia
can be a manifestation, for example, of some degenerative parkinsonism, such as progres-
sive supranuclear palsy (PSP) [29] and corticobasal degeneration (CBD) [30,31], and also
of some genetic forms characterized by a combination of different movement disorders
(Figure 2).

The subdivision into isolated or combined dystonias appeared insufficient to include
all the conditions that present dystonia among the clinical manifestations; therefore, a
new category has been proposed, that of complex dystonia [32], in which dystonia is
accompanied by other neurological (non-movement disorders) or systemic manifestations.
A classic example is Wilson disease, characterized by dystonia and other neurological,
psychiatric, and liver manifestations [1,33].

This category encompasses conditions in which dystonia dominates the clinical picture
in the context of a complex phenotype including symptoms other than movement disorder.
Subsequent studies further characterized this new category of dystonia and defined main
clinical and genetic syndromes, which fall in this category [32]. The debate around this new
category was further enriched using whole exome sequencing in patients with early-onset
and familial dystonia, which identified a potential overlap between neurodevelopmental
disorder and dystonia [34–36]. The main point in this type of patient is to distinguish
between dystonia as currently defined and abnormal dystonic postures due to immature or
distorted development [37]. Moreover, a recent review highlighted the overlap between
heritability of psychiatric disorders and genetic dystonia, probably relying on shared
pathophysiological mechanisms [38]. The debate about complex dystonia is still open and
the category of complex dystonia will probably be further enriched.

4.2. Axis II: Etiology

After the clinical spectrum has been defined with Axis 1, the etiology can be defined
with different lab, instrumental, and imaging tests.

Etiology is classified first according to nervous system pathology, with the evidence of
degeneration or structural lesions or no evidence of nervous system involvement.

In addition, dystonia is defined according to cause definition: inherited (proven genetic
origin), acquired (due to a known non genetic specific cause), or idiopathic (Figure 3) [1].

4.2.1. Inherited Dystonia

Genetic transmission could be distinguished as autosomal dominant, autosomal reces-
sive, X-linked recessive, X-linked dominant, and mitochondrial (Table 2). In this section,
the new genetic dystonia nomenclature proposed by MDS Task Force for the Nomenclature
of Genetic Movement Disorders is used [39].

Table 2. Inherited causes of dystonia.

Autosomal Dominant

Disease OMIM Code

- Oppenheim dystonia (DYT-TOR1A) #128100
- Childhood and adult onset-familial cranial limb dystonia (DYT-THAP1) #602629
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Table 2. Cont.

Autosomal Dominant

Disease OMIM Code

- Dopa-responsive dystonia (DYT/PARK-GCH1) #128230
- Rapid-onset dystonia–parkinsonism (DYT/PARK-ATP1A3) #128235
- Myoclonus–dystonia (DYT-SGCE) #159900
- Neuroferritinopathy (NBIA/CHOREA-FTL) #606159
- Dentatorubral-pallidoluysian atrophy #125370
- Huntington’s disease #143100
- Machado–Joseph disease (SCA-ATXN3) #109150
- Creutzfeldt–Jakob disease #123400
- Primary Familial Brain Calcification #213600
- Myclonic-dystonia 26 (DYT-26) #616398
- Dystonia-28 (DYT-KMT2B) #617284
- Dystonia-30 (DYT-30) #619291
- Dystonia-33 (DYT-33) #619687

Autosomal recessive:

- Wilson disease #277900
- Neurodegeneration with brain iron accumulation type 1 (NBIA/DYT-PANK2) #234200
- Neurodegeneration with brain iron accumulation type 2, infantile neuroaxonal
dystrophy (NBIA/DYT/PARK-PLA2G6) #610217

- Aceruloplasminemia (NBIA/DYT/PARK-C) #604290
- Fatty acid hydroxylase-associated neurodegeneration (FAHN)
(HSP/NBIA-FA2H) #612319

- Early-onset parkinsonism (PARK-Parkin) (PARK-PINK1) #608309
- Aromatic-L-amino acid decarboxylase (DYT-DDC) #608643
- Early-onset dystonia with parkinsonism (DYT-PRKRA) #612067
- Niemann–Pick type C #257220
- Juvenile neuronal ceroid-lipofuscinosis (Batten disease) #204200
- GM1 gangliosidosis (DYT/PARK-GLB1) type III, chronic/adult form #230500
- GM2 gangliosidosis #272750
- Metachromatic leukodystrophy #250100
- Homocystinuria #277400
- Glutaric acidemia (DYT/CHOR-GCDH) #231670
- Methylmalonic aciduria (DYT/CHOR-MUT) #251000
- Hartnup disease #234500
- Ataxia telangiectasia #208900
- Friedreich ataxia #229300
- Neuroacanthocytosis #200150
- Dopa-responsive dystonia (DYT/PARK-TH) #605407
- Neuronal intranuclear hyaline inclusion disease #603472
- Hereditary spastic paraplegia (HSP-SPG7) #607259
- Sjögren–Larsson syndrome (ichthyosis, spasticity, intellectual disability) #270200
- Biotin-responsive basal ganglia disease (DYT-SLC19A3) #607483
- Dystonia musculorum deformans 2 (DYT-HPCA) #224500
- Zech-boesch syndrom (DYT-31) #619565

X-linked recessive:

- Dystonia-parkinsonism or Lubag syndrome (DYT/PARK-TAF1) #314250
- Lesch- Nyhan syndrome (DYT/CHOR-HPRT) #300322
- Mohr-Tranebjaerg syndrome (Deafness–dystonia syndrome) (DYT-TIMM8A) #304700

X-linked dominant

- Rett syndrome #312750

Mitochondrial

- Leigh syndrome #256000
- Leber’s hereditary ocular neuropathy plus dystonia (DYT-mt-ND6) #500001

Legend: OMIM code = Online Mendelian Inheritance in Man code.
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4.2.2. Autosomal Dominant

Among autosomal dominant dystonia, several forms of dystonia could be listed:
Oppenheim dystonia (DYT-TOR1A), childhood and adult onset-familial cranial limb dysto-
nia (DYT-THAP1), dopa-responsive dystonia (DYT/PARK-GCH1), rapid-onset dystonia–
parkinsonism (DYT/PARK-ATP1A3), myoclonus–dystonia (DYT-SGCE), neuroferritinopa-
thy (NBIA/CHOREA-FTL), dentatorubral-pallidoluysian atrophy, Huntington disease,
Machado–Joseph disease (SCA-ATXN3), Creutzfeldt–Jakob disease, and Primary Familial
Brain Calcification [7].

Oppenheim dystonia (DYT-TOR1A) is caused by a specific 3-base pair deletion “GAG”
in the coding region for TorsinA in the TOR1A gene [40]. TOR1A mutation has a reduced
penetrance with a variable expressivity ranging from severe childhood-onset generalized to
late-onset focal dystonia, and about two thirds of the mutation carriers remain unaffected
throughout their life [41]. (DYT-TOR1A) dystonia usually begins in childhood, adolescence,
or early adulthood with a mean age of 13 years, a range of 1–28 years with twisting of
an arm or leg and progress to involve other limbs and torso, but usually not the face and
neck [42]. (DYT-TOR1A) dystonia shows an excellent short-term and long-term response
to GPi DBS [43].

Childhood and adult onset familial cranial and limb dystonia (DYT-THAP1) is caused
by a mutation in the THAP1 gene on 8p11.21. Clinical phenotype ranges from childhood to
adult onset, site of onset could be in arm or cranial (including laryngeal), occasionally leg
or neck and usually remains restricted as upper body involvement [7].

Adult-onset familial torticollis (DYT7) is an autosomal dominant form of focal dystonia
not replicated since first described in 1996 in a north German family [44]. In the described
family, this form of dystonia is mostly of adult onset, occasionally in adolescence, and is
limited to neck in 85% of cases [7,44].

Adult-onset familial cervical-cranial predominant dystonia (DYT13) is an autosomal
dominant form of adult onset, focal/segmental dystonia, described in non-Jewish families
that do not link to DYT1 [45,46], two unrelated consanguineous Brazilian families, [47] and
in a German boy [48]. The site of onset is usually in the neck, which continues to dominate,
but dystonia often spreads to involve the cranial structures as well, and occasionally the
arm [7]. However, the status of the mutation is still unconfirmed as it has not been further
replicated [16].

Dopa-responsive dystonia (DYT/PARK-GCH1) is a form of dystonia-parkinsonism
responsible for childhood-onset dystonia with response to low doses of oral administration
of levodopa [49]. This form of dopa-responsive dystonia is characterized by parkinsonian
aspects and diurnal fluctuation of symptoms and was described first in 1979 by Segawa,
hence is known also as Segawa disease [50]. Non-motor features including sleep distur-
bances, mood disorders, and migraine are present in a considerable subset of affected
individuals [51].

Rapid-onset dystonia–parkinsonism (DYT/PARK-ATP1A3) is characterized by a
rostra-caudal gradient of involvement including bulbar regions, without response to l-dopa
therapy [52]. Age of onset is variable, ranging from 4 to 55 years [49].

Myoclonus–dystonia (DYT-SGCE) is inherited in an autosomal dominant manner
with maternal imprinting; most affected individuals inherit the pathogenic variant from
their fathers, while those inheriting the variants from their mothers remain unaffected
throughout their lives. Age of onset is from childhood or adolescence and involves the neck
and upper limbs, while involvement of lower limbs is rare. Myoclonic jerks often affect
the neck, trunk, and upper limbs, and are transiently ameliorated by alcohol intake [16].
Dystonic symptoms scarcely respond to pharmacological therapies, while GPi stimulation
is of great benefit in reducing motor symptoms [53].

Apart from dystonia-myoclonus caused by SGCE, another mutation responsible for
myoclonus-dystonia has been identified as a mutation in the KCTD17 gene. The clinical
syndrome is characterized by autosomal dominant transmission, with onset of myoclonic
jerks of upper limbs in the first or second decades of life. Progressively, the patient develops
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prominent dystonia of the craniocervical regions and of the trunk or lower limbs [54]. More
recently, an atypical presentation with adult-onset of symptoms and phenotypic spectrum
characterized by prominent laryngeal dystonia and subsequent upper limb myoclonus was
described [55].

Neurodegeneration with brain iron accumulation type 3, also called neuroferritinopa-
thy (NB1A/CHOREA-FTL), typically presents with progressive adult-onset chorea or
dystonia affecting one or two limbs, and subtle cognitive deficits. The movement disorder
affects additional limbs within 5 to 10 years and becomes more generalized within 20 years.
When present, asymmetry remains throughout the course of the disorder. Most individuals
develop a characteristic orofacial action-specific dystonia related to speech that leads to
dysarthrophonia. Frontalis overactivity and orolingual dyskinesia are common. Cogni-
tive deficits and behavioral issues become major problems with time [56]. Serum ferritin
levels are low in many males and postmenopausal females, but within normal limits for
premenopausal females. MR brain imaging is abnormal on all affected individuals and one
presymptomatic carrier. A gradient echo brain MRI identifies all symptomatic cases [7].

Dentatorubral-pallidoluysian atrophy (DRPLA) is caused by a CAG trinucleotide
repeat expansion (≥48 tandem copies) in the Atrophin-1 (ATN1) gene [57]. DRPLA has
a median age of onset at 31 years of age with ataxia and cognitive impairment being
cardinal features of the disorder. This disease is characterized by a variable combination of
clinical manifestations including ataxia, myoclonus, seizures, dementia, and choreoathetotic
movements [58]. Cervical dystonia was described as the primary symptom of the affected
members in a family with genetically determined DRPLA [59].

Huntington’s disease (HD) is an autosomal dominant, neurodegenerative disorder
caused by a trinucleotide (CAG) repeat expansion in the huntingtin (HTT) gene [60].
Chorea is the most widely recognized type of movement disorder associated with HD,
although dystonia, tremor, myoclonus, ataxia, and tics are also recognized [61]. In a cohort
of HD patients, dystonia was documented in 91% of cases, with dystonia severity being
positively correlated with the duration of motor symptoms at time of assessment, disease
burden score, and increasing stage of HD. The upper limbs were the most commonly and
severely affected body part, with a reduced functional capacity with worsening dystonic
symptoms [62].

Machado–Joseph disease (SCA-ATXN3) is the most common autosomal dominant
ataxia worldwide [63] and is caused by a trinucleotide (CAG) expansion located in the
10th exon of the ATXN3 gene. Although cerebellar ataxia is the core manifestation of
Machado–Joseph disease, the clinical spectrum is heterogeneous and includes pyramidal
signs, extrapyramidal signs, peripheral neuropathy, and non-motor manifestations [64].
Movement disorders are common in Machado–Joseph disease, and include parkinsonism,
chorea, tremor, myoclonus, and dystonia [64]. Available estimates of dystonia vary between
5.5% and 33% in different series [64]. In Machado–Joseph disease, dystonia could be both
generalized dystonia and focal dystonia [65].

Creutzfeldt-Jakob disease (CJD) is a rare neurodegenerative disease that is mainly
characterized by rapidly progressive dementia, myoclonus, ataxia, visual disturbances,
extrapyramidal and pyramidal involvement, as well as a kinetic mutism [66].

Several movement disorders including myoclonus, dystonia, choreoathetosis, tremor,
hemiballismus, atypical parkinsonian syndromes have been described in a significant
number of patients with sporadic, familial, or a new variant of CJD (v-CJD) [64]. Dystonia
has also been observed, in many cases of sporadic or familial CJD, as an isolated feature or
associated with complex movement disorders. Dystonia, as an early symptom in sporadic
or familial CJD, is rare, usually unilateral, and has distal distribution [64]. Dystonic posture
can be focal, affecting the upper limb or the neck [64], segmental [67], or hemidystonia [68].
Generalized dystonia has been more commonly reported at later stages of the disease and
is sometimes preceded by focal or hemidystonia that had progressively worsened [64].

Primary Familial Brain Calcification is characterized by genetic heterogeneity. This
term refers to genetically determined calcification, not only of the basal ganglia but also of
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other brain structures, in the absence of a known metabolic, toxic, infectious, or traumatic
etiology [39]. This condition can be associated with various neuropsychiatric symptoms,
most frequently movement disorders, such as parkinsonism, dystonia, chorea, ataxia,
tremor [39]. Four types of genetically determined brain calcification have been identi-
fied: PFBC-SLC20A2, PFBC-PDGFRB, PFBC-PDGFB, and PFBC-XPR1. PFBC-SLC20A2 is
characterized by mixed movement disorder, with dystonia, parkinsonism, and cognitive
disfunction [64]. PFBC-PDGFRB differs from the previous one only for the predominance of
parkinsonism [69]. In PFBC-PDGFRB, dystonia may predominate [64], whereas PFBC-XPR1
is often asymptomatic and clinically heterogeneous [70].

Mutations of the KMT2B gene cause childhood-onset generalized dystonia transmitted
in an autosomal dominant manner. The disease usually begins in lower limbs, and later
progresses to other regions with variable severity. Moreover, non-motor symptoms are a
characteristic of KMT2B dystonia, along with neurodevelopmental disorder, dysmorphic
features, and developmental delay [71].

Recently, analysis of whole-exome sequencing data in a cohort of patients allowed
Steel et al. to highlight the role of VPS16 mutation in genetic dystonia [72]. This mutation is
transmitted in an autosomal dominant manner and belongs to a group of neurologic condi-
tions known as “HOPS-associated neurologic disorders’ (HOPSANDs)”, which are caused
by mutations in genes encoding various components of the autophagic/endolysosomal
system [73]. Dystonia is associated with mutation in the VPS16 gene, previously known
as Dystonia 30 (DYT30), in a childhood-onset dystonia characterized by prominent oro-
mandibular, cervical, bulbar, or upper limb dystonia, followed by slow progression to
generalized dystonia. Neurocognitive impairment with mild intellectual disability and
psychiatric manifestation can be detected in some groups of patients [72].

We included DYT-33 in the autosomal dominant group of inherited dystonia because
the majority of patients carry a heterozygous mutation with incomplete penetrance and
variable expressivity in the EIF2AK2 gene; only one case of homozygous mutation was
described. This form of genetic dystonia begins in childhood or adolescence, as a focal
or generalized dystonia with slow progression to ambulatory difficulties, dysarthria, and
dysphagia. However, the clinical phenotype is variable and more complex neurologic
disorders with motor delay, lower limb spasticity, mild developmental delay with cognitive
impairments, and nonspecific brain imaging abnormalities were described [74]. One case
of DYT-33 dystonia responsive to globus pallidus DBS was described [75].

4.2.3. Autosomal Recessive

The list of autosomal recessive forms of inherited dystonia is continuously growing.
Among autosomal recessive dystonia, one can distinguish dystonia-parkinsonism syn-
dromes, such as DYT-PRKRA, dopa-responsive dystonia, such as DYT/PARK-TH, dystonia
associated with neurodegeneration, and brain iron accumulation (NBIA/DYT-PANK2,
NBIA/DYT/PARK-PLA2G6; aceruloplasminemia, fatty acid hydroxylase-associated neu-
rodegeneration). Autosomal recessive dystonia is also associated with numerous metabolic
diseases (Wilson disease, glutaric acidemia, homocystinuria, Niemann-Pick type 2, GM1
and GM2 gangliosidosis, etc.).

Wilson disease is a rare autosomal recessive genetic disorder of copper metabolism
caused by a mutation in the gene ATP7B on chromosome 13 [64]. Wilson disease is an
important cause of early-onset parkinsonism and dystonia [76]. Most common neurological
symptoms are a characteristic flapping tremor, dysarthria, psychiatric symptoms, and age
of onset is the first and second decade of life [64]. Dystonia is also a common symptom,
present in around two-thirds of patients and can evolve from focal to generalized as the
disease progresses [77]. Focal forms of dystonia include blepharospasm, cervical dystonia,
or risus sardonicus [76].

Neurodegeneration with brain iron accumulation (NBIA) is a group of inherited
neurologic disorders characterized by abnormal accumulation of iron in the basal ganglia
(most often in the globus pallidus and/or substantia nigra) [78]. The gene for autosomal
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recessive neurodegeneration with brain iron accumulation type 1 (NBIA/DYT-PANK2,
formerly known as Hallervorden–Spatz syndrome) has been identified as pantothenate
kinase (PANK2) [64]. Two clinical forms of PANK2, can be described: the “classic/early”,
with rapid progression, gait abnormalities at age ~3 years, and the “typical” PANK2,
with onset >10 years and a slower progression. Both forms are clinically characterized
by dysarthria, progressive dystonia, rigidity, spasticity, hyperreflexia, extensor toe signs.
Retinal degeneration is common and may be detected by electroretinogram several years
before onset of visual symptoms. Neuropsychiatric symptoms are more frequent in later-
onset form [78].

PLA2G6-associated neurodegeneration (NBIA/DYT/PARK-PLA2G6) comprises a
continuum of three phenotypes with overlapping clinical and radiologic features: infantile
neuroaxonal dystrophy (INAD), atypical neuroaxonal dystrophy (atypical NAD), and
PLA2G6 -related dystonia-parkinsonism.

INAD usually begins between ages six months and three years with psychomotor
regression or delay, hypotonia, and progressive spastic tetraparesis. Many affected children
never learn to walk or lose the ability shortly after attaining it. Strabismus, nystagmus,
and optic atrophy are common. Disease progression is rapid, resulting in severe spasticity,
progressive cognitive decline, and visual impairment. Many affected children do not
survive beyond their first decade. Atypical NAD shows more phenotypic variability than
INAD. In general, onset is in early childhood but can be as late as the end of the second
decade. The presenting signs may be gait instability, ataxia, or speech delay and autistic
features, which are sometimes the only evidence of disease for a year or more. Strabismus,
nystagmus, and optic atrophy are common. Neuropsychiatric disturbances including
impulsivity, poor attention span, hyperactivity, and emotional lability are also common.
The course is stable during early childhood and resembles static encephalopathy but is
followed by neurologic deterioration between ages seven and 12 years [78].

PLA2G6-related dystonia-parkinsonism has a variable age of onset, but most individu-
als present in early adulthood with gait disturbance or neuropsychiatric changes. Affected
individuals consistently develop dystonia and parkinsonism (which may be accompanied
by rapid cognitive decline) in their late teens and into their early twenties. Dystonia is most
common in the hands and feet but may be more generalized. The most common features of
parkinsonism in these individuals are bradykinesia, resting tremor, rigidity, and postural
instability [78].

Aceruloplasminemia (NBIA/DYT/PARK-C) is a disorder of iron metabolism caused
by the complete absence of ceruloplasmin ferroxidase activity, is associated with very
low to absent serum ceruloplasmin and some combination of the following: low serum
copper concentration, low serum iron concentration, high serum ferritin concentration, and
increased hepatic iron concentration [79]. Aceruloplasminemia (NBIA/DYT/PARK-C) is
characterized by iron accumulation in the brain and viscera. The clinical triad of retinal
degeneration, diabetes mellitus (DM), and neurologic disease is seen in individuals ranging
from age 30 years to older than 70 years. The neurologic findings of movement disorders
(blepharospasm, grimacing, facial and neck dystonia, tremors, chorea) and ataxia (gait
ataxia, dysarthria) correspond to regions of iron deposition in the brain [79].

Fatty acid hydroxylase-associated neurodegeneration (FAHN) (HSP/NBIA-FA2H) is
characterized early in the disease course by central nervous system involvement including
corticospinal tract involvement (spasticity), mixed movement disorder (ataxia/dystonia),
and eye findings (optic atrophy, oculomotor abnormalities), and, later in the disease course,
by progressive intellectual impairment and seizures. With disease progression, dystonia
and spasticity compromise the ability to ambulate, leading to wheelchair dependence.
Life expectancy is variable. FAHN is a subtype of neurodegeneration with brain iron
accumulation (NBIA) [78].

The PARK-Parkin monogenic form of PD is characterized by young or very young age
at onset, a good and lasting effect of levodopa, and a lower risk for non-motor symptoms,
such as cognitive decline and dysautonomia [80]. Lower limb dystonia, along with rigidity,
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hyperreflexia, and psychiatric symptoms have been described [79]. Another form of early-
onset PD with dystonia is caused by homozygous mutations in phosphatase and tensin
homolog-induced putative kinase1 (PARK-PINK1) [81].

DYT/PARK-TH dystonia is a form of partially dopa-responsive infancy-onset dystonia
caused by tyrosine hydroxylase deficiency [49]. This form of dystonia is much more
severe than dopa-responsive dystonia caused by mutation in GCH1 gene, inherited in an
autosomal dominant fashion [82]. DYT/PARK-TH dystonia is characterized by diurnal
fluctuation of symptoms, bradykinesia, hypotonia, autonomic disturbances, ptosis, and
oculogyric crises [49].

DYT-PRKRA is an autosomal recessive gene inherited form of dystonia, characterized
by oromandibular involvement, dysphagia, and retrocollis [49]. Parkinsonian features are
mild (or even absent) and do not respond to levodopa therapy [47].

Aromatic-L-amino acid decarboxylase (DYT-DDC) deficiency is a rare autosomal
recessive genetic disorder with clinical impacts principally attributable to its effects on
neurotransmitter synthesis [83]. The most common symptoms of aromatic-L-amino acid
deficiency, each of which was reported in ≥65% of confirmed patients, were hypotonia
(typically axial; may be accompanied by limb hypertonia), movement disorders (most fre-
quently oculogyric crises and/or dystonia), development delay, and autonomic symptoms
(typically ptosis and/or excessive sweating) [83].

Niemann-Pick type C (NP-C) is a rare autosomal recessive neurodegenerative disorder
with an estimated incidence of 1 per 120.000 live births [84]. The disorder is caused by
mutations in the NP-C 1 (95%) or NP-C 2 gene (5%). Although the exact cellular functions of
the proteins remain to be elucidated, they are involved in cellular lipid transport/trafficking
and mutated proteins lead to (lysosomal) accumulation of lipids. Lipid storage products
accumulate in many organs, including the brain, resulting in cerebral degeneration with
progressive neurological symptoms, cognitive decline, and psychiatric symptoms. NP-C is
a very heterogeneous disorder regarding age of onset and clinical presentation. The age of
onset can vary from the newborn period to adulthood [85].

The neuronal ceroid lipofuscinoses (NCLs) represent a heterogeneous group of genet-
ically determined neurodegenerative conditions that are characterized by a progressive
decline of cognitive and motor capacities, retinopathy evolving into blindness, variable
cerebellar atrophy, and myoclonic epilepsy, leading to significantly decreased life ex-
pectancy [86]. Recently, a case of status dystonicus associated with CLN8 disease was
described [87].

GM1 gangliosidosis is a rare inborn error of metabolism caused by mutations in
the galactosidase beta 1 (GLB1) gene leading to a deficiency in the lysosomal enzyme b-
galactosidase. This enzyme is involved in the degradation of glycoproteins, glycolipids, and
keratan sulfate [88]. GM1 gangliosidosis type III, chronic/adult form (DYT/PARK-GLB1)
is characterized by dystonia, parkinsonism, and additional clinical features: pyramidal
signs, dysarthria, cognitive deficits (often mild initially), skeletal abnormalities and short
statue, corneal clouding, vacuolated cells, cardiomyopathy, and progressive disease [79].

The spectrum of phenotypes resulting from storage of GM2 ganglioside caused by
6-hexosaminidase deficiencies is now quite large. Late infantile or juvenile GM2 gangliosi-
dosis has its onset between 1 and 9 years of age and shows variable features including
ataxia, seizures, myoclonus, and, less frequently, cherry-red spots. Dementia is always
present [89]. Unsteadiness of gait occurs early in the disease, and later, dysarthria and
dementia. The clinical picture is dominated by dystonia and choreiform movements; cere-
bellar ataxia or spinocerebellar degeneration has been reported as the presenting feature in
23 patients with late-onset GM2 gangliosidosis [79].

Metachromatic leukodystrophy is an inherited lysosomal disorder caused by recessive
mutations in ARSA encoding arylsulfatase A. Low activity of arylsulfatase A results in
the accumulation of sulfatides in the central and peripheral nervous system, leading to
demyelination. The disease is classified in a late-infantile, juvenile, and adult-onset type



Life 2022, 12, 206 15 of 28

based on the age of onset, all characterized by a variety of neurological symptoms, which
eventually lead to death if untreated [90].

Several inherited defects of sulfur amino acid metabolism may result in homocystin-
uria (HCU). The most common is a recessively inherited deficiency of the enzyme cystathio-
nine beta-synthase leading to impaired transformation of homocysteine to cystathionine
and elevated levels of plasma homocysteine and methionine [91]. Neurological involve-
ment may occur in the form of cerebral thrombotic episodes, seizures, mental retardation,
and dystonia [79].

The most common among the organic acidurias, glutaric aciduria type 1 (DYT/CHOR-
GCDH), often presents with prominent movement disorders, such as dystonia, parkinson-
ism, and chorea [76]. GA-1 is caused by autosomal-recessive mutations in glutaryl CoA
dehydrogenase [92], leading to a deficiency in this enzyme and subsequent accumulation
of neuro- toxic metabolites, 3-hydroxyglutaric acid and glutaric acid [93].

Isolated methylmalonic aciduria (DYT/CHOR-MUT) is an autosomal-recessive disor-
der of amino acid metabolism caused by impaired activity of the methylmalonyl-coenzyme
A mutase enzyme [94]. Although it is primarily a pediatric disorder, undiagnosed cases
may present to adult neurologists. Movement disorders (dystonia, chorea, myoclonus, and
tremor) occur in 30% to 45% of cases [94].

Hartnup disease (HD) is an autosomal recessive condition characterized by a defect
in renal and intestinal membrane transport of mono amino-monocarboxylic acids [95].
Decreased renal tubular reabsorption results in an increase in urine concentration of these
amino acids and a characteristic urine amino acid chromatographic pattern, which provides
the only accurate diagnostic test for HD. As a result of both decreased intestinal absorption
and renal tubular reabsorption, the serum concentration of many amino acids may be
decreased [96]. It appears that HD is mainly an asymptomatic disorder unless there is
inadequate nutrition in the patient. The usual clinical manifestations of rare symptomatic
HD are intermittent, pellagra-like skin rashes, reversible attacks of cerebellar ataxia, and
occasionally behavioral changes, ranging from emotional instability to psychosis and
delirium. Some patients are mildly retarded. A case of an HD-presenting patient with
intermittent dystonia has been described [96].

Ataxia–telangiectasia (A–T) is a clinically heterogeneous disorder, with autosomal re-
cessive inheritance caused by mutations in the A–T mutated (ATM) gene [97]. Even though
the typical phenotype of A–T is characterized by cerebellar ataxia, oculocutaneous telang-
iectasia, and oculomotor apraxia during early childhood, various atypical phenotypes,
including later age of onset, absence of ataxia or telangiectasia, and higher survival rate,
were also reported [98]. Additionally, besides cerebellar ataxia, various extrapyramidal
signs could commonly manifest in A–T patients even without typical characteristics [99].
In particular, dystonia is the second most frequent initial symptom other than ataxia, and
the second most prevalent movement disorder following myoclonus during the overall
disease course [97].

Friedreich ataxia (FRDA) is the most common of the hereditary ataxias. It is due to
GAA triplet repeat expansion in the intronic portion of the frataxin gene [100]. Although a
few patients have been found to have point mutations in the frataxin gene [94], the majority
have been found to be homozygous for the unstable GAA expansion. With an average
age of onset of 10–15 years, FRDA causes progressive ataxia of limbs and gait, dysarthria,
cardiomyopathy and an increased rate of diabetes mellitus. Dystonia had been described
as a rare feature of FRDA, both focal and segmental [94].

Neuroacanthocytosis is a rare group of neurodegenerative disorders associated with
widespread, non-specific nervous system symptoms or acanthocytosis [101]. Neuroacan-
thocytotis encompasses chorea-acanthocytosis, McLeod syndrome, pantothenate kinase-
associated neurodegeneration, and Huntington’s disease-like 2 [102]. The core symptom
is basal ganglia degeneration, especially ataxia caused by striatum degeneration [101].
Dystonia is also a common feature, particularly in McLeod syndrome and Huntington’s
disease-like 2.
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Neuronal intranuclear inclusion disease (NIID), also known as neuronal intranu-
clear hyaline inclusion disease (NIHID), is a very rare neurodegenerative disorder char-
acterized by the presence of eosinophilic intranuclear inclusions in neuronal and glial
cells [103]. Among the numerous neurologic manifestations, craniocervical dystonia [104],
axial dystonia [105], lower limb dystonia [106], and dopa-responsive dystonia have been
reported [103].

Hereditary spastic paraplegias (HSPs) are rare neurologic disorders that are genetically
and clinically heterogeneous [107]. Dystonia has been described in spastic paraplegia type
7 (HSP-SPG7), an autosomal recessive type of HSP that clinically encompasses pure and
complex forms. Two patients with cervical dystonia have been described and also a case
of a patient who presented with limb dystonia and was found to have HSP associated
with a rare compound heterozygous SPG7 mutation [107], dysphagia [108], myopathy and
amyotrophy [109], optic neuropathy or atrophy [110], sensory changes [109], vestibular
dysfunction [111], and intellectual disability [112].

Sjogren–Larsson syndrome (HSP-ALDH3A2) (SLS) is a rare autosomal recessive neu-
rocutaneous disorder characterized by ichthyosis, spastic di- or tetraplegia and mental
retardation, caused by an enzymatic defect in fatty alcohol oxidation [113]. A case of
generalized dystonia in SLS was described [114]. Biotin-responsive basal ganglia disease
(DYT-SLC19A3) is a recessive disorder caused by mutations of the SLC19A3 gene, coding
for a transporter related to the reduced-folate and thiamin [115]. Clinical manifestations
are characterized as subacute to acute encephalopathy, sudden loss of developmental
milestones, inability to swallow, loss of speech (or slurred speech), loss of motor function,
with development of quadriparesis or quadriplegia, and seizures. Left untreated, the
disorder results in a chronic or slowly progressive encephalopathy, with an akinetic mute
state, permanent loss of speech and comprehension, and eventual death. Dystonia and
progressive cogwheel rigidity are accompanying features [115].

In the nomenclature of genetic movement disorders, some genetically determined
dystonias waited for independent confirmation [39]. One of these was the DYT 2, a form of
childhood-adolescence onset dystonia. Atasu et al. confirmed the mutation in the HPCA
(hippocalcine) gene, transmitted in an autosomal recessive manner, as the genetic cause of
the DYT2 dystonic syndrome. The phenotypic characterization is variable and includes
childhood-onset of generalized dystonia, adolescence-onset of segmental dystonia and a
more severe phenotype in which generalized dystonia is accompanied by febrile seizures,
dysarthria, and learning difficulties [116].

A novel form of autosomal, recessive-inherited dystonia is caused by mutation in the
AOEP gene and corresponds to the Dystonia 31 syndrome. It is a generalized dystonia
with a variable onset of symptoms, from 9 to 36 years, with prominent involvement of the
upper limbs. The disease course is progressive and speech articulation difficulties, muscle
cramping and pain, orofacial dyskinesia, and swallowing dysfunction were described. In
a French family, late onset parkinsonism with prominent bradikynesia, dysarthria, and
frequent falls was described [117].

4.2.4. X-Linked Recessive

Dystonia-parkinsonism or Lubag sydnrome (DYT/PARK-TAF1) is the only known X-
linked form of isolated or combined dystonia where neurodegeneration is documented [49].
DYT/PARK-TAF1 is endemic in the Philippines where is known as “lubag” in the local
Filipino dialect, meaning “twisted” [118]. Penetrance is complete in men and almost all
women heterozygotes are unaffected. This form of dystonia manifests in the early-late
adulthood, involves neck and oromandibular areas, and then progress to generalized
with parkinsonian characteristics [119]. Lesch Nyhan syndrome (DYT/CHOR-HPRT) is
an inborn disorder caused by a deficiency of the hypoxanthine-guanine phosphoribosyl-
transferase (HPRT) enzyme, involved in the purine salvage pathway whose inactivation
causes an increase in guanine and hypoxanthine, which eventually gets converted into uric
acid [120]. The characteristics defining the disease are hyperuricemia, neurodevelopmental
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abnormalities with global developmental delay, involuntary movements, and self-injurious
behavior [121]. Dystonia is the most common extrapyramidal sign and in almost all cases
progresses to generalized with patients totally dependent and wheelchair bound [120].

Mohr-Tranebjaerg syndrome (DYT-TIMM8A) is an X-linked recessive syndrome
caused by mutations in the nuclear gene TIMM8A, encoding for a protein involved in
mitochondrial transport [122]. Main clinical features are sensory-neural deafness and dys-
tonia, whereas other less common features are pyramidal signs, optic atrophy, psychiatric
disturbances, and cognitive decline [122,123].

4.2.5. X-Linked Dominant

Rett syndrome is a neurodevelopmental disorder caused in the vast majority of cases by
a de novo mutations in the MECP2 gene (encoding methyl-CpG-binding Protein) [124] [125].
Hand stereotypies are core features and other hyperkinetic movement disorders have vari-
ously been described in Rett syndrome, including tremor, dystonia, chorea, and myoclonus.
For some affected individuals, an evolution from a hyperkinetic to hypokinetic state has
also been observed [124].

4.2.6. Mitochondrial

Leigh syndrome, or subacute necrotizing encephalopathy, is an inherited mitochon-
drial dysfunction accompanied by bilateral basal ganglia lesions, caused by more than
75 monogenic causes [126]. Dystonia is one of the presenting symptoms, along with
developmental delay, hypotonia, ataxia, and optical atrophy [127].

Leber’s hereditary ocular neuropathy (LHON) (DYT-mt-ND6) is due to mutations in
the mtDNA genes that encode subunits of NADH dehydrogenase and three major point
mutations have been described (m.3460G > A, m.11778G > A and m.14484T > C) [128]. In
the LHON plus dystonia syndrome, dystonia can precede ocular abnormalities by several
years [127]. Dystonia could be generalized and is accompanied by visual loss, pyramidal
tract signs, and intellectual impairment [125].

4.2.7. Acquired Forms of Dystonia

In addition to idiopathic and genetic dystonia, different environmental insults that
result in brain or spinal or peripheral nervous system damage cause the so-called “acquired
dystonia” [7], which is not an inherited disease due to a known specific process including
vascular, infection, immunologic, neoplastic, drugs, or toxins (Table 3).

Table 3. Acquired form of dystonia.

Perinatal Brain Injury:

- Athetoid cerebral palsy
- Delayed onset dystonia
- Pachygyria

Brain Injury:

- Head trauma
- Brain surgery (including stereotactic ablations, thalamotomy and thalamic lesions)
- Lenticular nucleus lesions
- Electrical injury
- Cervical cord injury or lesion (including syringomyelia)
- Peripheral injury
- Lumbar canal stenosis
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Table 3. Cont.

Vascular:

- Ischemia
- Intracranial hemorrhage
- Subdural hematoma arteriovenous malformation (including aneurysm);
- Hypoxia

Neoplastic and paraneoplastic:

- Brain tumor (including posterior fossa tumor)
- Paraneoplastic encephalitis (anti-Ma2-antibodies encephalopathy)

Drug:

- Levodopa and dopamine agonists
- Dopamine D2 receptor-blocking drugs (Tardive dystonia; Acute dystonic reaction)
- Anticonvulsants
- Calcium channel blockers
- Ergotism

Toxic:

- Manganese
- Cobalt
- Carbon disulphide
- Cyanide
- Methanol
- Disulfiram
- 3-nitropro-pionic acid
- Wasp sting

Metabolic:

- Hypercalcemia
- Hypoparathyroidism
- Hypoglycemia
- Hyperbilirubinemia
- Pontine myelinolysis

Encephalitis, infections, and post infections:

- Reye syndrome
- Poststreptococcal
- Creutzfeldt–Jakob disease
- Viral encephalitis
- Encephalitis lethargica
- Subacute sclerosing panencephalitis
- Human immunodeficiency virus (HIV) infection
- Other (tuberculosis, syphilis, cerebral abscess etc.)

Autoimmune:

- Primary antiphospholipid syndrome
- Multiple sclerosis

Immune encephalopathy:

- Sjogren syndrome
- Multiple myeloma
- Rasmussen syndrome (NMDAR-antibodies),
- Limbic encephalitic (LGI1-antibodies)

Psychogenic (functional) dystonia
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Athetosis cerebral palsy (or dyskinetic cerebral palsy) is the second most-common
form of cerebral palsy (CP), that is, a clinical condition characterized by delayed motor
development, paresis, and movement disorders (including dystonia). CP is associated
with other clinical features like mental retardation and epilepsy and arises after perinatal
brain damage [129]. Basal ganglia and thalamus are high-energy metabolism structures
and hence are extremely susceptible to hypoxia or ischemia, which are two common
causes of cerebral palsy [130]. Dyskinetic cerebral palsy is defined as abnormal posture
and movement, including dystonia (dystonic cerebral palsy-DCP). DCP-typical features
are delayed onset after perinatal damage, dystonia induced by voluntary movement,
association with non-motor symptom, suggestive medical history, and correlation to brain
imaging abnormalities [129]. Furthermore, delayed onset dystonia can also occur with
other processes like central pontine myelinolysis, cyanide intoxication, electrical injuries,
and head trauma [7].

As briefly mentioned before, dystonia can occur if a focal brain lesion affected the
basal ganglia (mostly putamen), thalamus, parietal cortex, and cerebellum [129]. The basal
ganglia lesions predominantly result in clinical contralateral hemidystonia and the most
common etiologies are stroke, trauma, and perinatal injuries [131]. However, it is known
that lesion spinal and peripherical lesions can also result in dystonia. Spinal cord lesions
(including syringomyelia) and neck trauma can cause cervical dystonia [132]. Peripheral
nerve lesions can cause focal delayed-onset dystonia with fixed dystonic posture in the
same limb [129].

Several drugs can induce acquired forms of dystonia. The larger part of drug-induced
dystonia is produced by dopamine receptor blocking drugs (DRBD) [133]. In particular, D2
receptor blocker drugs are the most involved in the acquired dystonia pathogenesis [134].
Other drugs, like anticonvulsants and calcium channel blockers, can induce acquired
dystonia, but incidence is low [129]. Tardive dystonia (TD) is the most frequent, clinical,
drug-induced dystonia that start days or year after DRBD exposition 2. Usually, it is
characterized by cranial muscle involvement (jaw, tongue, facial muscles) and/or retrocollis.
Moreover, TD is often associated with tardive dyskinesia, such as repetitive oral and lingual
movement [133]. While acute dystonic reaction and oculogyric crisis usually occur in
the first five days after initiation or increase in DRBD therapy including neuroleptics
or peripheral DRBD, such as metoclopramide [135]. Conversely, use of dopamine and
dopamine agonists can cause hyperkinetic disorders (such as dystonia and dyskinesia) only
in Parkinson’s disease patient [7,129].

Toxin and chemical agents can also result in secondary dystonia. Manganese, cyanide
and methanol can accumulate in basal ganglia (mainly putamen) and produce focal dysto-
nia [136]. Moreover, metabolic disorder can induce diffuse brain damage that can produce
dystonia. Hypoglycemia is a rare cause of dystonia, hypoparathyroidism and consequent
hypercalcemia can induce basal ganglia calcification that result in dystonia and finally,
hyper or hyponatremia can induce central pontine myelinolysis that results dystonia [137].

Moreover, focal and generalized dystonia can occur as a clinical manifestation of
several infection and encephalitis like human immunodeficiency virus (HIV) infection,
Creutzfeldt-Jakob disease and progressive multifocal leukoencephalopathy [138]. Immune-
mediated disease and autoimmune disorders have been associated with acquired hemidys-
tonia, like primary antiphospholipid syndrome and Sjogren syndrome [139].

Finally, it is still controversial, but to date psychogenic (functional) dystonia are consid-
ered an acquired causes of dystonia [1]. This disorder can closely mimic organic dystonia,
but some clues can help clinician to differentiate the two disorders: history of psychiatric
disorders, abrupt onset, inconsistent and non-patterned movements that changes body
regions or muscles involved, incongruent movement, attenuation or disappear with dis-
traction maneuver, false weakness or other atypical features that are not congruent with
primary disorder [140].
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5. Discussion

After the first description by Oppenheim [141], the definition and the classification
of dystonia have been updated several times and probably will be further updated in the
light of the discovery of more underling etiologies.

For the diagnosis of dystonia, the examiner should follow the definition of dystonia
approved in the last expert consensus [1], and focus on the classic five physical signs of
dystonia: 2 main physical signs (dystonic movements and dystonic posture) and 3 addi-
tional physical signs (mirror dystonia, overflow dystonia, and gestes antagonists/sensory
tricks) [17,142].

Overall dystonia diagnosis and classification is challenging. Dystonia has characteristic
clinical features, but a wide spectrum of phenomenological presentations. To date, the
diagnosis relies mainly on clinical evaluation, and there are no objective biomarkers that
can confirm the diagnosis or monitor the evolution of the symptoms.

Since the last proposed classification of dystonia [1], much progress has been made in
the field of dystonia. First, the use of whole-exome sequencing made it possible to identify
the genetic causes underlying the forms of dystonia whose cause was still unknown.
Second, increasing knowledge about the etiology of dystonia lead to the definition of a new
category known as complex dystonia along with the classic isolated and combined dystonia
categories. In this category, dystonia represents the main neurological disorder in the
context of a complex phenotype that includes symptoms other than movement disorders.
Furthermore, the debate on complex dystonia has been enriched thanks to the discovery of
important overlaps between dystonia and neurodevelopmental disorder and dystonia and
psychiatric disorder, both from a genetical and pathophysiological point of view.

It is of paramount importance to recognize and properly characterize patients affected
by dystonia to provide them with the most appropriate treatment. Available treatments
for dystonia are symptomatic and can improve patients’ quality of life. The most used
and well-tolerated treatment for dystonia is the botulin neurotoxin, which is a treatment
that can be tailored according to patient symptoms and severity and therefore can be
applied to different types of dystonia [143], such as blepharospasm [144–146], cervical
dystonia [145,147], or task-specific dystonia [148–150], limb dystonia [151,152], and trunk
dystonia [153,154]. In the last few decades, Deep Brain Stimulation (DBS), has been used in
clinics as a therapeutic tool for the treatment of different movement disorders like Parkin-
son’s disease [155–158], tremors [159–161], and hyperkinetic disorders [162], including
dystonia [163]. For intractable (drug refractory) primary dystonia, including generalized
and/or segmental dystonia, hemidystonia, and cervical dystonia (torticollis), Deep Brain
Stimulation (DBS) in the globus pallidus pars interna (GPi) [163–166] is an approved treat-
ment. The study of oscillatory activities in neurological disorders [167,168] revealed new
pathological biomarkers in recent years. Several authors suggested that these abnormalities
could be used as a biomarkers to deliver electrical DBS only in response to pathological
neuronal oscillation (adaptative DBS -aDBS); this technique was mainly tested in Parkin-
son’s disease patients [169–171] and it has been suggested that it could be translated to
dystonic patients with specific biomarkers, e.g., GPi LFPs theta-alpha band activity [172].

In dystonia, the clinical evaluation, which should be made by an expert in movement
disorders, should remain the core of the diagnostic approach, but in the era of big data and
artificial intelligence, the use of these new tools to improve the diagnostic accuracy and
to accelerate the diagnostic process could be a great opportunity. In the coming years, the
approach to patient evaluation and data collection should change and follow an open data
approach for the field of movement disorders.

The clinical evaluation can be systematized and videotaped, the movements can be
recorded through wearable sensors, and neurophysiological, imaging, lab, and genetic
testing can be performed. All these data along with clinical history information can be
shared on a platform into a framework of movement disorder experts. To date, there are
already a few examples of shared datasets, but the main limitation to their usage is the data
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entry problem, which is a time-consuming activity that needs dedicated personnel, and it
is mainly used for research but not in routine clinical practice.

This is the point that will be a game changer. In order to avoid the data entry problem
of limiting the sharing of patient data, the whole dataset should accept three kinds of
data: (1) structured data by filling all the fields included into the dataset; (2) structured
data coming from a research project that, for data analysis purposes, should be collected
in a structured way in any case, following the structure of the local protocol, without
modification in order to avoid further data entry work; (3) and unstructured raw data
coming from the routine clinical practice patient evaluation.

Following this open structure that allows the collection of both structured and unstruc-
tured data, almost all the movement disorder experts that manage data on dystonia patients
could collaborate by sharing the platform according to their time availability. Research
groups that have dedicated personnel for data entry could provide structured data by
filling all the fields included in the dataset; all other collaborators that have no additional
time for data entry could just upload and share their patient’s data in the actual format
without the need of data entry or new data collection. Potentially, by following this new
approach in the near future, we could have the biggest dataset on dystonia ever seen in
science.

This new approach that also allows the collection of unstructured data was not possible
until a few years ago, but to date it is made possible thanks to modern natural language
processing technologies, which transform raw and unstructured data into an exportable
and analyzable structured dataset automatically.

The setup of this kind of platform will be an investment for the future, and thanks
to new data analysis approaches, such as machine learning and deep learning, the possi-
ble future advantages would be in terms of disease characterization, subtype clustering,
diagnosis prediction, disease evolution prediction, epidemiological studies, and therapy
targeting. However, in parallel with this activity that will give benefits in a medium/long-
term period, the classic research should continue with clinical trials aiming to validate
objective biomarkers useful for the differential diagnosis of dystonia, for symptoms evolu-
tion monitoring, and for therapy efficacy evaluation; this approach can provide a benefit in
a relative short-term period.

6. Conclusions

Waiting for more advanced and objective tools, the core of diagnosis and classification
of dystonia remains an accurate physical examination, which is essential to describe the
correct phenomenology. For etiology definition, in selected cases according to the patient’s
history and clinical manifestations, genetics is an essential tool for classification and could
allow a better understanding of the pathophysiology of dystonia. The field of dystonia is
rapidly progressing in both diagnosis and therapy. On the diagnostic side, the classification
of dystonia is periodically updated following emerging knowledge. The present review
wants to bring attention to dystonia by describing a revision of the classification that
encompasses recent discoveries in this field.
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