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a b s t r a c t

Introduction: The dystonias are a group of disorders defined by over-contraction of muscles leading to
abnormal movements and postures. In recent years, enormous advances have been made in elucidating
the neurobiological mechanisms responsible for many types of dystonia.
Methods: A literature review was conducted focusing on evolving concepts in dystonia genetics, anatomy
and physiology.
Results: The list of genes related to dystonia has grown from a relatively small number to more than 100.
Concepts regarding the neuroanatomical basis for dystonia have evolved from a relatively narrow focus
on dysfunction of the basal ganglia to a broader motor network model in which the basal ganglia, cer-
ebellum, cerebral cortex, and other brain regions play a key role. Physiologically, our understanding of
the core abnormalities has matured; and numerous changes in neural signaling have been revealed in
the basal ganglia, cerebellum and cortex.
Conclusion: Although the dystonias share certain clinical aspects such as over-contraction of muscles
leading to abnormal movements and postures, they actually comprise a very clinically and etiologically
heterogeneous group of disorders. Understanding their neurobiological basis is important for devising
rational therapies appropriately targeted for specific subgroups of patients.

© 2017 Published by Elsevier Ltd.

1. Introduction

More than 100 years ago, Oppenheim described a series of pa-
tients who had hypo-tonic muscles at rest, but hyper-tonic muscles
during attempts to move. The increased muscle tone led to move-
ments with an appearance that was stiff, twisting, and jerky. He
coined the term dys-tonia, because he believed that abnormal
neural control of muscle tone was the fundamental problem in
these patients.

Since Oppenheim's original descriptions, many additional clin-
ical manifestations of dystonia have been reported, and a defect in
the control of muscle tone is no longer considered the core prob-
lem. Dystonia is now defined as a disorder of excessive muscle
contraction leading to involuntary twisting or repetitive move-
ments, often with abnormal postures [1]. The clinical picture is
remarkably heterogeneous. The many different clinical manifesta-
tions are classified according to four major dimensions that include

age at onset, body region affected, temporal qualities, and whether
there are accompanying neurological or medical problems.

The etiologies for dystonia are similarly heterogeneous [2].
Some are known to be caused by specific gene defects, with pat-
terns of inheritance that may be dominant, recessive, X-linked, or
mitochondrial. Others are acquired, such as those due to exposure
to certain drugs or chemicals, physical trauma, and those related to
infections or autoimmune processes. This review focuses on how
traditional concepts regarding the neurobiology of dystonia have
evolved following new evidence uncovered in recent years.

2. Pathogenesis of dystonia

2.1. Genetics

Enormous advances have been made in understanding the ge-
netic basis for the dystonias in the past few years [3]. Only 5e10
years ago, most reviews on dystonia genetics focused on a list of
20e30 genes that had been assigned a “DYT” number. This
approach is now considered inadequate for many reasons [4]. One
reason is that the DYT numbers did not identify dystonia genes, but
rather chromosomal loci based on statistical association studies of
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families. As a result, several entries in the DYT list ultimately could
not be verified, or were found to be erroneous. In other cases, more
than one gene was associated with the same DYT locus, or different
DYT loci were associated with the same gene. The DYT designation
was also clinically misleading, because it implied that dystonia was
a frequent or major feature for all the associated disorders. This was
not the case for some disorders that were given a DYT number,
where a different movement disorder typically predominated, such
as myoclonus-dystonia (DYT11) where myoclonus is the most
consistent problem. Perhaps the major limitation of the DYT list
was that it neglected a very large number of dystonia genes that
were discovered before the start of the DYT naming convention. A
good example is Wilson's disease, where many patients may first
present with dystonia or have dystonia as a major and disabling
clinical feature. Wilson's disease never had a DYT number because
the chromosomal location and gene were identified before the DYT
naming system began. More than 100 inherited conditions are now
recognized where dystonia may be a feature. For the majority of
these disorders, dystonia is combined with other neurological or
medical problems; only a small number reflect pure dystonia [2].
Only a fraction of these have a DYT number.

One advantage of the larger number of recognized dystonia
genes is that it has become possible to begin to search for shared
molecular pathways [5,6]. The known genes are involved in
numerous biological processes, but some commonmechanisms are
evident. Examples of some shared molecular and cellular pathways
include disruptions in neurotransmitter signaling, calcium ho-
meostasis, brain heavy metal accumulation, transcriptional regu-
lation, or cell cycling. For example, dystonia is frequently associated
with parkinsonism, and a number of the responsible genes result in
damage or dysfunction of the basal ganglia or its dopaminergic
afferents from the midbrain [7]. In other cases, dystonia is associ-
ated with ataxia and disruption of cerebellar or GABAergic path-
ways [8]. In the future, identification of these shared molecular and
cellular pathways will be increasingly important for parsing sub-
types of patients with dystonia into biologically meaningful groups,
and for designing novel treatments that are targeted towards spe-
cific underlying neurobiological mechanisms.

Because of themany difficulties with the traditional DYT naming
convention, a newgenetic nomenclature system has been proposed
[4]. In the proposed system, the number is replaced by the name of
the gene. In the proposed system, DYT1 is called DYT-TOR1A. In
cases where the phenotype is mixed, the prefix includes other
relevant designators such as PARK for parkinsonism or SCA for
ataxia. For the clinician, organizing the genes according to manner
of inheritance (Fig. 1) may be more useful, because it aids genetic
counseling. For the neurobiologist seeking to understand shared
molecular pathways, organizing the genes according to biological
pathways (Fig. 2) is more valuable, because it aids recognition of
common biological mechanisms. For both of these strategies for
gene classification, a DYT prefix is not needed.

2.2. Neuroanatomy

Dystonia has traditionally been considered a basal ganglia dis-
order. This view originated from early studies showing that the
basal ganglia were frequently involved in cases of hemidystonia
that were acquired as a result of focal brain injury [9]. Subsequently,
many studies examining other types of dystonia revealed that
additional brain regions, including the cerebellum, are implicated
[9,10]. Dystonia therefore is now regarded as a disorder of a motor
network that may involve the basal ganglia, cerebellum, cerebral
cortex, and other regions.

There is good evidence that the basal ganglia play an important
role in dystonia. One of the most illustrative examples is dopa-

responsive dystonia. In both humans [11] and mice [12], defects
in the synthesis of dopamine in the basal ganglia cause dystonia.
Supplementation with levodopa either peripherally or directly into
the striatum in mice corrects the dystonia, suggesting this dystonia
is caused by a very specific defect limited to the basal ganglia.
Numerous studies of other types of dystonia in humans and other
animals have also implicated the basal ganglia. The cerebellum has
been implicated as a source for dystonia in numerous rodent
models including the Dt rat, the tottering mutant mouse, the DYT1
mouse, and a model for rapid-onset dystonia-parkinsonism [13]. In
humans, the cerebellum has been implicated by imaging studies of
different types of dystonia, and by increasing recognition of sub-
clinical cerebellar signs in different types of dystonia [9,10]. The

Fig. 1. Patterns of inheritance. This schematic shows a classification system for genes
for monogenic dystonias based on pattern of inheritance. It is not a complete list of all
genes and patterns of inheritance; only representative examples are shown. Genes
shown in underlined type are those that are commonly associated with dystonia as the
only or predominant clinical feature. Those in plain type are those where dystonia is
often combined with other clinical features.

Fig. 2. Biological pathways. This schematic shows a classification system for genes for
monogenic dystonias based on shared biological pathways. It is not a complete list of
all genes and their biological pathways. Only representative examples are shown.
Genes shown in underlined type are those that are commonly associated with dystonia
as the only or predominant clinical feature. Those in plain type are those where dys-
tonia is often combined with other clinical features. Some genes may fall in more than
one group when their functions overlap more than one biological mechanism. In many
cases the biological pathways are well established, but in some the pathways are
suspected but not proven.
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