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Summary
There is increasing need for both consensus defini-
tions and continued research into the causes, clinical
spectrum, and treatment of pediatric movement dis-
orders. Treatment has been largely based on experi-
ence rather than evidence because clinical trials are
limited. With development of consensus definitions,
identification of causative genes, understanding of
the clinical spectrum of disease, and clinical trials,
we can provide overall better care for children with
movement disorders. This review highlights 5 areas
where progress is being made to achieve these goals
in pediatric movement disorders.

P
ediatric movement disorders is a relatively
new and growing field of child neurology.
Whereas hypokinetic disorders such as Par-
kinson disease predominate in adults, chil-

dren more commonly demonstrate hyperkinetic
disorders such as tics, tremor, chorea, and dystonia.
There are a large number of genetic and heredodege-
nerative diseases which cause secondary movement disorders in childhood. Advances in pedi-
atric movement disorders have been made by solidifying movement disorder definitions,
expanding the spectrum of clinical phenotypes, understanding genetic causes of movement dis-
orders, and rigorously evaluating treatment efficacy for common movement disorders. Five
areas were chosen to highlight these advances: consensus definitions, newly discovered PRRT2
mutation, clinical and genetic spectrum of GLUT-1 deficiency and neurodegeneration with
brain iron accumulation (NBIA) disorders, and comprehensive behavioral intervention for tics
(CBIT).

Creation of consensus definitions for childhood movement
disorders
For years, lack of a common language surrounding childhood motor disorders hampered
diagnosis, medication management, and ability to create clinical rating scales, and made
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selection of a homogenous population for research challenging. To address this concern, the
NIH-funded Taskforce on Childhood Motor Disorders was created in 2001. The Taskforce
includes specialists from developmental pediatrics, neurology, neurosurgery, orthopedic sur-
gery, physical therapy, occupational therapy, physical medicine and rehabilitation, neurophys-
iology, muscle physiology, and biomechanics. One of the initial goals of the taskforce was to
define consistent terminology across multiple clinical and research disciplines. Such terminol-
ogy would facilitate communication between clinicians and researchers and allow for clear entry
and outcome criteria for research in childhood motor disorders.

In 2003, the group published classifications and definitions of disorders causing hypertonia
in childhood and defined the terms spasticity, dystonia, and rigidity.1 A 2006 publication
focused on definition and classification of negative motor signs in childhood and provided
definitions for weakness, reduced selective motor control, ataxia, and deficits of praxis.2 The
third publication in 2010 focused on hyperkinetic movements in childhood and provided
definitions for dystonia, chorea, athetosis, myoclonus, tremor, tics, and stereotypies.3 These
definitions will need continuing review as we gain knowledge about the pathophysiologic
mechanisms of these movements and develop biometric assessments to further distinguish
among them.

Since the initial 2003 publication, these definitions have been cited in numerous articles and
are in use across multiple disciplines. The definitions have become the standard for research in
childhood motor disorders. As a measure of the impact that these definitions have had on the
field, the 2003 consensus definitions alone have been cited in at least 25 articles including clin-
ical trials for medication efficacy, development of animal models, biomechanical studies, phys-
ical therapy interventions, and rating scale development.

PRRT2 mutation: Causative gene of paroxysmal kinesigenic
dyskinesia, infantile convulsion with choreoathetosis syndrome,
and benign familial infantile epilepsy
Paroxysmal kinesigenic dyskinesia (PKD) is an involuntary, paroxysmal movement disorder
characterized by brief, frequent episodes of dyskinesias precipitated by sudden movement.4

PKD can be classified as primary or secondary with primary PKD most often inherited as
an autosomal dominant trait.4

In some families, PKD is associated with infantile convulsions alone or infantile convulsion
and choreoathetosis (ICCA) syndrome. ICCA is characterized by benign infantile convulsions
inherited as an autosomal dominant trait with variable expression of PKD.4–6 Individuals
develop nonfebrile convulsions between the ages of 3 and 12 months which typically resolve
by 2 years of age or PKD which typically presents in adolescence with normal development
and a normal neurologic examination between attacks.6 In 1997, the first genetic association
between familial infantile convulsions and paroxysmal choreoathetosis was found to be
localized to the pericentromeric region of chromosome 16.6 The genetic link was proposed
to support the hypothesis that PKD had an epileptic origin.6 Another study confirmed this
linkage and proposed that a channelopathy could explain the variable expression and cose-
gregation of these paroxysmal neurologic disorders.5

For years, lack of a common language surrounding
childhood motor disorders hampered diagnosis,
medication management, and ability to create
clinical rating scales, and made selection of a
homogenous population for research challenging.
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In 2011, the proline-rich transmembrane protein 2 (PRRT2) gene located in the pericen-
tromeric region of chromosome 16 was identified as the first causative gene of PKD through
exome sequencing and linkage analysis.7 While the families studied shared common features
of PKD (movement trigger, duration of attack, no loss of consciousness, good response to
treatment with anticonvulsants), there was clinical heterogeneity within and between fami-
lies.7 Variable features included age at onset, presence of ICCA syndrome, predominant
character of the hyperkinetic movement, predominant body region involved, and the presence
of additional triggers.7 Another study showed PRRT2 mutations in 14 of 17 families with
benign familial infantile epilepsy (BFIE) and 5 of 6 families with ICCA syndrome.8

The function of PRRT2 is an area of continued research. PRRT2 is mainly expressed in the
basal ganglia and may interact with synaptosomal-associated protein 25 (SNAP 25), which is
involved in neurotransmitter release from synaptic vesicles potentially leading to neuronal
hyperexcitability.7,8

The identification of PRRT2 mutation as a causative gene for PKD, ICCA, and BFIE
supports a genetic overlap between paroxysmal movement disorders and epilepsy, which has
been recognized in other genetic disorders such as GLUT-1 deficiency.8 It highlights the role of
non-ion channel mutations in the pathogenesis of both epilepsy and paroxysmal movement
disorders.8 The basis for the clinical heterogeneity in the presentation of the paroxysmal dis-
orders due to PRRT2 mutations remains unknown. Future research will likely expand the
clinical phenotype of PRRT2 mutations as well as offer the potential for new therapeutic targets.

The expanding spectrum of GLUT-1 deficiency syndrome
GLUT-1 deficiency syndrome, caused by a mutation in the SCL2A1 gene which encodes for the
glucose 1 transporter, is classically characterized by infantile epilepsy, developmental delay,
decelerated head growth, acquired microcephaly, cognitive impairment, ataxia, and spasticity.9

Laboratory evaluation shows low CSF glucose levels with normoglycemia and can be confirmed
by erythrocyte glucose uptake studies and by GLUT-1 gene mutation analysis.

An expanded spectrum of non-classic phenotypes has been described, some with prominent
movement disorders and some which present exclusively with movement disorders. These
include a phenotype characterized by mental retardation, dysarthric speech, and intermittent atax-
ia without seizures, a phenotype characterized by choreoathetosis and dystonia, and a phenotype
characterized by paroxysmal exercise-induced dyskinesias (PED) with or without epilepsy.9,10

The most common movement disorders described in GLUT-1 deficiency include ataxia,
spasticity, and dystonia.9–13 More recently, mutations in GLUT-1 have been described as a
cause of paroxysmal dyskinesias including autosomal dominant and sporadic PED (DYT18)
and in slowly progressive spastic paraparesis combined with PED (DYT9).12,13

The spectrum and frequency of movement disorders in GLUT-1 deficiency has been described10

(table 1). Video recordings and charts of 57 patients with GLUT-1 deficiency were reviewed and
found gait disturbance (89%), dystonia (86%), chorea (75%), cerebellar action tremor (70%),
myoclonus (16%), and dyspraxia (21%).10 Additionally, 28% of patients had nonepileptic parox-
ysmal events which included episodic ataxia, weakness, parkinsonism, exercise-induced dyskinesias,
and nonkinesigenic dyskinesia.10 There is marked phenotypic heterogeneity in the presentation
of GLUT-1 deficiency. Although the severity of the phenotype may be related to the residual
function of GLUT-1, there is no clear correlation with specific movement disorders.11

The identification of PRRT2 mutation as
a causative gene for PKD, ICCA, and BFIE
supports a genetic overlap between paroxysmal
movement disorders and epilepsy..
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The recognition of the frequency and spectrum of movement disorders in GLUT-1 has
expanded the patient population for which GLUT-1 testing will be beneficial. It is especially
important because treatment with the ketogenic diet may lead to symptomatic improvement.11

While the classic presentation of GLUT-1 deficiency syndrome is more common, GLUT-1
deficiency should be considered in the differential diagnosis of childhood-onset movement
disorders including paroxysmal dyskinesias.

Evolving spectrum and classification of neurodegeneration with
brain iron accumulation
NBIA is a group of distinct disorders, each of which results in the excessive accumulation of
iron, particularly in the basal ganglia, and presents with a progressive extrapyramidal syndrome.
There have been recent advances in understanding the clinical spectrum of these disorders as
well as in the discovery of new genes that are now known to cause NBIA. Age-dependent phe-
notypes have also been recognized. Historically, the terms Hallervorden-Spatz disease, NBIA,
pantothenate kinase-associated neurodegeneration (PKAN), and others were used interchange-
ably, complicating review of older literature. NBIA has become the umbrella term for a group
of distinct disorders unified by brain iron accumulation.

There are now 7 established genes known to cause NBIA: PANK2 causing PKAN, PLA2G6
causing phospholipase-associated neurodegeneration (PLAN), FTL causing neuroferritinopathy,
ACP causing aceruloplasminemia, FA2H causing fatty acid hydroxylase–associated neurodegen-
eration (FAHN), ATP13A2 causing Kufor-Rakeb disease, and MMIN causing mitochondrial
membrane protein–associated neurodegeneration.14 Clinically, there is overlap between the NBIA
syndromes as well as overlap with other diseases, which adds further complexity to their diagnosis.

PKAN (NBIA1) is the most common form of NBIA and has been subdivided into an early-
onset classic presentation and an atypical presentation with later onset. Approximately 90% of
cases present with the classic phenotype of early-onset gait abnormalities, dystonia, and progress-
ive corticospinal tract dysfunction.14,15 In the atypical form, onset can be in the 20s and 30s and
can present with speech abnormalities, unilateral tremor, or focal arm dystonia.14,16

PLAN (NBIA2) is the second most common form of NBIA, which also has an age-dependent
phenotype with a classic and atypical form.15 The classic presentation occurs in early childhood
with infantile neuroaxonal dystrophy characterized by progressive motor and mental retardation,
cerebellar ataxia, marked truncal hypotonia, pyramidal signs, and optic atrophy, while later onset,
atypical presentations may be more mild and present with a dystonia-parkinsonism phenotype.14,16

Kufor-Rakeb disease (PARK9) is a rare autosomal recessive disease characterized by parkin-
sonism with or without pyramidal signs and eye movement abnormalities with onset in ado-
lescence.15 FAHN (SPG25) is characterized by childhood-onset gait impairment, spastic
quadriparesis, severe ataxia, and dystonia.15 Mutations in this gene are also known to cause
leukodystrophy and a form of hereditary spastic paraplegia.15 Aceruloplasminemia is an
autosomal recessive disease caused by a mutation in the ceruloplasmin gene on chromosome

Table 1 Movement disorders in GLUT1 deficiency10

Percentage (n 5 57)

Gait disturbance (including ataxia) 89

Dystonia 86

Chorea 75

Tremor 70

Paroxysmal events 28

Dyspraxia 21

Myoclonus 16

Stereotypies 5
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3 and is characterized by adult-onset movement disorders and dementia.15 Neuroferritinop-
athy is an autosomal dominant disorder caused by a mutation in the FTL gene and is
characterized by onset around age 40, chorea, and dystonia.15

While there is considerable clinical overlap in the disorders of NBIA, there are distinctive
MRI features which help distinguish among these disorders. The hallmark of all disorders of
NBIA is the deposition of iron in the globus pallidus which causes symmetric T2-weighted
hypointensity. The distinctive neuroimaging features include the area of greatest iron deposi-
tion, white matter involvement, cerebellar atrophy, and brainstem atrophy (table 2).17 Diag-
nostic algorithms have been proposed which combine clinical features and MRI findings to
distinguish among the disorders of NBIA.17,18 Key decision points include evaluation for
extrapyramidal involvement on MRI, ophthalmologic findings including pigmentary retinop-
athy and optic atrophy, and screening blood tests including complete blood count, copper,
ceruloplasmin, and serum iron idexes.18

The disorders of NBIA are clinically varied and genetically diverse. There is significant over-
lap in presentation among these disorders as well as distinctive clinical features and imaging
findings that may help differentiate these disorders and guide genetic testing. Often consid-
ered to be a pediatric neurologic condition, it is now known that NBIA can present at any
age and may be clinically indistinguishable from other neurodegenerative disorders which
more commonly present in adulthood such as idiopathic Parkinson disease and Huntington
disease. Future research into the metabolic pathways affected in these disorders may ulti-
mately lead to targeted treatment.

Behavioral intervention for tics
Tics are repeated, individually recognizable, intermittent movements or movement fragments
that are brief, suppressible, and often associated with a premonitory urge.3 Tourette syndrome
(TS) is a neuropsychiatric disorder characterized by childhood onset of chronic motor and
phonic tics and is commonly associated with attention-deficit/hyperactivity disorder, obsessive

Table 2 Key imaging, clinical, and laboratory findings in NBIA17,18

Disorder Extrapallidal iron WM findings Other findings Key clinical/laboratory findings

PKAN 6 Substantia nigra No Eye of the tiger Pigmentary retinopathy
Acanthocytes

PLAN 6 Substantia nigra Mild Cerebellar atrophy Optic atrophy
Neuroaxonal spheroids

NFT Putamen, dentate,
thalamus, caudate

Mild/moderate Cerebellar atrophy Low ferritin

Cerebral atrophy

Cystic cavitation

ACP Putamen, caudate,
thalamus, red nucleus,
dentate

Mild/moderate Cerebellar atrophy Low ceruloplasmin, copper

High ferritin

Peripheral organ involvement

FAHN Substantia nigra Moderate Pontocerebellar atrophy Optic atrophy

KR Putamen, caudate No Cerebral, cerebellar, brainstem
atrophy

None

MPAN Substantia nigra No None Optic atrophy

Abbreviations: ACP5 aceruloplasminemia; FAHN 5 fatty acid hydroxylase–associated neurodegeneration; KR 5 Kufor-Rakeb syndrome;
MPAN 5 mitochondrial membrane protein–associated neurodegeneration; NBIA 5 neurodegeneration with brain iron accumulation;
NFT 5 neuroferritinopathy; PKAN 5 pantothenate kinase-associated neurodegeneration; PLAN 5 phospholipase-associated neurode-
generation; WM 5 white matter.
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compulsive symptoms, anxiety, and behavioral problems.19,20

Tic disorders are common, with approximately 1 in 5 children
experiencing transient tics and 1 in 100 developing TS.19

In many children, tics are mild, do not interfere with daily
activities, and therefore do not require treatment. However,
tics can be disabling by causing social embarrassment, pain, or
inability to perform activities. When treatment of tics is indicat-
ed, there are both pharmacologic and behavioral therapies.

A variety of behavioral interventions for tics have been tried
for many years including massed practice, relaxation training,
self-monitoring, habit reversal therapy, exposure and response
prevention, and cognitive behavioral therapy. There have been
an increasing number of clinical trials in pediatric movement
disorders in recent years but randomized controlled trials for
behavioral interventions are uncommon and methodologically
challenging. There are few rigorous trials that evaluate the ef-
ficacy of the individual components of behavioral interventions
or that address combinations of these techniques.

In 2012, the largest randomized controlled trial in TS evalu-
ated a combination of behavioral interventions as a single strategy
called CBIT, which is largely based on habit reversal therapy.
The first component of habit reversal therapy involves tic aware-
ness, where the patient learns to self monitor tics and to focus on
an urge or other early sign a tic is about to occur; the second
component is developing a competing response, which involves
engaging in a voluntary behavior that is physically incompatible
with the tic.21 A second component of CBIT includes relaxation
training and function intervention to address situations that
exacerbate tics.21 CBIT is most effective when the participant
can identify a premonitory urge and is motivated to practice the
techniques outside of therapy sessions.

A randomized, controlled trial of 126 children with TS evaluated the efficacy of CBIT to
reduce tics and tic-related impairment in children and adolescents as compared to supportive psy-
chotherapy and education. Administration of CBIT resulted in greater improvement in symptom
severity among children with TS with a similar efficacy to that found in placebo-controlled med-
ication trials.21 While this study included children on medications, CBIT provides an effective,
nonpharmacologic treatment option for children with TS.

Although this study provides evidence of the efficacy of CBIT, the expanding use of CBIT
will be limited by the lack of health care providers trained in these interventions. Typically,
CBIT is implemented by psychologists or therapists with specific training in the technique.
In this study, CBIT was implemented by therapists with master’s level or higher education
who underwent systematic training and certification.21 There are currently investigations into
the efficacy of abbreviated forms of CBIT provided by nurse practitioners or physicians. In
the future, it is possible that a broader range of providers can be trained and certified in
CBIT, allowing for more widespread and consistent use.

DISCUSSION
As the field of pediatric movement disorders grows, consensus definitions will allow for stream-
lined medical management and studies of homogenous populations with the hope of identify-
ing novel treatments. Continued research to identify genetic causes of secondary pediatric
movement disorders and to understand the full spectrum of these disorders may to lead to bet-
ter understanding of the metabolic pathways involved. Clinical trials will help refine treatment

Pediatric movement disorders:
Five new things

• New consensus definitions have become
the standard for research in pediatric
movement disorders across multiple
disciplines. They are now used in clinical
trials, biomechanical studies, and
development of rating scales.

• PRRT2 mutation is a cause of paroxysmal
kinesigenic dyskinesia (PKD), infantile
convulsion with choreoathetosis syndrome
(ICCA), and benign familial infantile epilepsy
(BFIE), linking pediatric paroxysmal
movement disorders to epilepsy.

• Recognition of high incidence and increased
spectrum of movement disorders in GLUT-1
deficiency.

• Identification of new genes and expanded
clinical spectrum in the disorders of
neurodegeneration with brain iron
accumulation.

• Comprehensive behavioral intervention for
tics, in a randomized controlled trial,
demonstrated efficacy with an effect size
similar to that in medication trials.
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by establishing evidence-based medication management. With this information, we can begin
to move from symptomatic treatments to potentially disease-modifying treatments.
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