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Preface

Dystonia is a neurological condition that first was described as ‘‘dystonia muscu-
larum deformans’’ nearly a century ago. Today, we know that dystonia is a
movement disorder, typically characterized by an abnormal posture that is caused
by a sustained muscle contraction. Given that the recognition of dystonia as a dis-
tinct diagnostic category did not occur until the 1970s, it is not surprising that an
early, population-based prevalence study estimated that dystonia only affects
approximately 24 per million people. However, with the development of botulinum
toxin and an increased interest in this disorder, the prevalence of dystonia now is
estimated to be nearly 100 times higher, potentially affecting 220 per million people
worldwide.

While directed medical treatment began in the 1970s with the application of
anticholinergic therapy, treatment of focal dystonia with botulinum toxin has led
to a significant increase in the global recognition and research into this condition.
Research conducted over the past 40 years has dramatically improved our under-
standing of dystonia. We now better understand its epidemiology, genetic risk
factors, neurophysiology, and neuropathology. These advances have also improved
and expanded treatment, not only with four marketed formulations of botulinum
toxin, but also with phenol injection, baclofen pump therapy, and deep brain stimu-
lation. These advances have dramatically improved the quality of life of patients
affected with this disorder and have led to novel ideas for the investigation and treat-
ment of other neurological disorders.

This volume was written to allow readers to quickly review the most current
information regarding the pathogenesis and treatment of dystonia. The purpose of
this book is to summarize the known information regarding this disorder and to
present practical clinical assessment and treatment approaches.

The Handbook of Dystonia is organized in three basic sections: Epidemiology
and Pathogenesis; Signs and Symptoms; and Treatment Options. After a well-
rounded introduction, epidemiology and genetic factors are reviewed; these chapters
are then followed by discussion regarding neuroanatomy, neurophysiology, neuro-
pathology, and neuroimaging. Clinical descriptions for the idiopathic dystonias
are grouped into generalized, cranial, cervical, limb and doparesponsive dystonia,
with additional emphasis on other task-specific dystonias, such as musician’s and
sports-related dystonia. Secondary causes of dystonia are reviewed, with additional
chapters on drug-induced and psychogenic presentations. In addition, because of the
increasing emphasis on nonmotor symptoms in all areas of movement disorders, a
chapter is devoted to this topic.

v



Treatment of dystonia is divided into four basic categories: medical treatment,
botulinum toxin injections, phenol or neurolytic therapy, and surgical intervention.
Given the relative importance of botulinum toxin in the treatment of dystonic disor-
ders, three chapters are devoted to this topic. The surgical procedures for dystonia
are divided into selective denervation for cervical dystonia and deep brain stimu-
lation for generalized and other types of dystonia.

I would like to thank the contributors to this volume who have participated in
bench and clinical research in dystonic disorders and have provided excellent sum-
maries of these topics. I would also like to thank Informa Healthcare, specifically
Susan B. Lee, Rick Werdann, Dana Bigelow, and Jinnie Kim, for their support
and encouragement in preparing this book.

Mark A. Stacy, MD
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Introduction to Dystonia

Joohi Shahed and Joseph Jankovic
Department of Neurology, Parkinson’s Disease Center and Movement Disorders Clinic,
Baylor College of Medicine, Houston, Texas, U.S.A.

Although Hermann Oppenheim is usually credited with the introduction of the term
‘‘dystonia’’ in his landmark work published in 1911 (1), he was not the first to
describe the abnormal postures and sustained muscle contractions that characterized
this hyperkinetic movement disorder. In the 1830s, writer’s cramp was recognized
amongst members of the British Civil Service (2). In 1887, Horatio Wood, Chairman
of Neurology at the University of Pennsylvania, the first Department of Neurology in
the United States, described facial (blepharospasm) and oromandibular dystonia (3).
In 1888, William Gowers (4) described dystonic postures in hands and feet, which he
called ‘‘tetanoid chorea,’’ in two siblings who were later diagnosed with Wilson’s dis-
ease, a disorder that had not yet been named. In 1897, Barraquer Roviralta (5)
described the generalized dystonia phenotype, but termed it ‘‘athetosis.’’

Since that time, the dystonic syndrome has been referred to by a variety of
names, including ‘‘tonic cramps,’’ (6) ‘‘torsion neurosis,’’ (7) ‘‘progressive torsion
spasm,’’ and ‘‘dystonia lenticularis’’ (8). Schwalbe recognized the familial nature
of dystonic disorders with his description of Jewish siblings in 1908 (6). He gave
one of the most thorough descriptions of the disorder, and is therefore credited with
‘‘discovery’’ of dystonia. However, in his treatise ‘‘Tonic Cramps with Hysterical
Symptoms,’’ he highlighted the possible psychiatric overlay to these symptoms,
sparking a controversy that influenced subsequent interpretations of the pathophys-
iology of dystonic disorders.

In 1911, in addition to the classical work by Oppenheim (1), two other land-
mark articles were published: one by Ziehen (7) and the other by Flatau and
Sterling (9). Oppenheim (1) simultaneously named the syndrome ‘‘dystonia muscu-
lorum deformans’’ and ‘‘dysbasia lordotica progressiva.’’ His classic description
includes the characteristic ‘‘dromedary’’ gait. He termed the disorder ‘‘dystonia’’
to emphasize the seeming co-occurrence of increased and decreased tone in different
parts of the body. The term ‘‘musculorum’’ incorporates Oppenheim’s notion that
dystonic postures were due to muscle abnormalities. The second term, on the other
hand, emphasized the progressive nature of the symptoms while also recognizing the
unusual twisted postures of the trunk and abnormal gait. Ziehen (7) recognized that
dystonic movements seemed to increase with action and during emotional excite-
ment, and argued for an organic cause of the symptoms.

SECTION I: EPIDEMIOLOGY AND PATHOGENESIS
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After 1911, the term ‘‘dystonia’’ became the most widely accepted terminology
for the disorder, and for a brief period, was referred to as ‘‘Oppenheim–Ziehen’’
disease. The term ‘‘dystonia musculorum deformans’’ coined by Oppenheim was crit-
icized by Flatau and Sterling (9) because fluctuating muscle tone was not necessarily
a characteristic of the disorder; the term ‘‘musculorum’’ incorrectly implied that the
involuntary movement was due to a muscle disorder, and not all patients became
deformed. They highlighted the genetic nature of the disorder and suggested the term
‘‘progressive torsion spasm.’’

Focal forms of dystonia were recognized before generalized dystonia, although
they were often attributed to various occupations. Ramazzini (10), considered the
father of occupational medicine, referred to symptoms consistent with writer’s cramp
in his 1713 treatise, ‘‘De Morbis Artificum Diatriba’’ or ‘‘Diseases of Workers.’’
Duchenne also offered a description in 1855 (11), and Solly first termed the disorder
‘‘scrivener’s palsy’’ in 1864 (2). Various other occupational cramping disorders were
also described during the 18th and 19th centuries. In 1893, Gowers (12) described the
clinical features and drew a pictorial representation of a 44-year-old man that was
intended to depict spasmodic torticollis. However, in the drawing, the patient’s
right arm also appeared involved, as evidenced by its unusual posture and an open
button, suggesting a more generalized dystonia. Subsequently, a vivid description
of torticollis with photographs was published in 1896 by Thompson, referred to
‘‘wry neck’’ (13).

In 1929 Wimmer (14) referred to dystonia as a ‘‘syndrome’’ rather than a
specific disease entity, thus acknowledging that the phenomenon is seen in various
neurologic conditions including Wilson’s disease, postencephalitic cases, and in
instances of perinatal brain damage. He also recognized dystonic features in patients
with Parkinson’s disease and Huntington’s chorea. Herz (15) later described the first
large series of dystonia cases, comprised of 15 personal patients and a review of 100
from the literature in 1944. He documented the abnormal movements on film, ana-
lyzed them frame by frame, and so was able to characterize the sustained muscular
contractions and flow of abnormal movements from one body part to another. Thus
emerged a more precise explanation of the phenomenology of dystonia, and the dis-
ease ‘‘idiopathic torsion dystonia’’ as a distinct clinical entity.

Subsequent years in the history of dystonia were marked by efforts in elucidat-
ing its etiology. Despite early suspicion of the probable role of the basal ganglia in
producing the abnormal movements, clinicopathologic correlations for this belief
were lacking. In the 1930s (16) and again in the 1960s (17), published reports iden-
tified no specific neuropathologic changes in brains of patients with dystonia.
Previous authors, including Oppenheim and Herz, had argued against a genetic
influence for the development of dystonia. The aforementioned controversy sur-
rounding psychogenic aspects of the disorder also hampered further scientific
investigations. The phenomenon of a classic ‘‘geste antogoniste’’ fueled nonorganic
theories. Later, recognition of dystonic features following the influenza/encephalitis
epidemic of the 1920s strongly suggested that dystonia stemmed from an organic
cause, but also led to confusion in the differentiation between primary and secondary
forms of dystonia (18).

In the 1970s, after several authors reviewed familial cases of dystonia, the pre-
vailing view was that in Jewish families inheritance was autosomal recessive, while
non-Jewish forms were transmitted in an autosomal dominant fashion (18). Zeman
and Dyken, however, performed detailed analyses of large families with dystonic dis-
orders, and were the first to recognize that there were variable degrees of symptom
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severity in members of the same family, what they termed ‘‘formes frustes’’ of
dystonia (17) more recently, the relative risk of spread of symptoms in patients with
focal-onset primary dsytonias has been described (18).

The term ‘‘torsion dystonia’’ has been used in the literature, but because the
term ‘‘torsion,’’ which denotes ‘‘twisting,’’ is not always part of dystonia (e.g.,
blepharospasm and oromandibular dystonia), this term seems redundant. Hence,
the simple term ‘‘dystonia’’ is currently preferred when referring to the hyperkinetic
movement disorder. In 1984, the Scientific Advisory Board of the Dystonia Medical
Research Foundation proposed a formal definition of dystonia as ‘‘a syndrome of
sustained muscle contractions, frequently causing twisting and repetitive movements,
or abnormal postures’’ (19). This definition has since been further modified: ‘‘dysto-
nia is a neurological disorder dominated by involuntary, sustained or spasmodic,
repetitive, and patterned contractions of muscles, frequently causing twisting and
other abnormal movements or postures.’’ The term ‘‘patterned’’ refers to the
repeated involvement of the same group of muscles, a feature that helps to differen-
tiate dystonia from other hyperkinetic movement disorders. Dystonia has been also
classified based on age at onset (early or late), parts of the body affected (focal, seg-
mental, multifocal, or generalized), and etiology (primary or secondary) (20).

In the last two decades, there has been an explosion of knowledge about the
pathophysiology and pathogenesis of dystonia. In 1985, two series of patients with
hemidystonia (21,22) drew attention to the notion that lesions in the basal ganglia,
particularly the putamen, can lead to such symptoms. The role of the basal
ganglia in the pathophysiology of dystonia was later confirmed by several
physiological and functional imaging studies (23,24). It is now thought that with
focal forms of dystonia, genetic predisposition plays a significant role, either by ren-
dering a decrease of inhibition, an increase of plasticity or an impairment in sensory
function (25). Since the availability of new molecular techniques, several families
with dystonia have been investigated. In 1989, the gene locus for idiopathic torsion
dystonia (DYT1) was mapped to chromosome 9q in one North American family
(20). Subsequently, a three base-pair (GAG) deletion was identified in the fifth exon
of the DYT1 (TOR1A) gene at the 9q34 locus, which codes for a novel 332 amino
acid adenosine triphosphate-binding protein, termed torsinA (26,27). The mutation
results in the loss of a pair of glutamic acid residues.

This important discovery not only enabled DNA testing for the abnormal DYT1
(TOR1A) gene, but it also launched many fruitful research efforts into the cellular
mechanisms of this inherited form of dystonia. TorsinA has now been localized to
the nuclear envelope in studies using tissue cultures (28). Pathologic studies using
brains of patients with DYT1 dystonia have also demonstrated torsinA-positive peri-
nuclear inclusion bodies within the midbrain reticular formation and periaqueductal
gray of the pedunculopontine nucleus, cuneiform nucleus, and griseum centrale
mesencephali, which also stain positively for ubiquitin and the nuclear envelope pro-
tein lamin A/C (29). Tau- and ubiquitin-immunoreactive aggregates were also noted
in these inclusions as well as in the substantia nigra pars compacta and locus coeru-
leus, supporting the notion that DYT1 dystonia is another neurodegenerative disorder
associated with impaired protein handling, particularly in the brainstem nuclei. Inter-
estingly, torsinA is also present in Lewy bodies, the pathological hallmark of Parkin-
son’s disease, a finding that may provide insight into the frequent overlap of dystonia
and parkinsonian disorders (30). Adding to this possible association is the common
occurrence of joint or skeletal deformities in PD and parkinsonian disorders, which
are most likely dystonic in origin (31).
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Since the initial discovery of DYT1 mutation, 14 other dystonic disorders have
been given DYT designations and have been localized to specific chromosomes, though
complete information on gene products and their functions are as yet unavailable. All
except for DYT2 (autosomal recessive) (32) and DYT3 (Lubag, or X-linked dystonia-
parkinsonism, autosomal recessive) (33) are autosomal dominant conditions. We
now have a much greater pathophysiologic understanding of distinct dystonic disorders
such as dopa-responsive dystonia (DYT5 or Segawa disease, related to mutations in
guanosine triphosphate cyclohydrolase I) (34,35) and myoclonus dystonia (DYT11,
from mutations in the epsilon sarcoglycan gene) (36,37). Several susceptibility genes
for dystonia have also been identified, such as the D5 dopamine receptor gene for fam-
ilial blepharospasm (38) and familial cervical dystonia (39).

Along with advances in the understanding of the pathophysiology and genetics
of dystonia have come developments in its treatment. Although surgical procedures
for movement disorders have been in use for several decades, their use was limited
due to an unacceptably high complication rate. The first surgeries in the 1940s and
1950s by Meyers (40) were ablative, and involved various subcortical structures. How-
ever, as microsurgical and recording techniques were not yet developed, there was a
great deal of difficulty in ascertaining that the appropriate anatomic target had been
reached. Two major sites emerged: the thalamus and the globus pallidus interna
(GPi). In 1976, Cooper (41) published a 20-year follow-up report on over 200 patients
treated with thalamotomy, noting that 70% of his patients experienced marked or
moderate improvement in abnormal postures. Even at this early stage in the develop-
ment of surgical techniques for dystonia, it was recognized that patients with genetic
forms improved to a greater degree than those with secondary forms. Severe dysar-
thria from bilateral destructive lesions in the thalamus was a frequent complication,
and attention soon turned to lesioning the GPi for control of dystonic symptoms.
The first procedures were described in the 1950s in the anterodorsal region of the
GPi, and were used to treat a variety of conditions including Parkinson’s disease, dys-
tonia, and other bradykinetic disorders (42). Over the years, the target was gradually
moved to the posteroventral region of the GPi, with improved results. The modern
pallidotomy, described by Laitenen et al. in 1992 (43), targets pallidal projections
to the thalamus, seems to be much more effective in controlling dystonia, and does
not carry the same risk of dysarthria. However, the uncertainty of outcome in a sub-
population of patients, namely progressive dystonia, despite an initial improvement,
has also led to some hesitancy in pursuing this type of surgical procedure.

Over the past decade, deep brain stimulation, particularly targeting the GPi,
has taken precedence over ablative procedures in the management of dystonia as well
as other movement disorders (44,45). The adjustable and even reversible effects of
stimulation offer the opportunity to tailor the stimulation parameters according
to the needs of each patient. However, most reports continue to find that patients
with genetic rather than secondary forms of dystonia have a more robust response
to such procedures.

The most important development in the treatment of dystonic disorders has
been the introduction of botulinum toxin injections. The first accurate medical
description of botulism (‘‘sausage poison’’) was reported in the early 1800s (46).
Seven immunologically distinct botulinum toxins are now known, but only type A
and B are in clinical use. In 1989, the U.S. Food and Drug Administration approved
the original batch of botulinum toxin type A (produced in 1979) for use in patients
with strabismus, blepharospasm, and facial nerve disorders such as hemifacial
spasm. Neurologic applications for the toxin, including cervical and other forms
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Table 1 Milestones in the History of Dystonia

Year Author Description

1713 Ramazzini (48) Description of probable writer’s cramp
1804 Solly (49) ‘‘Scrivener’s palsy’’ first named and described
1800s Kerner (50) ‘‘Sausage poison’’ is a biologic toxin; motor and autonomic

effects first noted
1830s From Pearce (2),

2005
Writer’s cramp described among British Civil Service

1887 Wood (3) Facial and oromandibular dystonia
1888 Gowers (4) ‘‘Tetanoid chorea’’—two siblings who were later diagnosed

with Wilson’s disease
1893 Gowers (4) Picture of torticollis, but patient most likely has generalized

dystonia
1895 VanErmengem (51) Bacillus botulinus first isolated from bodies of victims of food

poisoning
1896 Thompson (13) ‘‘Wry neck,’’ photographs of cervical dystonia published
1897 Barraquer

Roviralta (5)
‘‘Athetosis’’ used to describe generalized dystonia

1901 Destarac (52) ‘‘Torticolis spasmodique’’—a 17-year-old girl with
torticollis, tortipelvis, writer’s cramp, and foot cramps;
improved by sensory tricks, exacerbated with motor
activity

1903 Leszynsky (53) Hysterical spasms and gait
1908 Hunt (8) ‘‘Myoclonia of the trunk,’’ ‘‘tic spasms,’’ hysterical
1908 Schwalbe (8) Hereditary ‘‘tonic crampus’’ syndrome, maladie des tics—

rapid movements; recognized the familial nature of
dystonia in Jewish siblings (Lewin family); used
scopolamine

1911 Ziehen (7) ‘‘Torsion neurosis’’—did not believe it to be hysterical;
observed that ‘‘convulsive movements increased
during voluntary movement’’ and during emotional
excitement

1911 Oppenheim (1) ‘‘Dystonia musculorum deformans’’ and ‘‘dysbasia lordotica
progressiva’’; ‘‘monkey’’ or ‘‘dromedary’’ gait first
described along with ‘‘mobile spasms,’’ sustained posturing,
fluctuating muscle tone, rapid movement resembling
tremor, chorea, and athetosis

1911 Flatau and Sterling
(9)

‘‘Progressive torsion spasm,’’—noted hereditary, repetitive
pattern, ‘‘jerky’’; Jewish patients of high intelligence;
objected to the term ‘‘deformans’’ because not all patients
become disfigured and objected to the term ‘‘musculorum’’
because it implied a muscle condition

1912 Fraenkel (54) Rapid, twisting, sustained movement, tortipelvis
1912 Wilson (8) ‘‘Hepatolenticular degeneration’’—‘‘clonic’’ or ‘‘tic-like’’

spasms, ‘‘choreiform and athetoid’’ movements
1916 Hunt (55) Slow, twisting or clonic, rhythmic movements
1919 Mendel (8) ‘‘Torsion dystonia’’—review of literature; 33 patients;

‘‘a morbid disease entity’’
1919 Burke (56) Botulinum toxin strains A and B identified
1920 Taylor (57) ‘‘Dystonia lenticularis,’’ postural (‘‘myostatic’’) and kinetic

forms of dystonia

(Continued )
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Table 1 Milestones in the History of Dystonia (Continued )

Year Author Description

1920s Postencephalitic dystonia led to recognition of secondary
forms

1926 Davidenkow (8) ‘‘Myoclonic dystonia’’—rapid ‘‘tic-like’’ movements
1929 Wimmer (14) Dystonia is ‘‘not a disease but only a syndrome’’—seen in

Wilson’s disease, postencephalitic cases, and perinatal brain
damage

1942 Meyers (39) Ablative surgical procedures used for dystonia
1944 Herz (15) Idiopathic dystonia as a disease entity—15 personal cases and

105 from the literature; ‘‘slow, long-sustained, turning
movements’’; alternating ‘‘myorhythmia’’ or ‘‘very rapid,
tic-like twitchings’’

1958 Cooper (8) Thalamotomy described for dystonia
1959 Zeman (58) Autosomal dominant inheritance
1960 Zeman (59) Formes frustes of dystonia
1962 Denny–Brown (60) ‘‘Fixed or relatively fixed attitude’’
1967 Zeman and Dyken

(17)
No specific neuropathology in dystonia brains

1976 Cooper (40) 20-year follow-up report on more than 200 patients with
thalamotomy; genetic forms of dystonia improved the most

1976 Marsden (61) Blepharospasm is a form of focal dystonia
1983 Fahn (62) High dosage anticholinergic therapy relieves dystonia
1983 Jankovic and Patel

(63)
Blepharospasm-oromandibular dystonia secondary to rostral

brainstem-diencephalic lesion
1984 DMRF (64) First formal definition of dystonia
1985 Scott et al. (65) Botulinum toxin for blepharospasm
1985 Marsden et al. (21),

Pettigrew and
Jankovic (20)

Dystonia due to basal ganglia lesions

1989 Ozelius et al. (66) Autosomal dominant dystonia linked to chromosome
9q32–34 (DYT1)

1989 Botulinum toxin type A approved by the U.S. Food and Drug
Administration

1992 Laitenen et al. (42) Ablative procedures to pallidal projections to the thalamus
are more effective than thalamotomy, with fewer
side effects

1994 Ichinose et al. (67) Mutations in the guanosine triphosphate-cyclohydrolase I
on chromosome 14q22.1–22.2 identified as cause of
autosomal dominant dopa-responsive-dystonia (DRD,
Segawa disease)

1995 Ludecke (68) Mutation in the tyrosine hydroxylaze gene on chromosome
11p15.5 causes autosomal recessive form of DRD

1997 Ozelius et al. (26) Dystonia gene (DYT1) encodes torsinA, an adenosine
triphosphate-binding protein

2000 Botulinum toxin type A and Type B approved by the FDA for
the treatment of cervical dystonia.

2000 Pallidal deep brain stimulation demonstrated effective for
dystonia

2001 Zimprich et al. (36) Epsilon sarcoglycan gene mutation causes myoclonus-
dystonia (DYT11)

Source: Modified from Ref. 8.
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of dystonia, soon followed. Since that time, the formulation was changed, resulting
in less antigenicity. Numerous other medical indications for the toxin have been
realized (47). Both medical and surgical treatments of dystonia have modified the
natural history of dystonic disorders in that contractures, frequently seen in the past
in untreated patients before such options were available, are now rarely observed.
Furthermore, both patients with focal and generalized forms of dystonia are now able
to reach their full potential and experience meaningful improvement in their quality
of life.

The primary objective of this review has been to provide an introduction and his-
torical perspective on dystonia and highlight some of the advances in our understanding
of this neurological disorder (Table 1). Review of the diagnosis, appropriate investiga-
tions, and treatment options for various dystonic disorders is now available (69,70).

As a result of the advances in our medical and scientific knowledge about
dystonia and dystonic disorders and available effective therapies, there is greater
awareness of this hyperkinetic movement disorder among physicians and the general
public. However, more work is needed to further our understanding of the pathogen-
esis of this complex disorder on a molecular level, and to develop more therapies
targeted at cellular and biochemical changes that are continuously being elucidated
through research endeavors. In this regard, the advances in lentiviral-mediated RNA
interference therapy targeted against mutant torsinA are quite promising (71).
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1. Oppenheim H. Über eine eigenartige Krampfkrankheit des kindlichen und jugendlichen
Alters (Dysbasia lordotica progressiva, Dystonia musculorum deformans). Neurolo-
gisches Zentralblatt, Leipzig 1911; 30:1090–1107.

2. Pearce JM. A note on scrivener’s palsy. J Neurol Neurosurg Psych 2005; 76:513.
3. Wood HC. Nervous Diseases and Their Diagnostics. Philadelphia: Lippincott, 1887.
4. Gowers WR. Gowers WR, ed. A Manual of Diseases of the Nervous System. Philadelphia:

P. Blakiston, 1888:1375.
5. Barraquer Roviralta L. Contribución al estudio de la atetosis. Gac Med Catalana 1897;

20:385–391.
6. Schwalbe MW. Eine eigentumliche tonische krampfform mit hysterischen Symptomen.

Inaugural Dissertation, Berlin, 1907.
7. Ziehen GT. Ein Fall von tonischer Torsionsneurose. Demonstrationen im Psychiatrischen

Verein zu Berlin. Neurologisches Zentralblatt, Leipzig 1911; 30:109–110.
8. Jankovic J, Fahn S. Dystonic disorders. In: Jankovic J, Tolosa E, eds. Parkinson’s Dis-

ease and Movement Disorders. 4th ed. Philadelphia: Lippincott Williams & Wilkins,
2002:331–357.

9. Flatau E, Sterling W. Progressiver Torsionsspasmus bei Kindern. Z Gesamte Neurol Psy-
chiatr 1911; 7:586–612.

10. Ramazzini B. Diseases of Workers. In: Translated from De Morbis Artificum of 1713 by
Wilmer Cave Wright. New York: Haffner, 1964.

11. Duchenne GBA. In: Poore GV, ed. Selections from the clinical works. London: New
Sydenham Society; 1883, 399–409 from De L’electralisation localisée. 3rd ed. Paris: JB
Baillière, 1855:1021–1034.

12. Gowers WR. A Manual of Diseases of the Nervous System. 2nd ed. Philadelphia: Blakis-
ton, 1893:709–711.

13. Thompson JH. A Wry-Necked Family. Lancet 1896; ii:24.
14. Wimmer A. Le spasme de torsion. Rev Neurol 1929; 36:904–915.
15. Herz E. Dystonia. Arch Neurol Psych 1944; 51:305–355.

Introduction to Dystonia 7



16. Goetz CG, Chmura TA, Lanska DJ. History of dystonia: Part 4 of the MDS-sponsored
history of movement disorders exhibit, Barcelona, June, 2000. Mov Disord 2001; 16:
339–345.

17. Zeman W, Dyken P. Dystonia musculorum deformans: clinical, genetic and pathoanato-
mical studies. Psychiatr Neurol Neurochir 1967; 70:77–121.

18. Weiss EM, Hershey I, Karimi M, et al. Relative risk of spread of symptoms among the
focal onset primary dystonias. Mov Disord 2006; 21:1175–1181.

19. Grundmann K. Primary torsion dystonia. Arch Neurol 2005; 62:682–685.
20. Tarsy D, Simon DK. Dystonia N Engl J Med 2006; 24; 355(8): 818–829.
21. Marsden CD, Obeso JA, Zarranz JJ, et al. The anatomical basis of symptomatic hemidys-

tonia. Brain 1985; 108:463–483.
22. Pettigrew LC, Jankovic J. Hemidystonia: A report of 22 patients and a review of the litera-

ture. J Neurol Neurosurg Psychiatr 1985; 48:650–657.
23. Hallett M. Disorder of movement preparation in dystonia. Brain 2000; 123:1765–1766.
24. Eidelberg D, Moeller JR, Ishikawa T, et al. The metabolic topography of idiopathic tor-

sion dystonia. Brain 1995; 118:1473–1484.
25. Hallett M. Pathophysiology of writer’s cramp. Hum Mov Sci 2006; 19:[E pub ahead of

print].
26. Ozelius LJ, Hewett JW, Page CE, et al. The early onset torsion dystonia gene (DYT1)

encodes an ATP-binding protein. Nat Genet 1997; 17:40–48.
27. Breakfield XO, Kamm C, Hanson PI. TorsinA: movement at many levels. Neuron 2001;

31:9–12.
28. Naismith TV, Heuser JE, Breakefield XO, et al. TorsinA in the nuclear envelope. Proc

Natl Acad Sci USA 2004; 101:7612–7617.
29. McNaught KS, Kapustin A, Jackson T, et al. Brainstem pathology in DYT1 primary

torsion dystonia. Ann Neurol 2004; 56:540–547.
30. Jankovic J, Tintner R. Dystonia and Parkinsonism. Parkinsonism Relat Disord 2001;

8:109–121.
31. Ashour R, Jankovic J. Joint and skeletal deformities in Parkinson’s disease, multiple sys-

tem atrophy, and progressive supranuclear palsy. Mov Disord 2006; 28: [E pub ahead of
print].

32. Khan NL, Wood NW, Bhatia KP. Autosomal recessive, DYT2-like primary torsion dys-
tonia: a new family. Neurology 2003; 61:1801–1803.

33. Nolte D, Niemann S, Muller U. Specific sequence changes in multiple transcript system
DYT3 are associated with X-linked dystonia parkinsonism. Proc Natl Acad Sci USA
2003; 100:10347–10352.

34. Segawa M, Nomura Y, Nishiyama N. Autosomal dominant guanosine triphosphate
cyclohydrolase I deficiency (Segawa disease). Ann Neurol 2003; 54(suppl 6):S32–S45.

35. Chaila EC, McCabe DJ, Delanty N, Costello DJ, Murphy RP. Broadening the phenotype
of childhood-onset dopa-responsive dystonia. Arch Neurol 2006; 63:1185–1188.

36. Zimprich A, Grabowski M, Asmus F, et al. Mutations in the gene encoding epsilon-sar-
coglycan cause myoclonus-dystonia syndrome. Nat Genet 2001; 29:66–69.

37. Gerrits MC, Foncke EM, de Haan R, et al. Phenotype-genotype correlation in Dutch
patients with myoclonus-dystonia. Neurology 2006; 66: 759-761.

38. Misbahuddin A, Placzek MR, Chaudhuri KR, et al. A polymorphism in the dopamine
receptor DRD5 is associated with blepharospasm. Neurology 2002; 58:124–126.

39. Placzek MR, Misbahuddin A, Chaudhuri KR, et al Cervical dystonia is associated with a
polymorphism in the dopamine (D5) receptor gene. J Neurol Neurosurg Psychiatr 2001;
71:262–264.

40. Meyers R. The present state of neurosurgical procedures directed against the extrapyrami-
dal diseases. NY State J Med 1942; 42:317–325.

41. Cooper IS. 20-year follow-up study of the neurosurgical treatment of dystonia muscu-
lorum deformans. Adv Neurol 1976; 14:423–452.

8 Shahed and Jankovic



42. Ford B. Pallidotomy for generalized dystonia. In: Fahn S, Hallet M, DeLong MR, eds.
Dystonia 4: Advances in Neurology. Vol. 94. Philadelphia: Lippincott Williams & Wilkins,
2004:287–300.

43. Laitenen LV, Bergenheim AT, Hariz MI. Leksell’s posteroventral pallidotomy in the
treatment of Parkinson’s disease. J Neurosurg 1992; 76:53–61.

44. Vidailhet M, Vercueil L, Houeto JL, et al, French Stimulation du Pallidum Interne dans la
Dystonie (SPIDY) Study Group. Bilateral deep-brain stimulation of the globus pallidus in
primary generalized dystonia. N Engl J Med 2005; 352:459–467.

45. Diamond A, Jankovic J. The effect of deep brain stimulation on quality of life in move-
ment disorders. J Neurol Neurosurg Psychiatr 2005; 76:1188–1193.

46. Erbguth FJ. Historical notes on botulism, clostridium botulinum, botulinum toxin, and
the idea of the therapeutic use of the toxin. Mov Disord 2004; 19(suppl 8):S2–S6.

47. Jankovic J. Botulinum toxin in clinical practice. J Neurol Neurosurg Psychiatr 2004;
75:951–957.

48. Ramazzini B. Diseases of Workers. Translated from De Morbis Artificum of 1713 by
Wilmer Cave Wright. New York: Haffner, 1964.

49. Solly S. Pages of Samuel Solly; King’s College London College Archives. Pearce JMS,
2004.

50. Kerner J. Neue Beobachtungen über die in Württemberg so häufig vorfallenden tödlichen
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INTRODUCTION

During the last decade, dystonia has been increasingly recognized. However, the
body of work concerning the epidemiology of this condition is not extensive. In
the past, barriers to epidemiologic study have included perceptions that dystonia
is rare and associated with relatively low morbidity. In addition, the absence of
validated diagnostic markers for dystonia has limited the careful classification
of subjects with this hyperkinetic movement disorder. A further difficulty has arisen
because dystonia is a heterogeneous condition that is classified according to the age
of onset (early- and late-onset dystonia), body distribution (focal, segmental, multi-
focal, generalized, and hemidystonia), and etiology (primary and secondary
dystonia) (1). Lastly, the evolution of numerous molecular and clinical subtyping
systems has lead to some variation in neurologist attitudes in the recognition and
treatment of dystonia (2).

EPIDEMIOLOGY OF PRIMARY DYSTONIA

Traditionally, primary dystonia refers to a condition in which neurological findings
are limited to the sustained involuntary posture, and no exogenous cause, associated
degenerative disorder, or dramatic response to levodopa to suggest dopa-responsive
dystonia may be found (1). Primary dystonia includes early-onset dystonia (present-
ing before 20 years) with onset in a limb and a tendency to generalize; and late-onset
dystonia (presenting after 20 years) that most commonly manifests in focal
(blepharospasm, oromandibular dystonia, cervical dystonia, laryngeal dystonia,
and upper limb dystonia) or segmental forms (1,3).

Prevalence and Incidence

Of the 14 studies of the prevalence of primary dystonia published as full papers in
peer-reviewed journals or as chapter in books (4–18), six assessed both early- and
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late-onset primary dystonia (4–7,10,15), two focused on early-onset primary dystonia
alone (8,9), and six dealt with late-onset primary dystonia alone (11–14,16,17). Preva-
lence estimates ranged between 3 and 50 cases per million for early-onset dystonia,
and between 30 and 7320 cases per million for late-onset dystonia (Table 1).

This substantial variability probably reflects differences in study design that
influence validity, or differences in the characteristics of study populations (size,
age, and ethnicity) that influence comparability.

Most studies were based on treatment settings (service-based studies) or record
linkage systems. Because such studies fail to capture subjects not seeking medical
advice or those incorrectly diagnosed with other disorders, resulting estimates tend
to be in the lower to the middle range of variability (Table 1). In fact, careful family-
and population-studies suggest that the percentage of underdiagnosis within primary
dystonia may be as high as one- to two-thirds of the affected subjects (15,17,19–22).

Service-based and record linkage system–based studies differed from one
another regarding additional factors related to study design, including case-finding
procedures, method of case examination, and diagnostic criteria. These factors
may impact on the variability of prevalence estimates. Thus, identifying the best
results may provide information on the rate of patients with primary dystonia seek-
ing medical advice and treatment. The methodologically more robust service-based/
record linkage studies on early-onset dystonia were those that referred to specific
diagnostic criteria, set no age-at-onset limits, and included affected relatives as valid
cases. By these studies, the prevalence of patients with primary early-onset dystonia
seeking medical attention ranged from 24 per million in Israel (9), to 40 per million in
Northern England (15), and 50 per million in the Ashkenazi Jews of New York
(Table 2) (8). The methodologically more-robust service-based/record linkage
studies on late-onset dystonia recruited cases from both neurological and nonneur-
ological services, provided diagnostic criteria, and included all forms of late-onset

Table 1 Range of Prevalence Rates Per Million on Early-Onset and Late-Onset Primary
Dystonia According to Study Design

Study design References
Early-onset

primary dystonia
Late-onset

primary dystonia

Service-based studies (5,6,8,10–14) 3–50 61–254
Record linkage system-based studies (4,9,15) 24–40 295–430
Population-based studies (7,16,17) 50 30–7320

Table 2 Prevalence Rates Per Million (Crude Estimates) from Methodologically More
Robust Service-Based/Record Linkage Studies on Early-Onset Primary Dystonia. Data Were
Taken from the Original Report or Calculated According to Available Information

First author, reference number,
nation, years of observation Population sample

Number of cases,
prevalence estimate (95%

confidence interval)

Zilber (9), Israel, 1949–1959 455,169 11, 24 (12–43)
Risch (8), USA (New York), 1990 1,466,800 73, 50 (39–63)
Butler (15), Northern England,

1993–2002
101,766 440 (11–101)
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dystonia. These surveys were conducted in Japan (6), Norway (13), Serbia (14), and
Northern England (15). The crude prevalence of patients with primary late-onset
dystonia seeking medical attention ranged from 101 to 430 per million in distinct
populations (Table 2). This variability may arise from differences in access to the
health system across countries, differences in ethnicity, or both.

Only a few prevalence studies have been population-based. Methodological
efforts to reduce ascertainment error are improved with population-based protocols.
Accordingly, two population studies provide the highest available estimates, China
(7) on early-onset dystonia (50 per million; 95% confidence interval, 10–150) and
Northern Italy (17) on late-onset dystonia (7320 per million; 95% confidence inter-
val, 3190–15640). Noteworthily, the first was a crude estimate, while the latter was
an age-specific prevalence rate. Nonetheless, even these population-based studies suf-
fered from errors in data collection and neither report may be considered as a ‘‘gold
standard’’ for population estimates of dystonia prevalence. The door-to-door study
performed in China (7) screened for a number of neurological disorders and lacked a
systematic approach to diagnosing dystonia. This may well have biased the resulting
prevalence estimates. The Northern Italy survey (17) was performed by movement
disorders experts who examined study subjects referring to specific diagnostic cri-
teria. However, the study was based on a small population sample (707 individuals).
Therefore, its point prevalence rate (7520 per million in the over 50s) might have
been overestimated because of a chance-cluster of cases.

In general, the available prevalence studies on primary dystonia are limited by
errors in data collection. The lack of valid studies means that the number of existing
cases of primary dystonia in the population is difficult to estimate, and few inferences
can be drawn about geographical differences in the prevalence of the condition. To
provide more precise estimates, service-based studies may be adjusted for the likely
fraction of underdiagnosis/misdiagnosis in a given area (Tables 2 and 3).

However, only a few studies provided this information. Based on the cases
identified in the New York survey, considering a percentage of underdiagnosis or
misdiagnosis as high as 50% in the study area, Risch et al. (8) estimated the true
prevalence of primary early-onset dystonia among the Ashkenazim of the New York
area to be 111 per million. The Northern England survey (15) considered that 20%
to 30% of the local dystonia population still remained undetected, which yielded a
possible crude prevalence of primary late-onset dystonia of about 600 per million.
Finally, it has been suggested that the lower limit of the 95% confidence interval

Table 3 Prevalence Rates Per Million (Crude Estimates) from Methodologically More
Robust Service-Based/Record Linkage Studies, Studies on Late-Onset Primary Dystonia.
Data Were Taken from the Original Report or Calculated According to Available
Information

First author, reference number,
nation, years of observation

Population
sample

Number of cases, prevalence
estimate (95% confidence

interval)

Matsumoto (6), Japan, 2000 1,459,130 146, 101 (84.5–118)
Dung Le (13), Norway, 1999–2002 508,726 129, 254 (212–301)
Pekmezovic (14), Serbia, 2001 1,602,226 165, 136 (116–159)
Butler (15), Northern England,

1993–2002
101,766 43, 430 (306–569)

Epidemiology of Primary and Secondary Dystonia 13



(approximately 3000 per million) of the estimate provided by the population survey
performed in Northern Italy (17) may reflect the prevalence of late-onset dystonia in
the Italian population aged 50 or more (23). Certainly, the foregoing considerations
lack sound statistical support. Nevertheless, they suggest that primary dystonia is
probably much more prevalent than previously thought.

The incidence of primary dystonia has been examined to date only in the study
conducted by Nutt et al. (4) based on the Rochester epidemiology project. The
resulting crude estimates found early-onset dystonia occurring in two per million
persons per year, and late-onset primary dystonia in 24 per million persons per year.
These estimates are considered to be low secondary to case ascertainment based on
review of medical charts rather than on subject examination. The information is
further limited by a change in the coding of patients, that the case-finding period
was between the years 1950 and 1982, and late-onset focal dystonia was not recog-
nized as a neurological disease until 1976 (24).

Risk Factors and Etiology

Risk factors for primary dystonia include age, sex, and ethnicity. A number of stud-
ies have reported an age-associated rise in the prevalence of late-onset dystonia
(6,10–14), and when rates are adjusted by gender, the expression of dystonia appears
higher in women (11–14). Although it is not known whether increasing age in female
gender plays a role in gene expression, a recent meta-analysis of 83 clinical series (25)
suggests a caudal to rostral shift of site of onset of late-onset dystonia with increasing
age. In this review, dystonic symptoms appeared in the upper limb and neck earlier
than in the face. Interestingly, focal dystonias in the craniocervical area are more
common in women and occupational limb cramps in men, while no clear gender
difference is observed for early-onset generalized dystonia (15). Ethnicity as a risk fac-
tor is clearly supported by two prevalence studies. In Israel (9) early-onset dystonia was
most common in Jews of Eastern European or Ashkenazi ancestry, with prevalence
estimates being approximately 44 per million (and 24 per million overall). In Norway
(13) the prevalence of late-onset dystonia was higher in subjects of European descent
(283 per million) than among first-generation immigrants of Asian and African
descent (34 per million).

Several studies have demonstrated unequivocally that primary dystonia can
aggregate in families (19,21,26,27), and family history of dystonia is considered
the most important of the known risk factors for primary dystonia. Although the
presence of more than one affected member in the same family nucleus may be
because of chance or because of shared environmental factors, a genetic contribution
seems highly likely. To date, one gene (DYT1) and three disease-associated loci
(DYT6, DYT7, and DYT13) have been identified (28). The DYT1 gene is associated
with a significant proportion of cases with early-onset generalized dystonia, but has
more recently been linked to a family with late-onset limb dystonia. Most recently, it
has been suggested that the haplotype of the DYT1 gene can contribute to disease-
risk for apparently sporadic primary dystonia (29).

The DYT6 locus was mapped in two families with a form of childhood-onset
and adult-onset cranial cervical dystonia (28). The DYT7 locus localizes to the
30 cM region on chromosome 18 between D18S1153 and 18pter. This locus has
been mapped in a large German family with predominantly adult-onset cervical
dystonia (CD) (28). The DYT13 locus was identified in an Italian family phenoty-
pically heterogeneous for age of onset and affected body parts (28). It is worth noting
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that these associations have not be replicated in many other late-onset dystonia
families, suggesting other yet unmapped loci (30,31).

In these primary dystonia families, the pattern of transmission is compatible
with an autosomal dominant inheritance trait having about 40% to 60% penetrance
for early-onset dystonia (32) and 20% penetrance for late-onset dystonia (33). This
transmission pattern, the existence of intrafamilial differences in age of onset and
disease severity (34), and the imperfect concordance of the clinical characteristics
shown by identical twins with primary dystonia (35,36), suggest that environmental
factors may contribute to the incomplete penetrance. However, only a few environ-
mental factors have been assessed using epidemiological techniques.

An earlier case-control study of subjects with early-onset dystonia failed to
demonstrate an association between history of abnormal birth, neonatal disorders,
autoimmune diseases, and toxic exposure (37). More recently, Saunders et al. have
postulated that childhood illnesses developing at age six or earlier may precipitate
dystonia among DYT1 carriers, thus suggesting the existence of a vulnerability
window (38). A large Italian case-control study of late-onset dystonia subjects found
no association with occupational hazards, wine drinking, life events, and age-related
medical diseases such as diabetes mellitus and arterial hypertension (39). A number
of controlled studies support local tissue injury as a trigger for topographically
related focal dystonia, such as diseases of the anterior segment of the eye (blepharitis,
kerato-conjunctivitis, dry eye) and blepharospasm (39,40), neck trauma and cervical
dystonia (39), upper respiratory tract infection, and laryngeal dystonia (41). Further-
more, age of disease onset and the onset of blepharospasm was also suggested as a
window of vulnerability for subjects developing blepharospasm (40).

Minor injuries associated with repetitive movements or postures of a certain
body part have been also proposed as risk factors for focal dystonia. Focal hand,
tongue, or embouchure dystonia in musicians represent possible repetitive injuries
leading to occupational cramps. In an effort to replicate this paradigm, monkeys
were trained to manipulate a vibrating joystick for long periods of time. Eventually
the animals lost the ability to correctly accomplish these tasks for the delivery of a
food pellet, and demonstrated motor control impairments suggestive of dystonia (42).
To date, no controlled study specifically assessed activities at work associated with
repetitive motor actions or changes in sensory stimuli as risk factors for focal dysto-
nia. Nevertheless, there is indirect evidence linking focal hand dystonia with working
activities that require repetitive and accurate motor tasks. Altenmuller estimated the
prevalence of focal hand dystonia among musicians to be as high as 0.5% in 10,000
performing German musicians (43), whereas the prevalence of the condition in the
general population was considerably lower (see previous section). Two observations
further support a role of activity at work for the development of task-specific focal-
hand dystonia among musicians. First, patients often date the onset of dystonia to
an increase in practice time, change in technique, or an attempt to take a challenging
repertoire (43,44). Second, the hand that performs the more complex task is more
likely to develop dystonia (43).

The concept of peripheral injury inducing focal dystonia fits with current
knowledge on the neurophysiology of dystonia. Repetitive motor actions and per-
ipheral injury or its consequences (painful symptoms, immobilization procedures,
or both) might induce plastic reorganization of cortical and subcortical structures
leading to the changes of motor excitability and representation maps of sensorimotor
cortex seen in dystonia (45). However, the limited number of controlled studies, the
widespread occurrence of injury, the paucity of reported cases of focal dystonia
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following such an event, and the retrospective assessment of injury do not exclude
the possibility of a coincidental association (46).

Comorbidity

In the last few years, several controlled studies have reported clinical manifestations
other than dystonia in patients with primary dystonia. A longitudinal study showed
that patients with blepharospasm are more prone to develop Parkinson’s disease
(PD) than age- and sex-matched control subjects (47). This observation agrees with
a recently reported animal model suggesting a minor reduction of the dopaminergic
transmission as a permissive factor in the development of blepharospasm (48).
Another report demonstrated the higher frequency of blepharospasm among hemi-
facial spasm patients than among age- and sex-matched neurological controls (49).
Coexistence of these cranial movement disorders may indicate overlapping neuro-
physiological changes in the blink reflex circuitry (50). Two case-control studies found
a higher frequency of idiopathic scoliosis developing in middle or late childhood or at
around puberty in cervical dystonia than in control patients (51,52). Prior scoliosis
may induce compensatory involuntary postures of the neck or alter peripheral sensory
input from the trunk, thus inducing central cortical/subcortical reorganization leading
to involuntary contractions of cervical muscles. Finally, some authors have reviewed
the association of psychiatric disorders as part of the spectrum of primary dystonia.
Brooks et al. (53), found a significantly higher frequency of compulsive symptoms in
patients with primary blepharospasm than in patients with hemifacial spasm despite
the clinical similarity. A recent controlled study documented an increased risk for recur-
rent major depression in DYT1 carriers (54). Psychiatric comorbidity might indicate a
common pathophysiologic background for primary dystonia, obsessive compulsive dis-
order, and depression, possibly a disturbed function of striato-thalamo-cortical circuitry.

EPIDEMIOLOGY OF SECONDARY DYSTONIA

Secondary dystonia includes inherited disorders (i.e., dopa-responsive-dystonia,
X-linked dystonia-parkinsonism, alcohol responsive myoclonus-dystonia, and heredo-
degenerative diseases such as Wilson’s disease and Huntington’s disease), parkinsonian
(i.e., multiple system atrophy, progressive supranuclear palsy, and corticobasal degener-
ation) and environmental or acquired causes (i.e., perinatal injury, drug abuse, and
stroke) (1).

Current prevalence data are available for dopa-responsive dystonia (0.5 cases
per million in both England and Japan) (55) and X-linked recessive dystonia parkin-
sonism (1 out of 4000 in males in the Panay province of Capiz) (56). Given the
phenotypic variability of both conditions and the possibility of misdiagnosis, these
figures are probably underestimated.

The frequency of dystonia in heredodegenerative diseases remains debated
because estimates were based on a few small clinical series from specialized clinics.
For example, in Wilson’s disease, the frequency of dystonia varied from 37% in a
Yugoslavian series (57), to 81% in Maroc (58), and 96% in Eastern India (59).
Furthermore, capture of clinical information often varies with collection methods.
In a series of Huntington’s disease patients followed by Columbia University, the
prevalence of dystonia of any severity was reported to be 95%, but only 16.7% of
the patients had dystonia that was severe and constant (60).
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People with PD, particularly in younger-onset patients, may frequently report
limb dystonia with exercise or with the declining (wearing-off) effect of antiparkinson
therapies. In addition, axial or limb dystonia may often be helpful in subclassifying
parkinsonism syndromes. Asymmetric limb dystonia, particularly affecting one arm,
may be a common manifestation of corticobasal ganglionic degeneration: in a large
clinical series of 66 patients, 59% had dystonia (61). Cervical or unilateral limb dystonia
was reported to occur in 46% of 24 untreated clinically probable multiple system atro-
phy patients; in this sample, levodopa-induced dyskinesias occurring in 12 out of 18
patients were almost exclusively dystonic affecting craniocervical musculature (62).
Dystonic features, mainly cranial and limb dystonia, occurred in 46% of 83 patients
with clinically diagnosed progressive supranuclear palsy (63). However, in contrast to
these clinical reports, very few clinicopathologic observations on multiple system
atrophy (6 out of 140) and progressive supranuclear palsy (15 out of 118) included con-
vincing dystonic manifestations (64).

Among the acquired forms of secondary dystonia, illicit and prescribed drug use
and stroke are prominent causes. Although the list of drugs that can induce acute dys-
tonic reactions and tardive dystonia is quite long, dopamine receptor-blocking drugs or
neuroleptic drugs are probably the most frequent cause of acute dystonia. Tardive
dystonia mainly affecting the cranial cervical area was reported to occur in 4% to
13% of the patients on long-term neuroleptic treatment (65,66). The poststroke fre-
quency of dystonia is difficult to estimate because most reports are of isolated cases
or series of patients with a given type of anatomical lesion. In a recent report (67),
56 out of 1500 patients with stroke developed abnormal involuntary movements includ-
ing dystonia (16 patients, 1%) up to one year after stroke. Patients with stroke-related
dystonic postures were younger than patients with other movement disorders. Dystonia
was most frequently related to lentiform nucleus lesions, being less frequently associ-
ated with lesions of the brainstem, spinal cord, and cerebellum.

CONCLUSIONS

The number of existing cases of primary dystonia in the population is not precisely
known, but the condition is probably much more frequent than reported. By the best
available estimates, primary dystonia should be considered the third most frequent
movement disorder after essential tremor and PD. The most likely etiologic scenario
suggested by epidemiological data is that primary dystonias are products of a genetic
background and an environmental insult. Clinical onset in childhood/adolescence is
not associated with birth or neonatal disorders. Likewise, clinical onset in the adult
life is not associated to age-related medical conditions such as diabetes and arterial
hypertension. Early viral childhood illnesses might favor the development of early
onset generalized dystonia in DYT1 carriers. Local injury may be a trigger for
topographically related focal dystonia. Possibly, some environmental factors could
closely interact with age to trigger dystonia. There is evidence suggesting that the
spectrum of the disease might include other neurological (PD), psychiatric (obsessive
compulsive disorder and depression), and orthopedic (idiopathic scoliosis) manifes-
tations. Thus, the traditional view that the clinical features of primary dystonias are
relatively restricted should no longer be accepted. Comorbidity might be a reflection
of the genetic abnormality, indicating the substrate on which the dystonia develops,
or a reflection of the developed dystonia on the background substrate.
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The frequency of secondary dystonias is extremely difficult to estimate because
methods of ascertainment are inconsistent and many cases are so rare as to make any
true epidemiological estimation inaccurate with current data.
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INTRODUCTION

Definition and Classifications

Inherited dystonias are a clinically and genetically heterogeneous group of
movement disorders. Despite this variability, there is considerable overlap between
different forms of dystonia, as they all share the common features of involuntary
twisting and repetitive movements resulting in abnormal postures (1). More recently,
efforts have been made to clarify the terminology of the dystonias, but confusing
definitions remain. The term ‘‘dystonia’’ itself conveys three different meanings: first,
a physical sign; second, a syndrome of sustained muscle contractions; third, the dis-
ease ‘‘idiopathic (or primary) dystonia’’ (2). The latter term ‘‘idiopathic dystonia’’ or
‘‘primary dystonia’’ usually refers to the genetic forms of dystonia that clinically
manifests as dystonia and sometimes tremor (3).

Several classification schemes have been used to categorize the various forms of
dystonia, and are useful when trying to establish the diagnosis of a specific (genetic)
form of dystonia. The simplest classification of dystonia distinguishes primary and
secondary forms. Recent studies indicate a prevalence of 1.8% of adults aged 50
to 89 years with primary or secondary dystonia (4). In the primary forms, dystonia
is the only sign of the disease (with the exception of tremor), and the cause is either
unknown or genetic. In the secondary forms, dystonia is usually only one of several
disease manifestations and the cause may be genetic or due to other insults (e.g.,
lesions, trauma, drugs/toxins, and metabolic disorders). Uncertainties exist about
how to categorize the dystonia-plus group that is considered a special subtype asso-
ciated with other types of movement disorders, but not secondary to them. The
traditional clinical categorization of the dystonias is based on age at onset, site of
onset, distribution of symptoms (focal, segmental, multifocal, and generalized),
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and disease progression. Early onset dystonia often starts in a limb, tends to general-
ize, and frequently has a genetic origin, whereas adult onset dystonia usually spares
the lower extremities, frequently involves cervical or cranial muscles, has a tendency
to remain focal, and appears to be sporadic in most cases (5–7).

Genetic features used for classification purposes include mode of inheritance
and molecular genetic data, such as linkage to a known gene locus or identification
of a specific genetic defect (Table 1). In the past decade, monogenic defects have been
found to underlie many forms of primary dystonia and dystonia-plus syndromes.
These monogenic forms of dystonia have been ‘‘classified’’ according to the gene
loci involved. However, this list of ‘‘DYTs’’ cannot be considered a classification
in the true sense of the word. Rather, it represents an assortment of clinically and
genetically heterogeneous disorders, which names the monogenic dystonia genes
responsible in chronologic order based on their first appearance in the literature.
Although some of these forms can be recognized clinically by a characteristic pheno-
type, considerable phenotypic overlap exists between several of the genetically
defined forms. The list of DYT loci will continue to lengthen as additional genes
are implicated in various forms of primary dystonia.

Clinical and Genetic Heterogeneity of the Dystonias

The clinical and genetic heterogeneity of the dystonias often complicates diagnosis.
First, phenotypic heterogeneity may lead to clinical misclassification. For example,
carriers of the same GAG deletion in the DYT1 gene may be unaffected or may
present with mild writer’s cramp, severe generalized dystonia or a jerky type of
dystonic tremor reminiscent of myoclonus-dystonia (M-D) (8). Second, genetic
heterogeneity exists in cases with virtually identical movement disorders, e.g.,
M-D, can be caused by defects in different genes [e.g., DYT11 and DYT15 (9)].
Third, phenotypically different manifestations of the underlying defect may appear
in the same patient over time. For example, four members of a family with geneti-
cally proven SCA17 presented first with a purely dystonic syndrome, which was
followed later by ataxia and other signs consistent with spinocerebellar ataxia
(unpublished observation) (10). Patients with early onset Parkinson’s disease, e.g.,
caused by mutations in the Parkin gene, frequently manifest first with dystonia (11).

Evaluation of a Patient for Possible Genetic Dystonia

The majority of patients with primary dystonia suffer from focal dystonias that have
been shown to be monogenic only in rare, single families (12–14). Most primary focal
dystonia is believed to be multifactorial in etiology, with recent association studies
implicating genes for torsinA and B (see DYT section). From a genetic testing point
of view, it is, therefore, important to recognize possible features of dystonia pointing
toward a monogenic form. In addition to an early age of onset, several other lines of
evidence may indicate a genetic etiology, including a positive family history, a spe-
cific clinical picture [for example, dystonia with diurnal variation that worsens after
exercise suggesting dopa-responsive dystonia (DRD)], and a specific ethnic back-
ground (for example, DYT1 dystonia is more common among Ashkenazi Jews). It
has to be stressed, however, that a genetic etiology should be suspected also in
patients with a negative family history. Nonpaternity, adoption, small family size,
reduced penetrance, variable expressivity, and de novo mutations may all account
for a ‘‘pseudo’’-negative family history in the presence of a monogenic dystonia.
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An accurate description of the dystonia phenotype is the second step when eval-
uating a patient for a monogenic form of dystonia. Important diagnostic hints can also
be derived from the disease course (Fig. 1). For example, a sudden-onset dystonia dis-
order over a range of ages is compatible with rapid-onset dystonia-parkinsonism
(DYT12). Many dystonias can be triggered or exacerbated by nonspecific factors, such
as stress, fatigue, action or/and certain postures. However, more specific triggers may
indicate a specific type of dystonia. For instance, alcohol, caffeine, sudden or pro-
longed movements, and exercise may each precipitate paroxysmal dystonias/dyskine-
sias (DYT8 and DYT10). Response to treatment may also aid in the confirmation of a
diagnosis, as a ‘‘therapeutic’’ response to alcohol is characteristic of M-D (DYT11 and
DYT15), and improvement with l-dopa supports a diagnosis of DRD (DYT5).

Genetic Testing for Monogenic Dystonias

With the exception of DYT1, genetic testing guidelines for dystonia are still being
formulated (15), and several important points need to be considered in evaluating
the informativeness of testing (Table 2). These include the primary indication;
mutation frequency; concerns regarding the implications of symptomatic, presymp-
tomatic, and prenatal testing; availability and feasibility of specific dystonia gene
screening; prognosis of the type of dystonia being diagnosed; therapeutic manage-
ment decisions, and patient confidentiality concerns.

Several dystonia-associated genes contain a large number of exons [e.g., epsi-
lon-sarcoglycan (SGCE) with 11 exons and Naþ/KþATPase alpha 3 (ATP1A3) with
23 exons], and gene dosage alterations (heterozygous deletions of whole exons or of
the entire gene) have been found in cases, such as for the guanosine triphosphate
cyclohydrolase I gene (GCHI) and the SGCE gene (16–18). Therefore, with the
exception of testing for the recurrent GAG deletion in the DYT1 gene (19),
the mutational analysis of dystonia genes is technically demanding, labor-intense,
and expensive. Importantly, a negative result does not fully exclude a mutation in
the gene being tested, as introns and promoter regions are not usually sequenced
and variations in those sequences are hard to interpret; gene dosage assays to test
for whole exon deletions are not routinely performed, and the sensitivity and speci-
ficity of many of the methods used are less than 100%.

Figure 1 Clinical classification of DYT dystonias.
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Genetic testing has become commercially available for several forms of dysto-
nia, including DYT1 (early onset torsion dystonia with a common mutation in the
TOR1A gene), DYT5a (DRD with mutations in the GCHI gene), and DYT11
(M-D with mutations in the SGCE gene). Mutations in the other known dystonia
genes for DYT3, DYT5b [tyrosine hydroxylase (TH)], DYT8 [myofibrillogenesis
regulator 1 (MR-1)], and DYT12 (ATP1A3) are currently only being analyzed in sel-
ect research laboratories.

Genetic testing for monogenic dystonias, when available, can provide a power-
ful tool to identify at-risk individuals based on their mutational status. These
advances are paralleled by the development of novel neuroimaging modalities and
other techniques used to identify preclinical changes, such as abnormalities on posi-
tron emission tomography (PET) or magnetic resonance imaging (MRI) associated
with DYT1 carrier status (20–22). These subtle changes in brain metabolism and
structure, and in motor sequence learning seen in unaffected DYT1 carriers, for
example, highlight the issue of where exactly to draw the line in designating an indi-
vidual as ‘‘affected.’’ More generally speaking, reduced penetrance and variable
expressivity are important features of hereditary dystonias that need to be considered
when it comes to genetic counseling of a dystonia patient. These issues will be specif-
ically addressed for each of the monogenic dystonia forms discussed below.

Monogenic Forms of Dystonia: DYT1–15

Currently, at least 15 different types of dystonia can be distinguished genetically, and
are designated DYT1-15 (Table 1). Six of these 15 dystonias are considered primary
(DYT1, DYT2, DYT4, DYT6, DYT7, and DYT13), with the remainder classified as
dystonia-plus syndromes. With the exception of three rare forms (DYT2, DYT3,
and DYT5b), all of them follow an autosomal dominant pattern of transmission with
reduced penetrance, and in at least one case (DYT11) with maternal imprinting.
Genes have been identified for six of these monogenic dystonias (DYT1, DYT3,
DYT5, DYT8, DYT11, and DYT12), and the chromosomal location is known for
another seven forms (DYT6, DYT7, DYT9, DYT10, DYT13, DYT14, and DYT15).
The known DYT gene products cover a broad range of functions including an
endoplasmic reticulum (ER) chaperone protein (DYT1), transcription factor (DYT3),
ion channel pump energizer (DYT12), putative detoxifying enzyme (DYT8), enzymes
critical to dopamine synthesis (DYT5), and an interactive protein between the cell
membrane and cytoskeleton (DYT11). Clearly, it is especially important for clinical
neurologists to identity families with multiple members affected with these rarer
forms and work with geneticists to define the clinical spectrum of the dystonia and
identify the disease gene to provide insights into molecular etiology. Because most
of the hereditary dystonias have reduced penetrance and no apparent neuronal
degeneration, there is hope that understanding of the etiology can be used to reduce
penetrance further and inform possible therapeutic interventions. This chapter is
organized to provide information on the DYT dystonias in order of their prevalence.

DYT1 DYSTONIA (DYSTONIA MUSCULORUM DEFORMANS,
OPPENHEIM’S DYSTONIA, AND EARLY ONSET
GENERALIZED DYSTONIA)

Early-onset, generalized dystonia, caused by a mutation in the TOR1A gene, is the
most common and severe of the hereditary dystonias, with an estimated frequency
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in the Ashkenazi Jewish population of at least 1 out of 9000 and a 5- to 10-fold lower
frequency in non-Jewish populations (23,24). Symptoms, including sustained muscle
contractions and abnormal posturing, typically begin in childhood (mean age 13
years, range 1–28 years) with twisting of an arm or leg, and progression to involve
other limbs and torso, but usually not the face and neck (15,25). There is a tendency
for symptoms to move up the body, and later onset cases to be less severe. Most
cases are caused by a specific mutation, a three base pair (bp) deletion (GAG) in
the coding region of the TOR1A gene. While this mutation accounts for about
60% of cases in the non-Jewish population, because of a founder effect, it comprises
about 90% of cases in the Ashkenazi Jewish (15,19,26).

DYT1 dystonia is inherited in an autosomal dominant manner with reduced pen-
etrance (only about 30% of mutant gene carriers are affected) and variable expressivity
with respect to age and site of onset and progression (27). If symptoms do not occur
prior to 28 years of age in carriers, they usually remain unaffected for the rest of their
life. Symptoms can be as mild as writer’s cramp (28). Unaffected carriers have been
shown to have a delay in motor sequence learning (20), as well as altered metabolic
activity and anatomic pathways in certain brain regions as determined by PET and
MRI, respectively (21,29). Recent studies also indicate an increase of depressive disorder
in both affected and unaffected carriers (30). Collectively these findings suggest possible,
developmental abnormalities in neuronal circuitry in DYT1 mutation carriers. Factors
contributing to penetrance have not been identified, but are presumed to involve
coinheritance of other polymorphisms in functionally related loci or environmental
insults. Although some have suggested that drug exposure (31), peripheral injury (31),
viral infection (32), or polymorphisms at the TOR1A locus (Ozelius et al., unpublished
data) may increase susceptibility, these hypotheses have not been proven.

The GAG deletion in TOR1A has occurred de novo in many ethnic populations,
with a relatively high frequency, possibly due to repeated sequence in that region of the
gene (33). Only a few other sequence variations in the coding region have been
described, including an 18-bp deletion described in a family with M-D, which also car-
ried a mutation in the DYT11 gene (11,34) and a 4-bp deletion in an apparently
normal individual, who was not examined neurologically (8). Several polymorphisms
have been identified including a single-bp substitution in which an aspartic acid codon
(allele frequency 88%) is replaced by a histidine codon (allele frequency 12%) (11).
Interestingly, the frequency of the histidine codon is much reduced (allele frequency
4%) in affected DYT1 carriers as compared to the normal population, suggesting it
may have a role in penetrance (Ozelius, unpublished data). Several other polymorph-
isms have been described, which do not affect coding sequences of the DYT1 gene, but
which define a haplotype in the Icelandic population, which is strongly associated with
apparently sporadic, late onset focal dystonia, suggesting a possible role for the
TOR1A gene or the neighboring homologous TOR1B gene in these cases (35).

An understanding of the function of the protein, torsinA, encoded in TOR1A
may provide some insight into the etiology of early onset torsion dystonia. TorsinA
and its four homologues, torsinB, torp2, and torp3, are members of the superfamily
of ATPases associated with a variety of activities (AAAþ) (26,36,37), which have
many different functions including protein processing and degradation, organelle
biogenesis, intracellular trafficking, and vesicle recycling (38,39). TorsinA is expres-
sed throughout the body and at high levels in specific neuronal populations in the adult
human brain, including in the substantia nigra, thalamus, and cerebellum (40–42).
Interestingly, in the rodent and human brain highest levels of expression occur
in the early postnatal period (43–45) and homozygous knockout mice for torsinA

28 Klein et al.



die at birth (46,47). This suggests that torsinA is needed in development of the ner-
vous system, as well as for functional activity throughout life.

The function of torsinA is not yet delineated. Most of the protein appears to be
located in the lumen of the ER and expression of the GAG-deleted cDNA (resulting
in loss of a glutamic acid residue in the carboxy terminal region) leads to formation of
whorled, membrane inclusions derived from the ER and abnormalities in the nuclear
envelope (48–51). TorsinA-positive inclusions have been noted in the midbrain of
DYT1 patients (52), although no loss of neurons has been found in any brain regions
(41,52–54). Different studies suggest involvement of torsinA in cytoskeletal dynamics,
which may be important in neurite extension during development (55), in processing
of proteins through the secretory pathway (56), and in degradation of mutant pro-
teins (57,58).

Genetic testing for the GAG deletion in early onset dystonia is widely avail-
able, relatively inexpensive, and clearly indicated for any non-DRD case with onset
in childhood (less than 26 years and without other medical symptoms), especially if
the affected individual is of Ashkenazi Jewish descent or has other affected family
members. Using age of onset of 26 as a criterion results in 100% sensitivity with
acceptable specificities ranging from 43% (in non-Jews) to 63% (in Ashkenazi Jews)
however, if criteria are set more narrowly to include only those with early limb onset
specificity improves (70–80%), but sensitivity drops (94–96%) (15). Guidelines and
advice on testing are available (15,19). However, there are a number of atypical dys-
tonia cases where the GAG deletion has also been demonstrated including late onset
after exposure to haloperidol with severe bulbar involvement (31), late onset mani-
festing as tremor (31), clonic dystonia and generalized dystonia with developmental
delay (8), writer’s cramp (13,28), stiff-person syndrome in a child (59), onset in
cervical regions (15), onset at 64 or 73 years of age (19,60), and unilateral myoclonic
dystonia (61). It is clear then that the DYT1 GAG deletion can manifest, albeit rarely,
in atypical ways and, at the same time, that a substantial fraction of classic early onset
generalized dystonia, especially in the non-Jewish population, is not caused by this
mutation. Other loci associated with adolescent-onset generalized dystonia, but with
more prominent cranial and cervical involvement include DYT6 in the Mennonite
population (62) and DYT13 in an Italian family (14). In addition to helping with dif-
ferential diagnosis, information as to the presence of the GAG deletion can be used
to advise other family members and may have a therapeutic correlate, as affected
mutation carriers appear to respond well to deep brain stimulation (63,64). It is critical
that genetic testing for DYT1 be accompanied by counseling due to variable penetrance
and expressivity of the DYT1 mutation, the lack of a nonintrusive therapy, and the
otherwise normal health and intelligence of mutation carriers.

DYT5 DYSTONIA (DOPA-RESPONSIVE DYSTONIA;
SEGAWA SYNDROME)

DRD is characterized by childhood onset of dystonia, diurnal fluctuation of symp-
toms, and a dramatic response to L-dopa therapy. Later in the course of the disease,
parkinsonian features may occur (65,66) and may, in rare cases, be the only sign
of the condition (67). In addition, a variety of atypical presentations of DRD have
been described that include for example, onset in the first week of life, generalized
hypotonia, and proximal weakness (68,69) or psychiatric abnormalities (70,71). While
a rare autosomal recessive form of DRD (DYT5b) is associated with mutations in the
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TH gene, the more frequent form of DRD (DYT5a) is dominantly inherited and
usually caused by mutations in the GCHI gene. GCHI encodes the enzyme GTPCH
that catalyzes the first step in the biosynthesis of tetrahydrobiopterin (cofactor for
TH) as a homodecamer (72). DRD patients have abnormally low levels of GTPCH
activity due to a dominant-negative effect of the mutated allele, leading to dopamine
depletion and explaining the remarkable therapeutic effect of L-dopa administration.
However, GCHI mutations have only been identified in 40% to 60% of clinically typi-
cal DRD patients (73). Recently, heterozygous exon deletions in GCHI have been
demonstrated (16,74,75) that were not detectable by conventional screening methods,
suggesting that heterozygous exon deletions may account for at least 10% of the
‘‘mutation-negative’’ cases. Genetic heterogeneity is suggested by the report of a single
family with autosomal dominant DRD that appears to map to a region on chromo-
some 14q13 located outside the GCH1 gene region, which has been designated
DYT14 (76). This condition is associated with severely hypomelanized dopaminergic
neurons in the substantia nigra and locus ceruleus, but no Lewy bodies (76).

Other autosomal recessive dystonia-plus syndromes, which have DRD as a
component have mutations in other genes involved in biopterin and dopamine
synthesis, including those encoding 6-pyruvoyl-tetrahydropterin synthase, sepia-
pterin reductase deficiency, dihydropterine reductase, and aromatic L-amino acid
decarboxylase (77). In one family a haploinsufficiency of sepiapterin reductase also
underlies a typical DRD phenotype (78).

Mutation carriers show a high degree of both inter- and intrafamilial pheno-
typic variability and reduced penetrance. Interestingly, penetrance is lower among
men than women. The underlying mechanisms affecting penetrance are not yet
resolved, but the ratio between wild-type transcript/protein and mutated tran-
script/protein seems to play a critical role as indicated in two small families with
DRD and mutations in GCHI (79,80).

In most cases, the diagnosis of DRD can be established clinically (including a
positive L-dopa response) and may be supported by the results of cerebrospinal fluid
analysis showing decreased catecholamine metabolites and a phenylalanine-loading
test with elevated phenylalanine/tyrosine levels (81). Genetic testing for GCHI muta-
tions is commercially available, but does not include routine testing for heterozygous
exon deletions. The latter accounts for a considerable number of ‘‘mutation-nega-
tive’’ cases, but is currently performed only in select research laboratories. GCHI
mutations are spread across the entire gene (six exons) with most families having
‘‘private’’ mutations. [For a listing of known mutations see www.bh4.org/biomdb.
summary.html (82)] Mutation-negative, clinically typical cases should ideally be
tested for exon deletions. Overall, genetic analysis of the GCHI gene is relatively
labor-intense and expensive. As the diagnosis can usually be made on clinical
grounds and the detection of a mutation does not affect treatment or prognosis of
the condition, genetic testing should be limited to patients and families with a special
need for genetic counseling, to cases posing diagnostic difficulties or to the research
setting. Important counseling issues, such as reduced penetrance and variable expres-
sivity, cannot currently be predicted in individual cases even within families.

DYT11 (AND DYT15) MYOCLONUS-DYSTONIA

M-D is a movement disorder characterized by a combination of rapid, brief muscle
contractions, and/or sustained twisting and repetitive movements that result in
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abnormal postures. Symptom onset is usually in childhood or early adolescence
(13,83–88). The disease is inherited as an autosomal dominant trait with reduced
penetrance (87,89). Loss-of-function mutations in the SGCE gene on chromosome
7q21 have been implicated in numerous families with DYT11 M-D (9,17,18,34,86,
88,90–98). DYT15 M-D, which has been described in a single family only, is phenoty-
pically similar to DYT11 M-D with an yet unidentified gene on chromosome 18p (99).

Various terms have been used to describe M-D in the literature, including myo-
clonic dystonia, inherited M-D syndrome, alcohol-responsive myoclonic dystonia,
hereditary essential myoclonus, and DYT11 and DYT15 dystonia. Several articles
address the issues underlying this terminology debate (83,100–102).

The myoclonic jerks typical of M-D are brief, lightning-like movements most
often affecting the neck, trunk, and upper limbs with legs affected less prominently.
Myoclonus is usually the presenting symptom. In most affected individuals, the myo-
clonic jerks show a dramatic lessening in response to alcohol (83,89,103). However,
the alleviation of symptoms following alcohol ingestion varies among and between
families (85,104). Approximately half of affected individuals have focal or segmental
dystonia that presents as cervical dystonia and/or writer’s cramp (34,86). In contrast
to primary torsion dystonia (15), involvement of lower limbs is rare and usually does
not occur at onset. In addition, the dystonia does not tend to worsen or generalize in
the course of the disease. Rarely, dystonia is the only manifestation. Seizures have
been reported in two families with M-D, but the significance of this finding is still
unclear (93,105).

The most prominent nonmotor features have been psychiatric disease reported
in some (103,106,107), but not all (108) families. Reported psychiatric problems
include depression, anxiety, and obsessive-compulsive disorder (OCD) (107,109);
depression, personality disorders, and addiction (106); and panic attacks (110). How-
ever, a systematic study of psychiatric illness was neither performed in most of these
M-D families, nor did these features segregate with the M-D mutation. Saunders-
Pullman et al. (109) did study psychiatric features in detail in three families linked
to chromosome 7q and found an association between OCD and M-D. In agreement
with these results, OCD was detected in combination with M-D in several other 7q-
linked families (91,96).

Reduced penetrance on maternal transmission of the disease allele has been
observed, suggesting maternal genomic imprinting of the SGCE gene (90). This
suggestion is consistent with data showing that the murine SGCE gene is primarily
transcribed from the paternal allele and is, therefore, maternally imprinted (110).
Furthermore, using polymorphic markers and heterozygous SGCE knockout mice
exclusive expression of the paternal allele was found in mouse brains (111). Two
studies demonstrated paternal transmission of the SGCE mutant allele in affected
individuals (92,112), as well as DNA methylation differences, supporting maternal
imprinting of the human gene. It is speculated that because SGCE is maternally
imprinted, the vast majority of affected individuals inherit their disease gene from
their fathers and that the disease is caused by loss of function of this protein. How-
ever, up to 5% of cases inherit their mutated allele from their mothers (87,90,112)
and presumably also express the wild-type allele from their fathers. In these
instances, the phenotype may be milder. The reason for reversal of the maternal
imprint in these cases is not known.

SGCE, a single transmembrane glycoprotein, is a member of a gene family that
also includes alpha, beta, gamma, delta, and zeta sarcoglycans. The gene comprises 12
exons with exon 10 being differentially spliced and absent from most transcripts (113).
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Two recent papers have identified other alternative splice variants in mouse brain
that affect the C-terminal end of the encoded protein (114,115). The function of this
SGCE protein is still largely unknown. The other members of the sarcoglycan family
encode transmembrane components of the dystrophin-glycoprotein complex that
links the cytoskeleton to the extracellular matrix. Mutations in the genes encoding
these other sarcoglycans, which are mainly expressed in muscle, cause autosomal
recessive limb-girdle muscular dystrophies (116). SGCE appears to be functionally
similar to alpha-sarcoglycan in skeletal muscle (117) and is widely expressed in many
tissues of the body (113,118) including various regions of the brain during both
development and adulthood (90,115,119,120). In rodents, levels of SCGE are highest
in the brain around birth (119) and in adults highest expression is found in the
hippocampus, cortex, olfactory bulb, Purkinje cell layer of the cerebellum, and
monoaminergic neurons in the midbrain (119,120). The function of SGCE in the
brain is presently unknown.

All types of mutations have been reported in the SGCE gene including non-
sense, missense, deletions, and insertions leading to frame shifts and splicing errors
(9,17,34,86,88,90–98). Most of the mutations described to date have been localized in
exons two to seven, implicating this region of the gene as important for function.
Four nonsense mutations, R97X, W100X, R102X (all in exon three), and R372X
(in exon nine), as well as two small deletions (in exons four and seven) have been
found in more than one proband and appear to be recurrent mutations (86,88,90,
94,97,121). There is one confirmed de novo mutation (97) and several reported cases
of ‘‘pseudo-negative’’ family history due to maternal imprinting, where the mutation
was subsequently identified in the fathers (9,92,97). A recent report using quantita-
tive polymerase chain reaction (PCR) indicates that exonic deletions in SGCE can
also cause M-D (18).

Although the SGCE gene appears to represent the major locus for M-D, sim-
plex and familial cases without identifiable SGCE mutations have been reported
(88,94,97,98,121–123), suggesting locus heterogeneity. A large Canadian family with
clinically typical M-D without a mutation in the SGCE gene has been linked to
markers in a 16.5 cM region on chromosome 18p (locus DYT15) (99). Two other
families also show possible linkage to this chromosome region (98). The overall con-
tribution of this locus to M-D cannot be determined until the gene is identified. An
additional family with a missense change in the D2 receptor (106) was subsequently
found to have a mutation in SGCE (75), making the role of the D2 receptor mutation
in this condition unclear.

Genetic testing for SGCE mutations is available, but the recent identification
of exonic deletions complicates assessment. Based on the literature and excluding
the exonic deletions, the mutation detection rate among familial cases of M-D is close
to 50% (9,34,86,88,90–98), but the mutation detection rate among individuals with no
family history is only about 12% to 13% (86,88,94,97,98,120,122,123). However, the
two-exonic deletion families were previously screened for SGCE mutations and found
to be ‘‘mutation-negative’’ (18), thus, the overall mutation rate in SGCE will be higher
when deletion screening is included. Genotype-phenotype studies do not show any
difference in phenotype associated with the different types of mutations in SGCE
although the two families with the exonic deletions had a majority of members with
a generalized distribution of myoclonus (18). In addition, there are no clear genotype–
phenotype differences seen between SGCE mutation positive and negative cases, but
from current studies, a positive family history and paternal inheritance are good indi-
cators for identifying SGCE mutations and should be considered when trying to
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determine which M-D patients to test. Although the rate of mutation detection is low
in cases without a family history, the identification of de novo mutations and the com-
plication of maternal imprinting that leads to ‘‘pseudo-negative’’ family history both
suggest that a negative family history should not preclude genetic testing in phenotyp-
ically typical cases. Importantly, in this specific type of dystonia, penetrance can be
predicted in above 90% of the mutation carriers due to paternal expression/maternal
imprinting of the mutated gene and should be considered upon counseling of an M-D
patient and family members.

OTHER HEREDITARY DYSTONIAS

Other clinically distinct forms of hereditary dystonia have been described which are
rarer, including ones for which gene lesions have now been identified, DYT8 (parox-
ysmal nonkinesigenic dyskinesia PNKD), DYT12 (rapid onset dystonia–parkinson-
ism), and DYT3 (X-linked dystonia–parkinsonism, lubag). Others have been linked
to chromosomal locations without gene identification to date, including DYT6
(adolescent-onset torsion dystonia of mixed phenotype), DYT7 (adult-onset focal
dystonia), DYT9 (paroxysmal choreoathetosis with episodic ataxia and spasticity),
DYT10 (paroxysmal kinesigenic choreoathetosis), DYT13 (multifocal/segmental
dystonia), DYT14 (DRD), and DYT15 (M-D). Still others have not yet been linked
to a chromosomal region, including DYT2 (autosomal recessive, early-onset torsion
dystonia) and DYT4 (whispering dysphonia). We can anticipate that this list of dys-
tonia genes will continue to increase slowly as neurologists and geneticists expand
their efforts to identify, collect, and analyze families with rare forms of dystonia.

DYT12 Dystonia (Rapid Onset Dystonia-Parkinsonism)

DYT12 dystonia (rapid onset dystonia-parkinsonism), first described by Dobyns et al.
(124), is distinguished by sudden onset, which can be within hours to weeks, typically
in adolescence or young adulthood (but as late as 55 years), in response to physical or
mental stress, with persistence of symptoms throughout life. It is inherited in an auto-
somal dominant manner with reduced penetrance. Symptoms include dystonic spasms
predominantly in the upper limbs, orofacial dystonia, dysarthria and dysphagia, and
slowness of movement, sometimes along with symptoms of parkinsonism, including
bradykinesia, rigidity, and postural instability (7,125). Other less common symptoms
include depression, intermittent hemidystonia, paroxysmal dystonia, and seizures
(126–128). Stressful events precipitating onset include fever, prolonged exercise, child-
birth, and even giving oral presentations (124,125,128). Although some individuals
show reduced levels of the dopamine metabolite, homovanillic acid in the CSF (129),
there is no evidence for a decrease in the density of dopaminergic terminals (129) or
clinical response to L-dopa treatment. A single affected brain has been analyzed to
date with no evidence of neurodegeneration (128).

Four families have been found in which the disease phenotype links to chromo-
some 19q13 (130,131), while another family with more cranial-cervical involvement
does not link to this region (8). Recently six different missense mutations were iden-
tified in the gene, ATP1A3 on chromosome 19q13 (23 exons), which encodes the
alpha 3 subunit of NaK ATPase (132). This is a subunit of a sodium pump respon-
sible for maintenance of ionic gradients across cell membranes. The mutations
are predicted to result in loss of activity or instability of the protein. Interestingly,
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mutations in the alpha-2 subunit of the Naþ/KþATPase have been implicated in familial
hemiplegic migraine and infantile convulsions (133,134). Genetic testing for mutations in
the ATP1A3 locus is implicated in patients with abrupt onset of dystonia with features of
parkinsonism over a few minutes to 30 days, with a rostral-caudal (face> arm> leg)
gradient of symptoms and no response to dopaminergic medication (125).

DYT8 (Paroxysmal Dystonia/Dyskinesia)

This episodic form of dystonia was originally described by Mount and Reback (135).
Movement abnormalities may manifest shortly after birth or in childhood or
adolescence and can be precipitated with alcohol, caffeine, exercise, hunger, and
fatigue (136). Symptoms include unilateral or bilateral dystonic and choreatic dyski-
nesias, lasting from minutes to hours with a frequency of 20 per day to twice per
year (137). Many patients describe an aura preceding attacks and may experience
attacks of variable severity. They lack a good response to antiepileptic drugs, and
seizures are uncommon in patients with PNKD. Often, there is a decrease in attack
frequency over time. Inheritance is autosomal dominant with reduced penetrance.
Linkage analysis determined the DYT8 gene to be localized to chromosome 2q33-
q35 (138–140), but phenotypically similar families, which are not linked to this locus,
have also been described (141). Mutations in the MR-1 gene (10 exons) have now
been identified in individuals from 13 families with this syndrome (142–145), how-
ever, only two single bp mutations have been identified and each results in the
substitution of valine for alanine (at amino acid position 7 or 9). The function of
MR-1 is not known, but it is homologous to glyoxalase hydroxyacylglutathione
hydrolase, known to detoxify methylglyoxal, a compound in alcohol, cola, tea,
and coffee, and a by-product of oxidative stress (146). This gene has several iso-
forms, one of which is specifically expressed in neurons and throughout many
regions of the brain including the substantia nigra, red nucleus, cerebral cortex,
and Purkinje cells and granule cells in cerebellum (142).

Genetic testing for PNKD should be considered in patients with paroxysmal
dystonia/dyskinesia that presents with these clinical symptoms especially in cases
with identified trigger for attacks and longer duration of attacks (30 minutes to
two hours). PNKD can be differentiated on clinical grounds from paroxysmal kine-
sigenic choreoathetosis (PKC and DYT10) in which the attacks are shorter, more
frequent, and triggered by sudden movement. Similarly, PNKD can be clinically dif-
ferentiated from the rare paroxysmal exercise-induced dystonia that is precipitated
by prolonged movement. At this time it may be justified to limit genetic testing
for PNKD to the two recurrent mutations in the MR-1 gene (145).

DYT3 (X-Linked Dystonia-Parkinonism, LUBAG)

This is the only DYT dystonia that is considered secondary and is described here
only because it has been grouped under the DYT dystonias. X-linked recessive
dystonia-parkinsonism is a neurodegenerative condition with a high incidence in males
descending from the island of Panay in the Philippines (referred to in the local diatech
as ‘‘lubag’’)due to a founder mutation, first described in 1976 (147,148). The age of
onset is usually between 12 to 52 years starting with focal dystonia occurring in dif-
ferent regions of the body. Dystonic symptoms progress to become segmental or gen-
eralize over about six years with parkinsonian symptoms presenting later in the
disease in about half of the patients. Penetrance is complete by 50 years of age.
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A few Filipino women with the disease have been described, apparently due to homo-
zygosity at the X-linked locus. A similar disorder has also been described in Cauca-
sians, but it is not clear whether it is due to mutations in the DYT3 gene (149,150).
Neuroimaging shows atrophy of the caudate and putamen with neuroanatomically
confirmed neuronal loss and astrocytosis, and severe depletion of striatosomes in these
brain regions (151–153). The DYT3 locus was initially mapped to Xq (154,155) with
further definition to Xq13.1 (156). A number of disease-specific changes were identified
in a 300 kb region including a deletion in an exon of a novel transcript and single bp
changes in transcripts for the TATA-box binding protein-associated factor 1, a puta-
tive tumor suppressor (ING2), and a homologue of cytokine-inducible SH2 protein 4
(156). Genetic testing is implicated by dystonic symptoms that onset in adolescence or
later years in males of Filipino extraction and can be carried out by PCR amplification
of microsatellite markers in linkage disequilibrium with the founder mutation (157).

OTHER DYT GENES

DYT2

Less is known about the other DYT loci and they will be discussed here in numerical
order. DYT2 represents an autosomal recessive locus for dystonia that was first
reported in three consanguineous Spanish gypsy families (158). Two of these families
had a phenotype resembling DYT1 dystonia with a mean age of onset of 15.0� 6.6
years, with dystonia starting in the feet, followed by rapid generalization in all affec-
ted children. The third family had primarily oromandibular dystonia and torticollis.
Two recent reports of consanguineous families having children with generalized
dystonia (159,160) add credence to this locus. To date, no genetic linkage studies
or homozygosity mapping have been performed in any of these families.

DYT4

This currently refers to a syndrome in an Australian family with whispering dys-
phonia and other dystonic symptoms ranging from focal to generalized dystonia,
with some members manifesting psychiatric symptoms (161,162). It is an autosomal
dominant trait with reduced penetrance, but linkage to a chromosomal location has
not been established.

DYT6 (Adolescent Onset with Mixed Phenotype)

This has features of focal and generalized primary dystonia and was identified in
three Mennonite families, who are related by a common ancestor dating to the
mid-1700s (Saunders-Pullman R, Raymond D, Kramer P, et al. Unpublished data)
(62). It is inherited in an autosomal dominant manner with penetrance estimated at
50%. Some phenotypic features overlap DYT1 dystonia, but the onset is later in
DYT6 (mean 19 years; range 5–38 years) and there is more prominent cranial
involvement, especially in muscles of the lung, larynx and face, with dysphonia being
a predominant feature. 18F-Fluorodeoxyglucose PET imaging of regional glucose
metabolism showed that affected individuals have bilateral hypermetabolism in
the presupplementary motor area and parietal association cortices, as well as hypo-
metabolism in the putamen and temporal cortex (21). The responsible locus has been
mapped to the chromosome a 23 cM region spanning the centromere of chromosome 8
(Saunders-Pullman R, Raymond D, Kramer P, et al. Unpublished data.)

Genetic Evaluation in Primary Dystonia 35



DYT7 (Adult Onset, Focal)

Adult-onset focal dystonia accounts for about 90% of all cases of dystonia with
a prevalence estimated at 30 out of 100,000 of the general population (24,163).
Late-onset primary torsion dystonia is probably more complex genetically than the
early onset forms and the role of genes in the etiology of the various adult clinical sub-
types is still under study. Genetic studies to determine the mode of inheritance using
segregation analyses conclude that focal dystonia is inherited as an autosomal domi-
nant trait with reduced penetrance of about 12% to 15% (164–166). Although the
overall risk to first-degree relatives is 9.5% to 12% and the penetrance of the disease
is low, several large multiplex (more penetrant) families have been described
(12,167,168), including three multiplex families with musician’s dystonia in the index
patients and focal task-specific dystonia in other family members (169).

One form, DYT7, has been described in a single family from northwest
Germany (12). In this family, symptoms usually affect a single body part—primarily
the neck—causing cervical dystonia (torticollis), with eyes (blepharospasm), larynx
(spasmodic dysphonia), and hands (postural tremor) affected in a few cases, and
with a very low tendency to generalize. The mean age of onset is 43 years (range
28–70 years). The disease is inherited as an autosomal dominant trait with low pen-
etrance. DYT7 dystonia is linked to 18p and no neuropathology has been found. The
18p region is also implicated in other dystonias as patients with an 18p deletion can
also exhibit dystonic symptoms (170,171) and one form of familial M-D (DYT15)
is also linked in this region (99). Other families with a similar phenotype of adult
onset torticollis/focal dystonia have been excluded from this locus (140,172–174)
supporting locus heterogeneity.

DYT9 (Familial Paroxysmal Dyskinesia)

This is a complex paroxysmal phenotype manifesting episodic involuntary dystonic
posture of limbs, dysarthria, paresthesias, and double vision, as well as, in some
cases, paroxysmal choreoathetosis, spasticity, episodic ataxia, spastic paraplegia,
and dyskinesia. A single family has been described (175) with autosomal dominant
inheritance and onset at 2 to 15 years. Episodes usually last about 20 minutes and
can occur anywhere from twice per day to twice per year. Symptoms are triggered
by physical exercise, emotional stress, fatigue, and alcohol. The gene has been linked
to chromosome 1p21-p13.3.

DYT10 (Paroxysmal Kinesigenic Dystonia/Dyskinesia, PKC)

This is the most frequent of the paroxysmal dyskinesias. It can be distinguished
from DYT8, as in DYT10 the onset is later, attacks are precipitated by sudden
movements or startle (kinesigenic), of very short duration (seconds to minutes),
very frequent (up to 100 times per day), and responsive to anticonvulsant therapy
with no loss of consciousness or pain during attack (136,176–178). Symptoms can
be precipitated by alcohol, caffeine, exercise, emotional stress, fatigue, or choc-
olate. It is inherited in an autosomal dominant manner with reduced penetrance.
Linkage in eight Japanese families has been established to 16p11.2-q12.1 (179), a
region that overlaps loci implicated in infantile convulsions, paroxysmal chor-
eoathetosis, and rolandic epilepsy suggesting these might be allelic disorders
(180,181).
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DYT13 (Multifocal/Segmental Dystonia)

This syndrome has been described in a single large family from Italy with some simi-
larities to DYT6 dystonia. It is characterized by juvenile or early adult onset (mean
16 years, range 5–40 years), with the majority of cases showing segmental dystonia
with prominent cranial cervical involvement, a mild course, slow progression, and
only occasional generalization (14,182). It is inherited as an autosomal dominant
syndrome with a penetrance of about 60%. The locus has been mapped to chromo-
some 1p36.1-p36.32 (in the same region as PARK7).

In addition to these numbered DYT genes, there are several other new forms of
dystonia emerging, which are distinguished by their phenotype and lack of linkage to
known loci, including autosomal dominant blepharospasm with adult onset in two
families (183); early-onset generalized dystonia with mild parkinsonian signs (184);
typical early-onset generalized dystonia accompanied by cervical dystonia or writer’s
cramp beginning at age 30 (172), and adult-onset cranio-cervical torsion dystonia (141).
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INTRODUCTION

The basal ganglia are thought to be the primary site of neuronal dysfunction in the
majority of movement disorders. Although most forms of dystonia do not have clearly
identified pathology, focal brain lesions that produce dystonia are most commonly
located in the basal ganglia or thalamic target of the basal ganglia (1). Even in forms
of dystonia where there is evidence for cerebral cortical abnormalities, basal ganglia
abnormalities have also been identified (2,3). Indeed, some authors view cortical dys-
function in dystonia as a secondary consequence of basal ganglia dysfunction (4–6).
Thus, knowledge of the organization and function of basal ganglia-thalamo-cortical
circuits is important to understanding the underlying pathophysiology of dystonia.

The basal ganglia include the striatum (caudate, putamen, nucleus accumbens),
the subthalamic nucleus (STN), the globus pallidus [internal segment, external seg-
ment, ventral pallidum (VP)], and the substantia nigra pars compacta (SNpc) and
substantia nigra pars reticulata (SNpr) (Fig. 1). The striatum and STN receive the
majority of inputs from outside of the basal ganglia. Most of those inputs come from
cerebral cortex, but thalamic nuclei also provide strong inputs to striatum. The bulk
of the outputs from the basal ganglia arise from the internal segment of the globus
pallidus (GPi), VP, and SNpr. These outputs are inhibitory to the pedunculopontine
area in the brainstem and to thalamic nuclei that in turn project to the frontal lobe.

BASAL GANGLIA INPUTS

Striatum

The striatum receives the bulk of extrinsic input to the basal ganglia. While the stria-
tum receives excitatory input from virtually all of cerebral cortex (7), the ventral
striatum (nucleus accumbens and rostroventral extensions of caudate and putamen)
receive inputs from the hippocampus and amygdala (8). The glutamatergic cortical
afferents terminate largely on the heads of the dendritic spines of medium spiny
neurons in a generally topographic organization (9). It has been suggested that this
topography provides the basis for a segregation of functionally different circuits in
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the basal ganglia (10). Although the topography implies a certain degree of parallel
organization, there is also evidence for convergence and divergence in the cortico-
striatal projection. The large dendritic fields of medium spiny neurons (11) allow them
to receive input from adjacent projections, which arise from different areas of cortex.
Inputs to striatum from several functionally related cortical areas overlap, and a single
cortical area projects divergently to multiple striatal zones (12,13). Thus, there is a mul-
tiply convergent and divergent organization within a broader framework of functionally
different parallel circuits. This organization provides an anatomical framework for the
integration and transformation of cortical information in the striatum.

Medium spiny striatal neurons make up the great majority of the striatal neu-
ron population. They project outside of the striatum and receive a number of inputs
in addition to the important cortical enervation; these include (i) excitatory gluta-
matergic inputs from the thalamus; (ii) cholinergic input from striatal interneurons;

Figure 1 Simplified schematic diagram of basal ganglia—thalamo-cortical circuitry. Excit-
atory connections are indicated by open arrows; inhibitory connections by filled arrows.
The modulatory dopamine projection is indicated by a three-headed arrow. Abbreviations:
DYN, dynorphin; ENK, enkephalin; GABA, c-amino butyric acid, Glu, glutamate; GPe, glo-
bus pallidus pars externa; GPi, globus pallidus pars interna; IL, intralaminar thalamic nuclei;
MD, mediodorsal nucleus, PPA, pedunculopontine area; SC, superior colliculus; SNpc, sub-
stantia nigra pars compacta; SNpr, substantia nigra pars reticulata; SP, substance P; STN,
subthalamic nucleus; VA, ventral anterior nucleus; VL, ventral lateral nucleus.
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(iii) c-amino-butyric acid (GABA), substance P, and enkephalin input from adjacent
medium spiny striatal neurons; (iv) GABA input from small, parvalbumin positive,
fast-spiking interneurons; (v) a large input from dopamine-containing neurons in the
SNpc; (vi) a more sparse input from the serotonin-containing neurons in the dorsal
and median raphe nuclei.

In recent years, there has been increasing recognition of the importance of the
fast-spiking GABAergic striatal interneurons. These cells make up less than 2% of
the striatal neuron population, but they exert powerful inhibition on medium spiny
neurons. Like medium spiny neurons, they receive excitatory input from the cerebral
cortex. They appear to play an important role in focusing the spatial pattern of
medium spiny neuron activation (14).

The dopamine input to the striatum terminates largely on the shafts of the
dendritic spines of medium spiny neurons where it is in a position to modulate trans-
mission from the cerebral cortex to the striatum (15). The action of dopamine on
striatal neurons depends on the type of dopamine receptor involved. Five types of
G protein-coupled dopamine receptors have been described (D1–D5) (16). These
have been grouped into two families based on their linkage to adenyl cyclase activity
and response to agonists. The D1 family includes D1 and D5 receptors and the D2
family includes D2, D3, and D4 receptors. The conventional view has been that
dopamine acts at D1 receptors to facilitate the activity of postsynaptic neurons
and at D2 receptors to inhibit postsynaptic neurons (17). Indeed, this is a fundamen-
tal concept for currently popular models of basal ganglia pathophysiology (18,19).
However, the physiologic effect of dopamine on striatal neurons is more complex.
While activation of dopamine D1 receptors potentiates the effect of cortical input
to striatal neurons in some states, it reduces the efficacy of cortical input in others (20).
Activation of D2 receptors more consistently decreases the effect of cortical input to
striatal neurons (21). Dopamine contributes to focusing the spatial and temporal
patterns of striatal activity.

In addition to short-term facilitation or inhibition of striatal activity, there is
evidence that dopamine can modulate corticostriatal transmission by mechanisms
of long-term depression (LTD) and long-term potentiation (LTP). Through these
mechanisms, dopamine strengthens or weakens the efficacy of corticostriatal
synapses and can thus mediate reinforcement of specific discharge patterns. LTP
and LTD are thought to be fundamental to many neural mechanisms of learning and
may underlie the hypothesized role of the basal ganglia in habit learning (22). SNpc
dopamine neurons fire in relation to behaviorally significant events and reward (23).
These signals are likely to modify the responses of striatal neurons to inputs that
occur in conjunction with the dopamine signal resulting in the reinforcement of
motor and other behavior patterns. Striatal lesions or focal striatal dopamine
depletion impairs the learning of new movement sequences (24), supporting a role
for the basal ganglia in certain types of procedural learning.

Medium spiny striatal neurons contain the inhibitory neurotransmitter GABA
and colocalized peptide neurotransmitters (25). Based on the type of neurotransmit-
ters and the predominant type of dopamine receptor they contain, the medium spiny
neurons can be divided into two populations. One population contains GABA,
dynorphin, and substance P and primarily expresses D1 dopamine receptors. These
neurons project to the basal ganglia output nuclei, GPi, and SNpr. The second
population contains GABA and enkephalin and primarily expresses D2 dopamine
receptors. These neurons project to the external segment of the globus pallidus
(GPe) (18).
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Although there are no apparent regional differences in the striatum based on
cell type, an intricate internal organization has been revealed with special stains.
When the striatum is stained for acetylcholinesterase (AChE), there is a patchy dis-
tribution of lightly staining regions within more heavily stained regions (26). The
AChE-poor patches have been called ‘‘striosomes’’ and the AChE-rich areas have
been called the extrastriosomal matrix. The matrix forms the bulk of the striatal vol-
ume and receives input from most areas of cerebral cortex. Within the matrix are
clusters of neurons with similar inputs that have been termed ‘‘matrisomes.’’ The
bulk of the output from cells in the matrix is to both segments of the GP, VP,
and to SNpr. The striosomes receive input from prefrontal cortex and send output
to SNpc (27). Immunohistochemical techniques have demonstrated that many sub-
stances such as substance P, dynorphin, and enkephalin have a patchy distribution
that may be partly or wholly in register with the striosomes. The striosome-matrix
organization suggests a level of functional segregation within the striatum that
may be important in understanding the variety of symptoms in Tourette’s syndrome.

Subthalamic Nucleus

The STN receives an excitatory, glutamatergic input from many areas of frontal
lobes with especially large inputs from motor areas of cortex (28). The STN also
receives an inhibitory GABA input from GPe. The output from the STN is glutama-
tergic and excitatory to the basal ganglia output nuclei, GPi, VP, and SNpr. STN
also sends an excitatory projection back to GPe. There is a somatopic organization
in STN (29) and a relative topographic separation of ‘‘motor’’ and ‘‘cognitive’’
inputs to STN.

BASAL GANGLIA OUTPUTS

The primary basal ganglia output arises from GPi, a GPi-like component of VP, and
SNpr. As described above, GPi and SNpr receive excitatory input from STN and
inhibitory input from striatum. They also receive an inhibitory input from GPe.
The dendritic fields of GPi, VP, and SNpr neurons span up to 1 mm diameter and
thus have the potential to integrate a large number of converging inputs (30). The
output from GPi, VP, and SNpr is inhibitory and uses GABA as its neurotransmit-
ter. The primary output is directed to thalamic nuclei that project to the frontal
lobes: the ventrolateral, ventroanterior, and mediodorsal nuclei. The thalamic tar-
gets of GPi, VP, and SNpr project, in turn, to frontal lobe, with the strongest output
going to motor areas. Collaterals of the axons projecting to thalamus project to an
area at the junction of the midbrain and pons near the pedunculopontine nucleus (31).
Other output neurons (20%) project to intralaminar nuclei of the thalamus, to the
lateral habenula, or to the superior colliculus (32).

The basal ganglia motor output has a somatotopic organization such that the
body below the neck is largely represented in GPi and the head and eyes are largely
represented in SNpr. The separate representation of different body parts is main-
tained throughout the basal ganglia. Within the representation of an individual body
part, it also appears that there is segregation of outputs to different motor areas of
cortex and that an individual GPi neuron sends output via thalamus to just one area
of cortex (33). Thus, GPi neurons that project via thalamus to motor cortex are adja-
cent to, but separate from, those that project to premotor cortex or supplementary
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motor area. GPi neurons that project via thalamus to prefrontal cortex are also
separate from those projecting to motor areas and from VP neurons projecting
via thalamus to orbitofrontal cortex. The anatomic segregation of basal ganglia-
thalamocortical outputs suggests functional segregation at the output level, but other
anatomic evidence suggests interactions between circuits within the basal ganglia
(see above) (34).

INTRINSIC BASAL GANGLIA NUCLEI

The GPe, and the GPe-like part of VP may be viewed as intrinsic nuclei of the basal
ganglia. Like GPi and SNpr, GPe receives an inhibitory projection from the striatum
and an excitatory one from STN. Unlike GPi, the striatal projection to GPe contains
GABA and enkephalin but not substance P (18). The output of GPe is quite different
from the output of GPi. The output is GABAergic and inhibitory and the majority
of the output projects to STN. The connections from striatum to GPe, from GPe to
STN, and from STN to GPi form the ‘‘indirect’’ striatopallidal pathway to GPi
(Fig. 1) (35). In addition, there is a monosynaptic GABAergic inhibitory output from
GPe directly to GPi and to SNpr and a GABAergic projection back to striatum (36).
Thus, GPe neurons are in a position to provide feedback inhibition to neurons in
striatum and STN and feedforward inhibition to neurons in GPi and SNpr. This cir-
cuitry suggests that GPe may act to oppose, limit, or focus the effect of the striatal
and STN projections to GPi and SNpr as well as focus activity in these output nuclei.

Dopamine input to the striatum arises from SNpc and the ventral tegmental
area (VTA). SNpc projects to most of the striatum; VTA projects to the ventral stria-
tum. The SNpc and VTA are made up of large dopamine-containing cells. SNpc
receives input from the striatum, specifically from the striosomes. This input is
GABAergic and inhibitory. The SNpc and VTA dopamine neurons project to
caudate and putamen in a topographic manner (34), but with overlap. The nigral
dopamine neurons receive inputs from one striatal circuit and project back to the
same and to adjacent circuits. Thus, they appear to be in a position to modulate
activity across functionally different circuits.

FUNCTIONAL ORGANIZATION

Although the basal ganglia intrinsic circuitry is complex, the overall picture is of two
primary pathways through the basal ganglia from cerebral cortex with the output
directed via thalamus at the frontal lobes. These pathways consist of two disynaptic
pathways from cortex to the basal ganglia output (Fig. 1). In addition, there are sev-
eral multisynaptic pathways involving GPe. The two disynaptic pathways are from
cortex through (i) striatum (the direct pathway) and (ii) STN (the hyperdirect path-
way) to the basal ganglia outputs. These pathways have important anatomical and
functional differences. First, the cortical input to STN comes only from frontal lobe
whereas the input to striatum arises from virtually all areas of cerebral cortex.
Second, the output from STN is excitatory, whereas the output from striatum is
inhibitory. Third, the excitatory route through STN is faster than the inhibitory
route through striatum (37). Finally, the STN projection to GPi is divergent
and the striatal projection is more focused (38). Thus, the two disynaptic pathways
from cerebral cortex to the basal ganglia output nuclei, GPi and SNpr, provide fast,
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widespread, divergent excitation through STN and slower, focused, inhibition
through striatum. This organization provides an anatomical basis for focused inhi-
bition and surround excitation of neurons in GPi and SNpr (Fig. 2). Because the
output of GPi and SNpr is inhibitory, this would result in focused facilitation and
surround inhibition of basal ganglia thalamocortical targets.

FOCUSED FACILITATION AND SURROUND INHIBITION
OF COMPETING MOTOR PATTERNS

A functional representation of normal basal ganglia motor function based on ana-
tomical, physiological, and lesion studies has been postulated (28,39). In this scheme,
the tonically active inhibitory output of the basal ganglia acts as a ‘‘brake’’ on motor
pattern generators (MPGs) in the cerebral cortex (via the thalamus) and brainstem.
When a movement is initiated by a particular MPG, basal ganglia output neurons
projecting to competing MPGs increase their firing rate, thereby increasing inhi-
bition and applying a ‘‘brake’’ on those generators. Other basal ganglia output
neurons projecting to the generators involved in the desired movement decrease their
discharge, thereby removing tonic inhibition and releasing the brake from the desired
motor patterns. Thus, the intended movement is enabled and competing movements
are prevented from interfering with the desired one.

The anatomical arrangement of STN and striatal inputs to GPi and SNpr form
the basis for a functional center-surround organization as shown in Figure 3. When a
voluntary movement is initiated by cortical mechanisms, a separate signal is sent
to STN, exciting it. STN projects in a widespread pattern and excites GPi.

Figure 2 (A) A schematic diagram of the hyperdirect cortico-subthalamo-pallidal, direct cor-
tico-striato-pallidal, and indirect cortico-striato-GPe-subthalamo-GPi pathways. White and
black arrows represent excitatory glutamatergic and inhibitory GABAergic projections, res-
pectively. (B) A schematic diagram explaining the activity change over time (t) in the Th/Cx
projection following the sequential inputs through the hyperdirect cortico-subthalamo-pallidal
(middle) and direct cortico-striato-pallidal (bottom) pathways. Abbreviations: GPe, globus palli-
dus pars externa; GPi, globus pallidus pars interna; SNr, substantia nigra pars reticulata; STN,
subthalamic nucleus; Str, striatum; Th, thalamus; glu, glutamatergic; GABA, c-amino butyric
acid; Th/Cx, thalamocortical. Source: From Ref. 37.
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The increased GPi activity causes inhibition of thalamocortical motor mechanisms.
In parallel to the pathway through STN, signals are sent from all areas of cerebral
cortex to striatum. The cortical inputs are transformed by the striatal integrative cir-
cuitry to a focused, context-dependent output that inhibits specific neurons in GPi.
The inhibitory striatal input to GPi is slower, but more powerful, than the excitatory
STN input. The resulting focally decreased activity in GPi selectively disinhibits the
desired thalamocortical MPGs. Indirect pathways from striatum to GPi (stria-
tum!GPe!GPi and striatum!GPe!STN!GPi) (Fig. 1) result in further focusing
of the output. The net result of basal ganglia activity during a voluntary movement is
the inhibition (‘‘braking’’) of competing motor patterns and focused facilitation
(releasing the ‘‘brake’’) from the selected voluntary movement pattern generators.

This scheme provides a framework for understanding both the pathophysiology
of parkinsonism (28,41) and involuntary movements (28,39). Different involuntary
movements such as parkinsonism, chorea, dystonia, or tics result from different
abnormalities in the basal ganglia circuits. Loss of dopamine input to the striatum
results in a loss of normal pauses of GPi discharge during voluntary movement.
Hence, there is excessive inhibition of MPGs and ultimately bradykinesia (41).
Furthermore, loss of dopamine results in abnormal synchrony of GPi neuronal

Figure 3 Schematic of normal functional organization of the basal ganglia output. Excit-
atory projections are indicated with open arrows; inhibitory projections are indicated with
filled arrows. Relative magnitude of activity is represented by line thickness. Abbreviations:
STN, subthalamic nucleus; GPi, globus pallidus pars interna. Source: From Ref. 40.
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discharge and loss of the normal spatial and temporal focus of GPi activity (41–43).
Broad lesions of GPi or SNpr disinhibit both desired and unwanted motor patterns
leading to inappropriate activation of competing motor patterns, but normal gener-
ation of the wanted movement. Thus, lesions of GPi cause dystonia with cocontraction
of multiple muscle groups and difficulty turning off unwanted motor patterns, but do
not affect movement initiation (44). Lesions of SNpr cause unwanted saccadic eye
movements that interfere with the ability to maintain visual fixation, but do not impair
the initiation of voluntary saccades (45). Lesions of putamen may cause dystonia due
to the loss of focused inhibition in GPi (39). Lesions of STN produce continuous
involuntary movements of the contralateral limbs (hemiballism or hemichorea) (39).
Despite the involuntary movements, voluntary movements can still be performed.
Although structural lesions of putamen, GPi, SNpr, or STN produce certain types
of unwanted movements or behaviors, they do not produce tics. Tics are more likely
to arise from abnormal activity patterns, most likely in the striatum (39).

RELATIONSHIP OF BASAL GANGLIA ORGANIZATION TO DYSTONIA

Relatively little is known about basal ganglia neuronal activity in dystonia, but knowl-
edge is increasing with the growing use of neurosurgical treatment for dystonia. There
appears to be reduced tonic firing of GPi neurons accompanied by abnormal temporal
discharge patterns in some individuals with dystonia (4), but there may be a con-
founding effect of anesthesia (46). The size of somatosensory receptive fields in
GPi neurons is increased in patients with dystonia. These data have been used to
support the idea that dystonia is associated with increased activity in the ‘‘direct’’
pathway from striatum to GPi, leading to excessive inhibition of GPi and excessive
disinhibition of motor cortical areas. This would be reflected as enhanced facilitation
and possibly expansion of the ‘‘center’’ of the present center–surround model
(Fig. 3). An alternative scheme, based on reduced dopamine D2 receptor binding
in striatum in dystonic monkeys and in people with dystonia, is that abnormal
activity in the ‘‘indirect’’ pathway influencing activity in the STN–GPi projection
is the basis for decreased GPi discharge in dystonia (47). In the present model, this
would be seen as reduced activity in the inhibitory ‘‘surround’’ (Fig. 4).

The fact that pallidotomy and deep brain stimulation of GPi are effective treat-
ments for dystonia creates some problems for the hypothesis that decreased GPi
discharge alone is the fundamental basis for dystonia (4). To account for this, it
has been proposed that an abnormal temporal pattern of the GPi output could be
the basis for dystonia. However, abnormal temporal (bursting) patterns have been
described in Parkinson’s disease, chorea/hemiballism, and dystonia (4,48), and it
is not clear whether there are critical differences in those patterns that explain
the unique characteristics of the different movement disorders. It is possible that
dystonia results from incomplete suppression of competing motor patterns due to
insufficient surround inhibition of competing MPGs (Fig. 4) (47). This deficient sur-
round inhibition may also lead to expansion of the facilitatory center, which would
lead to ‘‘overflow’’ contraction of adjacent muscles. Decreased efficacy of the sur-
round with or without expansion of the center causes inappropriate disinhibition
of unwanted muscle activity.

The scheme presented here differs in emphasis from the now classic model of
basal ganglia circuitry that emphasizes opposing direct and indirect pathways from
striatum to GPi/SNpr (18,19). These models have contributed substantially to
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advances in basal ganglia research over the past 15 years. If the success of a model
is measured by the amount of research it stimulates, these schemes have been
extraordinarily successful. In simple terms, these models proposed that hypokinetic
movement disorders (e.g., parkinsonism) are distinguished from hyperkinetic move-
ment disorders (e.g., chorea, dystonia, tics) based on the magnitude of basal ganglia
output. Both clinical and basic research findings have required revision of the classic
model (4,28,39,46,49). New emphasis on (i) the importance of timing cortical input
to the STN and the timing of STN input to GPi/SNpr (28,37), (ii) the temporal-
spatial organization of activity patterns in the different basal ganglia nuclei
(28,39), and (iii) the importance of spike train patterns (4,42) reflect our improved
understanding of basal ganglia function and dysfunction.

SUMMARY

Basal ganglia circuitry is rich with complexity, but some simple organizational prin-
ciples can aid understanding of normal and abnormal function. The hypothesis of
selective facilitation and surround inhibition by the basal ganglia is perhaps most rel-
evant for understanding brain mechanisms of dystonia (50). Increased understanding
of these mechanisms and of the effect of disordered patterns of neuron discharge in
basal ganglia circuits has the potential to increase the efficacy of current treatments
and may point the direction to new brain-based interventions.
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Figure 4 Schematic representation of hypothetical changes in globus pallidus pars interna
activity associated with parkinsonism and dystonia. In dystonia, there is little change at rest,
but volitional movement is associated with a broadening of the facilitatory center and reduced
activity of the inhibitory surround. Conventions as described for Figure 3.
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INTRODUCTION

This chapter will review the pathophysiology of primary dystonia. Primary general-
ized dystonia of children may differ from the focal dystonias of adults, and it is
important to keep in mind that most physiology has been done with focal dystonia.
Anatomical pathology is usually described as normal, but in fact there is very little
information. Recently, signs of neural degeneration have been found in the brain-
stem in patients with primary generalized dystonia (1). Anatomical speculation
largely comes from secondary dystonia, and many abnormalities have been found
in these pathways. We will focus mainly on neurophysiological investigation with elec-
tromyography (EMG), electroencephalography (EEG), and transcranial magnetic
stimulation (TMS). Another chapter will cover neuroimaging findings of dystonia.

It is likely that, similar to most disorders, dystonia is a resultant of a genetic
background and an environmental influence. Three lines of physiological abnor-
malities have been found in dystonia, and they might represent the physiological
consequence of the genetic disorder.

LOSS OF INHIBITION

Clinically, dystonia is characterized by sustained, tonic contractions, abnormal pos-
tures and, less commonly, superimposed tremor and myoclonic jerking. The basic
physiological mechanism behind these movements can be attributed to a loss of
inhibition at many levels of the neuraxis. This loss of inhibition can be most easily
evaluated physiologically with electromyography. The characteristic finding is that
of unwanted, sustained contractions in the agonist muscle, overflow of activity into
unwanted muscles, and antagonist cocontraction, all of which contribute to the
abnormal posture. EMG bursts in dystonia often last seconds. Even when myoclonic
contractions are present, these seem to be prolonged, lasting 100 to 300 msec (which
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helps to differentiate them from myoclonus of cortical origin). A detailed EMG study
performed in patients with hand cramps of various types found cocontracting agonist
and antagonist bursts with unusually prolonged activity in the muscles studied (2). The
EMG findings are thought to reflect loss of inhibition necessary for suppressing
unwanted muscle activity, as well as turning off muscle activity when appropriate. This
supposition is supported by findings with reflex studies and with TMS.

Reciprocal inhibition is the physiological process of inhibition of the antago-
nist muscle during agonist action. One aspect of reciprocal inhibition is a spinal
suppression of antagonist muscles mediated through the agonist Ia afferent. This
reflex is abnormal in patients with dystonia (3,4) and may be partly responsible
for the abnormal cocontraction of the antagonist muscle. In patients with blepharo-
spasm, the blink reflex recovery curve (the blink response to paired stimuli with
progressively increasing interstimulus intervals) has been studied and is abnormal
(5,6). These types of reflex studies support loss of inhibition at the spinal and brain-
stem levels, respectively.

TMS is a physiological tool used to assess integrity of central motor pathways.
With direct stimulation of the motor cortex, a motor-evoked potential (MEP) is gen-
erated in the target muscle (most commonly the hand muscles are used since the
cortical hand area is easily accessed noninvasively over the scalp). Combined with
a test pulse to produce an MEP, a second, conditioning, pulse can be given just
before at either subthreshold (not sufficient to generate an MEP) or suprathreshold
levels. At short interstimulus intervals (less than 5 msec), there is inhibition of
the MEP with a subthreshold conditioning pulse; this is called short intracortical
inhibition (SICI). At interstimulus intervals (ISIs) between 8 and 30 msec, there is
facilitation of the MEP. A suprathreshold prepulse with an ISI longer than 50 msec
produces inhibition again, called long intracortical inhibition (LICI). Additionally,
when a single pulse is given during ongoing EMG activity, there is inhibition called
the silent period (SP). The first part of the SP is likely Renshaw-cell–mediated
inhibition at the spinal level. However, the latter part of the SP is cortical. SICI is
largely mediated by GABA-A (7). LICI and SP are both likely mediated by
GABA-B (8,9).

SICI is reduced in patients with dystonia (Fig. 1) (10). This being seen in both
motor cortices in patients with unilateral writer’s cramp suggests that it is a primary
defect in dystonia. LICI and the SP are abnormal only on the affected side in writer’s
cramp (11,12). Taken together, this suggests that the SICI abnormality may be
primary, perhaps resulting from genetic malfunction, and that the LICI and SP
abnormality may develop with symptomatic expression.

Surround inhibition is a concept that has been recently investigated in dysto-
nia. Sensory surround inhibition is well understood and accepted (13). Its role in
the motor system is less well understood; however, basal ganglia are thought to have
a primary role in the selection of motor programs from among a set of differing
motor programs (14). A motor command is given by the cortex, and this is further
refined by the basal ganglia in response to the spatial constraints of the task. Given
that dystonia is characterized by overflow of muscle activity, it is logical that a fail-
ure of basal ganglia surround inhibition may be at play. Surround inhibition in the
motor system has been demonstrated clinically using TMS. Significant surround
inhibition has been shown in muscles of the contralateral limb during finger move-
ment (15) and in the ipsilateral limb for a muscle not involved in the task (16). With
these techniques, defective surround inhibition has been demonstrated in focal hand
dystonia (17,18).
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Globus pallidus interna lesioning or stimulation leads to significant improve-
ments in patients with primary dystonia (19). Recordings of the globus pallidus
interna (Gpi) neurons during pallidal surgery for dystonia have led to some con-
fusion. Reduction in the tonic neuronal firing is often found, although changes are
also seen in the temporal pattern (with more irregularity seen in the discharges)
(20). This is hard to reconcile with the fact that lesioning reduces the degree of dys-
tonia. This suggests that the firing pattern itself may be more important that the
background discharge rate. Further evidence for the center surround theory should
also be found in direct recording in humans with dystonia.

SENSORY CHANGES

Involvement of the sensory system in dystonia has been suspected for years given the
frequent presence of the sensory trick in patients with cervical dystonia in particular.
Basic sensory modalities have generally been thought to be normal in patients with
dystonia. However, more careful evaluations have shown loss of spatial and
temporal discrimination in the hands of patients with focal hand dystonia (21,22).
Mapping of the cortical sensory representation of the hand in dystonia shows disrup-
tion of the orderly arrangement of the homunculus (Fig. 2) (23), and is present in both
hands in patients with unilateral writer’s cramp (24). Brain mapping of the globus pal-
lidus and thalamus during surgery for dystonia support enlargement of the sensory
receptive fields in these areas (20). Sensory spatial discrimination has been used to
identify subclinical abnormality in relatives of patients with focal dystonia (25).

The effect of a sensory stimulus on motor performance (sensorimotor inte-
gration) has also been studied and is abnormal in dystonia. This can be studied by

Figure 1 Corticocortical inhibition in healthy controls and patients with focal hand dysto-
nia. (A) Raw data from an individual control subject (top 3 traces) and a patient with writer’s
cramp (bottom 2 traces). These data were obtained after L-hemispheric stimulation, with
responses recorded in the relaxed right first dorsal interosseous muscle. In the control subject,
there is clear suppression of the response when a conditioning pulse is given 2 msec before the
test response, whereas in the patient, there is less suppression. (B) Data obtained across all
interstimulus intervals in both patient and controls (stimulation of both right and left
hemisphere). Source: From Ref. 10.
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using the somatosensory-evoked potential (SSEP) in a paradigm called sensorimotor
gating, where a stimulus to the median nerve is given before and during movement,
and the cortical SSEP is evaluated. In patients with dystonia, the premovement gat-
ing of the SSEP before voluntary movement is abnormal compared with controls,
supporting abnormal sensorimotor integration (26). Additionally, a sensory stimulus
about 100 to 200 msec prior to a TMS pulse usually produces inhibition of the MEP;
however, in dystonia, this same stimulus produces facilitation (27). Vibration of the
hand can trigger dystonic hand movements in patient with writer’s cramp and this
can be blocked by local weak lidocaine that should influence just the gamma moto-
neurons (28), suggesting a primary abnormality in processing of spindle sensory
afferents. Finally, lack of sensory surround inhibition has been demonstrated using
a combination of median and ulnar SSEPs. In patients with dystonia, the combi-
nation potential of the double simultaneous stimulation was higher that that for
controls, despite normal responses to the individual stimuli, supporting lack of sur-
round inhibition (29).

Taken together, the abnormalities found in the sensory system support abnor-
malities in sensory processing and lack of sensory inhibition. Relating this to the

Figure 2 Schematic of the left paracentral gyrus (somatosensory cortex) for six controls
(left) and six patients with hand dystonia (right) showing the localization for the primary cor-
tical somatosensory evoked potential (N20) in the coronal plane for digits 1 (D1) and 5 (D5).
The bar graph in the middle displays the distance in mm between D1 and D5 in the coronal
plane. This distance is reduced in patients with focal hand dystonia. The 3-D reconstruction of
the brain shows the localization in the cortex of the N20 for D1 and D5 for controls (left)
and patients (right). The normal cortical homuncular arrangement of fingers is degraded in
patients with dystonia. Source: From Ref. 23.
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motor system changes supports a widespread deficit in inhibitory processes, more
specifically in surround inhibition, of both the motor and sensory systems. Clinically,
the sensory trick may work by ‘‘focusing’’ the sensory response in order to appropri-
ately inhibit the surrounding, unwanted motor programs.

PLASTICITY

The third aspect of dystonia that appears important is abnormal plasticity of the ner-
vous system. Clinically, patients with focal dystonia do not develop the abnormal
movement until adulthood and often, in response to some type of repetitive use or
injury to the effected body part. Writer’s cramp is often seen in accountants; a musi-
cian’s dystonia is specific to the body part used. Even the ‘‘yips’’ of golfing may be a
task-specific dystonia (30). These clinical observations suggest that it takes some
maladaptive response of the central nervous system to develop dystonia, and this
suggests that deranged plasticity might be responsible.

There is growing support for abnormal plasticity. One animal model that
mimics dystonia is created by training monkeys to repetitively hold a manipulandum
for long periods of time (31). They eventually develop a motor control disorder remi-
niscent of dystonia and show somatosensory cortex abnormalities that may be
similar to those seen with human dystonia. A model of long-term potentiation using
TMS demonstrates that patients with dystonia have an abnormal physiological
response to ongoing associative sensory stimulation with increasing corticospinal
excitability and reduced intracortical inhibition compared to controls (32). Another
study shows that the homeostatic function of plasticity may be lost in patients with
dystonia (33). These studies would indicate that some of the changes seen in chronic
dystonia may occur as secondary changes. On the other hand, loss of inhibition will
lead to increased plasticity; so the inhibitory dysfunction may be primary.

CONCLUSIONS

In summary, primary dystonia is accompanied by many changes at all levels of the
neuroaxis with a recurring theme of dysfunction and lack of inhibition of the motor
and sensory pathways. How this relates to the abnormal plasticity is not well under-
stood. Teasing out what comes first is certainly challenging, and this will help
decipher what the genetic abnormality produces. Uncovering these relationships will
not only lead to a better understanding of the primary mechanisms behind focal and
generalized primary dystonia, but also will give suggestions about possible rehabili-
tation strategies.
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INTRODUCTION

Relatively little is known about the neuropathology of the primary dystonias because
of the very limited availability of post mortem tissue (Table 1). Additional factors are
that only a small number of genes responsible for these disorders have been identi-
fied, and many of the primary dystonias and dystonia-plus syndromes such as
DYT4, DYT6, DYT7, DYT13, and DYT15 have been identified by linkage only,
and in some cases, not even that. In general, neuroimaging studies indicate that
any structural changes are minor, and that the pathophysiology of dystonia is more
likely related to functional changes rather than specific neurodegeneration.

A number of reports of neuropathology of single cases and small series are
available from the premolecular era, but in the absence of genetic identification, it
is challenging to interpret these observations. Accordingly, we limit this review to
conditions in which the genetic identity is known. The paroxysmal dyskinesias
(DYT8, DYT9, and DYT10) are not discussed here.

The secondary dystonias represent a large and diverse group of disease entities in
which dystonia may be seen as an accompanying clinical feature. In some examples,
dystonia represents a relatively constant feature while in others it is seen in only some
cases with the disorder. With many of these conditions, the distribution of the patho-
logic changes is widespread, which makes it difficult to determine what specific areas
of involvement have led to the dystonic symptomatology. Here, we will discuss those
disease entities where dystonia is seen with reasonable regularity and for which consist-
ent neuropathologic changes have been described in the literature. However, it should
be pointed out for almost all the examples of the secondary dystonias, cliniconeuro-
pathologic correlation to the dystonic aspects of the disorder is lacking.
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PATHOLOGY OF PRIMARY DYSTONIA; DYT1 DYSTONIA

The pathological basis of DYT1 dystonia (dystonia musculorum deformans, Oppen-
heim’s disease) has eluded investigators since the illness was first described. Only a few
neuropathological studies have been reported, and the findings of these are inconsis-
tent. This has been limited, in part, by the absence of genetic identification and testing
for the dystonias. One patient with dystonia musculorum deformans, presumed to
have the DYT1 mutation, who died at the age of 29, was found to have mild neuronal
loss with neurofibrillary tangles (NFTs) in the locus coeruleus (LC) and infrequent
NFTs in the substantia nigra pars compacta (SNc), pedunculopontine nucleus
(PPN), and dorsal raphe nucleus (19). More recently, in a case confirmed to carry
the DYT1 mutation, no evidence of pathological change was seen in selected regions,
nor were there abnormalities on using an antibody to torsinA (20). However, minor
changes have been reported in the SNc of four patients with DYT1 dystonia.
Although these brains exhibited an increase in size and decrease in spacing of
dopaminergic neurons, no evidence of protein aggregation, inclusion body formation,
or neuronal death was noted (21).

Brainstem Pathology in DYT1 Dystonia

Novel antibodies to ubiquitin-protein conjugates (UPC) are highly sensitive to
ubiquitin and a-synuclein in detecting protein aggregates in neurodegenerative disor-
ders such as Parkinson’s disease (PD) and dementia with Lewy bodies (22). Using UPC
antibodies, inclusion bodies in the midbrain reticular formation and periaqueductal
gray (PAG) have been demonstrated in four patients with DYT1 dystonia
(Fig. 1) (23). These inclusions were spherical and found at perinuclear sites in cells
of the PPN, cuneiform nucleus (CN), and griseum centrale mesencephali. The inclu-
sions stained intensely for UPC and the nuclear envelope protein lamin A/C
(Fig. 2), but staining was less intense and less frequent for ubiquitin, torsinA, and
the endoplasmic reticulum marker protein disulphide isomerase (Fig. 2). The inclu-
sion bodies were not labeled using antibodies to several other proteins including
a-synuclein and were present in cholinergic and other neurons, but not in glia (23).
Inclusion bodies were located in proximity to or directly associated with the nucleus
and often appeared compressed, contorted, and abnormal (Fig. 2). This finding is con-
sistent with cell culture studies showing that mutations in torsinA cause the protein to
accumulate in the nuclear envelope and to form perinuclear inclusions (24–27). It has
also been shown that the nuclear envelope of neurons is abnormal in torsinA null and
homozygous disease mutant ‘‘knock-in’’ mice (28).

In addition, the presence of protein aggregates in the neuromelanin-pigmented
neurons of the SNc and LC in DYT1 dystonia has also been noted (23). These
protein aggregates were immunoreactive for tau and ubiquitin, but not torsinA,
and were reminiscent of the NFTs previously reported in the patient with dystonia
musculorum deformans (19).

Brainstem Pathology in DYT1 Transgenic Mice

Consistent with protein accumulation in the brains of patients with DYT1 dystonia,
these changes have also been reported as protein aggregates and perinuclear
inclusion bodies in the brainstem of transgenic mice expressing mutant torsinA
(29,30). These protein aggregates and inclusion bodies were immunoreactive for
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ubiquitin, torsinA, and lamin A/C and were localized to cells in the pontine and
mesencephalic brainstem and in the PAG.

Conclusion

The finding of protein aggregates and inclusion bodies in brainstem nuclei of patients
with DYT1 dystonia, and similar pathological changes in DYT1 transgenic mice, sug-
gests that protein accumulation is likely a direct result of the mutation in torsinA. It
is notable that these pathologic findings are found in the PPN and CN, which play
important roles in motor function through extensive efferent and afferent connec-
tions with the basal ganglia, thalamus, cerebral cortex, and spinal cord (31–35).
Indeed, the PPN and CN constitute the so-called mesencephalic locomotor region
(MLR), which is thought to regulate muscle tone and rhythmic limb movements
during locomotion (31–34,36). The PAG is also thought to be functionally associated
with the MLR (33). Thus, it is reasonable to hypothesize that mutant torsinA-
induced neuronal dysfunction or degeneration in these brainstem nuclei underlies
the pathophysiology of DYT1 and perhaps other forms of dystonia.

Figure 1 (See color insert) Intracellular inclusion bodies in DYT1 dystonia. In the brainstems
of patients with DYT1 dystonia and controls, antibodies to ubiquitinated proteins (A, B, C) and
ubiquitin (D), show low intracellular staining in controls (A), and intensely stained inclusion
bodies in DYT1 dystonia (B, C, D). The chromogen is 3,3-diaminobenzidine (brown) and nuclei
are counterstained with hematoxylin (blue). Source: Modified from Ref. 23 with permission.
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PATHOLOGY OF DYSTONIA-PLUS SYNDROMES AND
SECONDARY DYSTONIA

Introduction

Of the inherited dystonia-plus syndromes, DYT11 (myoclonus-dystonia)(RHW,
personal observations) and rapid-onset dystonia-parkinsonism (DYT12) (37) do
not show evidence of neurodegeneration on neuroimaging or in the limited
neuropathological studies available in the literature (Table 1). Dopa-responsive
dystonia (DRD; DYT5 and DYT14) does not show frank neuronal loss, however,
there are distinct neuropathological findings. Neurodegeneration is found in
DYT3 (Lubag).

The commonly accepted model of basal ganglia function (Fig. 3A) (39,40) only
partially explains the clinical generation of movement disorders, and in fact may be
least suitable to explaining the phenomenology of dystonia. A more complex model
has been proposed with the detailed report of the neuropathology of Lubag (Filipino
dystonia-parkinsonism; DYT3) (1) and may provide a better explanation.

Dystonia may be caused by anatomic lesions in a variety of locations, although
the basal ganglia are typically involved. Of the various nuclei of the basal ganglia,
the most commonly affected sites appear to be the caudate nucleus and putamen,
however, it appears that lesions involving almost any of the nuclei may cause
dystonia (Tables 2–4).

When dystonia is caused by a structural lesion of the putamen, the model
would predict that neurons of the indirect pathway are preferentially damaged, as
decreased function of the first connection of the indirect pathway is postulated
(as opposed to increased activity in the striato-GPi direct pathway)(Fig. 3B). While
in most causes of dystonia, there is no neuropathological evidence to support this
model, the exception to this is Lubag (DYT3), where recent neuropathological
evidence (1) suggests a mechanism by which increased activity of the direct pathway
may occur. In addition, the currently accepted model does not explain why both

Figure 2 (See color insert) Perinuclear inclusions in DYT1 dystonia. Top row; inclusion
bodies contain ubiquitin (red, Alexa Fluor 594) and are present in cholinergic neurons stained
for cholineacetyl transferase (ChAT; green, Alexa Fluor 488). Bottom row; inclusion
bodies also contain the nuclear envelope (NE) marker lamin A/C (red) and torsinA (green).
Cell nuclei stained with blue (bisbenzimide, Hoechst 3358). Source: Modified from Ref. 23
with permission.

Pathology of the Dystonias 69



pallidotomy and deep brain stimulation should reduce the symptoms of dystonia,
although current thinking suggests that abnormal neuronal firing pattern, rather
than absolute firing rate, is the critical factor. The role of the brainstem structures
in which neuronal pathology is found in DYT1 is unclear, but may implicate
impaired downstream processing of motor signals.

Caudate Nucleus/Putamen

The caudate nucleus and putamen are frequently involved when the clinical presen-
tation is of dystonia. However, they are also often affected in disorders in which the
predominant movement disorder is chorea, such as Huntington’s disease (HD). In
HD, as in a number of other neurodegenerative disorders affecting the basal ganglia,
a variety of movement disorders including tics, dystonia, chorea, myoclonus, and
parkinsonism may be observed. At present it is unclear what the difference is at
the neuropathological level between patients with different clinical phenotypes.

Figure 3 Model of basal ganglia circuitry in dystonia. (A) During normal function of the
basal ganglia, the direct pathway from the striatum inhibits neurons of the GPi, disinhibiting
the motor pattern generator, consisting of the motor thalamic nuclei and their projections
to the cortex. The neurons which select the motor program are represented as being sur-
rounded by a network, controlled by the indirect pathway, which reduces the generation of
unwanted movements. (B) In dystonia, there is decreased surround inhibition via the indirect
pathway, with loss of inhibition of unselected movements. (C) Incorporating the ‘‘third-path-
way’’ (38), as has been postulated from the neuropathology of Lubag (DYT3) (1), preferential
loss of striosomal neurons projecting to the SNc results in increased dopaminergic input to the
striatum, thus is the cause of the increased output via the direct pathway and the decreased
output via the indirect pathway. (D) In the parkinsonian stage of this disorder, loss of the
remaining neurons in the matrix results in damage to the direct pathway, and hence increased
output from the GPi/STN, as is seen in Parkinson’s disease.
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Many of the disorders described below have pathology extending into the
external and internal segments of the globus pallidus (GP). This is especially true
of structural lesions causing dystonia (41), such as infarction, arteriovenous malfor-
mation, tumor, or hemorrhage. The clinical results from such a lesion may be quite
variable and involve a variety of neurological and psychiatric symptoms (42).
However, it is apparent that lesions limited to the putamen may also result in pure
dystonia without apparent psychiatric symptoms (43).

Lubag

Analysis of the neuropathology of Lubag (DYT3) has generated provocative results,
potentially shedding light upon the mechanism of dystonia (1). Parkinsonian cases of
Lubag were compared with cases in which dystonia was the major clinical presen-
tation. In dystonic cases, there was a predominant loss of striatal projection neurons
in striosomes and patchy loss in the surrounding matrix (38). The authors postulate
that the loss of the GABAergic inhibitory striosomal projection to the SNc results in
increased nigrostriatal activity, thus causing increased activity of the neurons of
the direct pathway via excitatory dopamine D1 receptors (Fig. 3C). This would
result in increased inhibition, and hence decreased activity of the GPi, in accord-
ance with the predictions of the traditional model in dystonia. As the disease
progresses, striatal neuronal loss becomes more widespread, and loss of the striato-
GPi neurons of the direct pathway, which were previously hyperactive, results in
parkinsonism (Fig. 3D).

Additional studies of the neuropathology of Lubag reported verify caudate/
putamen involvement and also suggest moderate cerebellar Purkinje cell loss and
mild fibrillary gliosis without neuronal loss of the GP and SN (2,44).

Huntington’s Disease

HD is the most common neurodegenerative disorder primarily affecting the caudate/
putamen and may produce dystonia as part of a clinical phenotype of a mixed move-
ment disorder. Because of its relatively high incidence, it has been possible to study the
neuropathology in detail at different disease stages. The juvenile form, known as
the Westphal variant, with age of onset younger than 20, is characterized by a parkin-
sonian presentation, often with marked dystonia. In adult-onset HD, as the disease
advances, chorea often gives way to more parkinsonian and dystonic features, with
severe bradykinesia or akinesia, rigidity, and postural impairment (45,46). Initially,
striatal neurons projecting to the GPe, comprising the indirect pathway, are affected
(47). It is postulated that this corresponds to the initial appearance of chorea, prog-
ressing to parkinsonism as the direct pathway is affected. The pathophysiology of
dystonia in HD is not well understood. Involvement of the striatum is said to be more
severe in the juvenile form than in those with midlife onset, even though the duration
of disease from onset to death may be equivalent. The subtype of striatal neurons pre-
ferentially affected in this parkinsonian phenotype has not been specifically reported.
However, the juvenile form may respond to both l-dopa (48) and dopamine agonists (49),
suggesting that the deficit is of presynaptic nigral dopaminergic neurons, rather than
postsynaptic striatal neurons. Although degeneration of striatal medium spiny neurons
is well documented as the primary neuropathologic abnormality, loss of neurons from
the SN, both pars compacta and pars reticulata, has also been described (50,51).
Ubiquitin- and huntingtin-immunoreactive intranuclear inclusions are found in the cor-
tex in both juvenile and adult forms of the illness.
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Huntington’s Disease-like 2

There are several other neurodegenerative disorders affecting the basal ganglia, in
which the predominant movement disorder is chorea but dystonia is often a major
feature, such as Huntington’s disease-like 2 (HDL2) (6,52,53). Because neuropatho-
logical studies in these rare disorders are usually only available in cases that have
succumbed to advanced disease, it is has not been possible to perform studies to
determine if particular neuronal types are lost from the striatum or to correlate neu-
ropathological findings with the clinical presentation.

In HDL2 the neuropathological findings in the small number of cases with
advanced disease are very similar to those seen in HD, with marked atrophy and
gliosis of the caudate-putamen, and to a lesser extent of the GP. Also strikingly
similar to HD, there were numerous ubiquitin-immunoreactive neuronal intra-
nuclear inclusions throughout the cortex, accompanied by moderate neuronal loss
and gliosis (6,7).

Neuroacanthocytosis Syndromes

Post mortem findings in autosomal recessive chorea-acanthocytosis (54,55) reveal
severe neuronal loss and gliosis of the caudate, putamen (9–11), and, to a lesser
extent, the GP (10–12) and SN (12). There is occasional atrophy with gliosis of
the thalamus (11), with involvement of the anterior nuclei and centromedian nucleus
(10). Similar findings are seen in X-linked McLeod syndrome (54,55), with marked
atrophy and gliosis of the caudate nucleus and putamen (12,14) and moderate gliosis
and neuronal loss of the GP (15).

Corticobasal Degeneration

Corticobasal degeneration (CBD) is characterized by an asymmetric presentation of
parkinsonism, dystonia, and cortical deficits, attributed to pathology of the basal
ganglia and cortex. Limb dystonia may result in flexion contractures of the hand
and arm. The leg tends to be extended at the knee and the foot plantar-flexed and
inverted. The brain, upon gross examination, shows a variable degree of selective
atrophy of the cerebral cortex, which is usually distinctly asymmetric. The frontal
or parietal cortex is most commonly affected, although this feature may be quite
subtle. The midbrain appears somewhat shrunken, the aqueduct of Sylvius is enlarged,
and the SNc depigmented. Within the area of cortical atrophy, one sees severe neuro-
nal loss with gliosis. Scattered in these areas are remaining ballooned neurons with
a loss of Nissl substance and a rounded eosinophilic cytoplasm. In addition, in the
caudate, putamen, and adjacent white matter, one sees numerous thread-like
processes that stain with silver impregnation stains as well as antibodies directed
against abnormally phosphorylated tau. Tau-positive inclusions are also noted in
oligodendroglial cells, where they appear similar to those seen in cases of progressive
supranuclear palsy (PSP). The nosologic distinction between these two entities is
under discussion, with suggestions that they may be variants of the same disorder.

Multiple System Atrophy

Patients with multiple system atrophy (MSA) may present with a wide range of clini-
cal features. Although 90% of MSA patients will show some degree of parkinsonian
features, individuals with this disease are subclassified as Parkinson-predominant
(MSA-P) or cerebellar-predominant (MSA-C) forms. Although dystonic symptoms
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are not frequent, they may be encountered in the parkinsonian subtype. Typically,
the parkinsonism is midline with axial rigidity and falling, and cervical antecollis
is often seen (56). Limb dystonia may also be present (56). A number of brain
regions undergo neurodegeneration with neuronal loss, gliosis, and the presence of
a-synuclein-immunoreactive glial cytoplasmic inclusions. These regions include the
SN and LC, putamen, and subthalamic nucleus (STN). With cerebellar dysfunction
there is loss of Purkinje cells and neurons of the inferior olivary nuclei. There is con-
siderable variability in the extent of involvement in these various regions, and, at the
present time, it is unclear which area of particular damage correlates with the pres-
ence of prominent dystonia in MSA patients. Iron deposition in the lateral rim of the
putamen is a characteristic finding on magnetic resonance imaging (MRI), suggesting
degeneration of medium spiny striatal neurons. The limited benefit to the parkinson-
ism from dopaminergic medications implies postsynaptic loss of dopamine receptors
on striatal neurons projecting to the GPi, in addition to the loss of dopaminergic
SNc neurons. It is not yet known if neuronal loss in the putamen follows a specific
distribution in patients with dystonia, for example, affecting the neurons of the
indirect rather than the direct pathway (Fig. 3B).

Wilson’s Disease

Wilson’s disease (WD) may present with a variety of abnormal movements including
dystonia of face, neck, trunk, and limbs, although this is rarely the sole or presenting
feature (57). The causative mutation is of the ATP7B gene, resulting in an inability
to transport copper onto ceruloplasmin, with resultant copper accumulation in
putamen (and to a much lesser extent, the caudate nucleus and the GP) and in extra-
neuronal sites including the liver and cornea (58–60). Copper deposition and
cavitation is also seen in the GP. Alzheimer type II astrocytes, secondary to liver dis-
ease, are found in gray matter throughout the brain. Dystonia of the face, tongue,
and pharynx may be seen and may result in dysarthria. The classical ‘‘risus sardoni-
cus’’ of WD is caused by dystonia affecting the lower facial muscles. Hereditary
whispering dysphonia (DYT4) is associated with WD (61), although the mechanism
of pathophysiology and neuropathology are not known.

Idiopathic Basal Ganglia Calcification

Fahr’s disease [idiopathic basal ganglia calcification (IBGC)] refers to a hetero-
geneous group of disorders in which there is deposition of calcium in the basal
ganglia and other cerebral regions, particularly the deep cerebellar nuclei. The clinical
picture may include dystonia, parkinsonism, chorea, ataxia, cognitive impairment, and
behavioral changes. In one family, linkage to 14q was demonstrated (IBC1) (62),
although the gene has not yet been identified. In several families with autosomal
dominant inheritance, linkage to this locus has been excluded (63,64). In other
families (65,66), the pattern of inheritance and additional clinical features suggest
mitochondrial inheritance. Pathologically, abundant calcium deposition is found
predominantly in the putamen, caudate nucleus, and dentate nucleus. Calcium is also
found in the walls of blood vessels, although vascular disease is not a typical feature.

GM1 Gangliosidosis

The late-onset, chronic form of GM1 gangliosidosis (adult; type 3), caused by auto-
somal recessive inheritance of a deficiency of b-galactosidase, is slowly progressive

78 Walker et al.



and may present during childhood or as late as the fourth decade of life. This form
involves only the CNS and does not affect the skeletal system. Dystonia is often
marked, especially orofacial, and dysarthria and dysphagia may be severe. Features
of parkinsonism are also reported (67–70). MRI frequently shows bilateral
putamenal hyperintensities on T2 sequences (68,70), which are reflected by the
neuropathologic findings. In the adult-onset cases, the extent of involvement tends
to be more limited, with neuronal storage seen in caudate, putamen, and, to a lesser
degree, the amygdala, GP, and Purkinje cells of the cerebellum (69). There is evi-
dence of intraneuronal storage with swollen neuronal perikarya and accumulation
in adjacent glial cells. Membranous cytoplasmic bodies are seen ultrastructurally in
affected cells.

GM2 Gangliosidosis

The late-onset forms of GM2 gangliosidosis, due to autosomal recessive deficiency of
hexosaminidase A, may occur in childhood, adolescence, or adulthood as either sub-
acute or chronic forms. Dystonia and choreoathetosis have been reported in the
subacute forms, along with dysarthria, speech loss, ataxia, spasticity, seizures, and
behavioral changes (71–73). In general, cerebellar and corticospinal abnormalities
tend to predominate over basal ganglia–related symptomatology. Storage material
accumulates in the neurons and glia of the cortex and cerebellum. In some variants,
the SN and the basal ganglia are mildly involved.

Niemann–Pick Type C

Niemann–Pick type C may present in childhood or even late into adulthood, with
cerebellar signs, action tremor and myoclonus, seizures, and dysarthria. This auto-
somal recessive neurodegenerative disease is related to a failure of cholesterol
trafficking in the endosomal–lysosomal pathway. Dystonia, particularly of the lower
facial muscles, and choreoathetosis, may be present. As with GM2 gangliosidosis, the
presence of supranuclear gaze palsy, specifically loss of vertical gaze, may lead this
disorder to resemble PSP (74,75). Typically, there is visceral storage of sphingo-
myelin primarily in macrophages (‘‘sea-blue histiocytes’’). The neuropathologic
features tend to be rather variable, with some cases showing widespread neuronal
storage and others a more localized involvement (generally in chronic progres-
sive adult-onset cases). Neuronal cytoplasm is filled with sphingomyelin material.
In patients with the chronic progressive form of the disease, NFTs, similar to those
seen in Alzheimer’s disease, are also noted.

Neuronal Ceroid Lipofuscinosis

Dystonia is occasionally seen in the various forms of neuronal ceroid lipofuscinosis,
the different types of which are associated with mutations of a number of genes
(CLN1, CLN2, CLN3, CLN5, CLN6, and CLN8) for various endosomal-lysosomal
proteins (76). Accumulation of proteins results in the diagnostic autofluorescent
material within neurons. The specific neuropathological findings vary with the differ-
ent types. Dystonia has been reported rarely in the infantile form, along with an
unusual phenotype of microcephaly and hypotonia, with atrophy of the caudate
nuclei, due to mutation of CLN2 (77). In the juvenile form (late-onset Batten disease;
Spielmeyer–Vogt disease), usually due to mutations of CLN3, involvement of the
extrapyramidal system is a late feature, with occasional dystonia (78), accompanied
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by intellectual decline, visual loss, and seizures (79). In the adult form, Kufs’ disease,
the cerebellum and brainstem are predominantly involved, and the striatum and
thalamus can also be affected.

Glutaric Aciduria Type I

The striatum appears particularly vulnerable to accumulation of glutaric acid, in
glutaric aciduria type I, due to autosomal recessive inheritance of deficiency of glu-
taryl-CoA dehydrogenase. Dystonic posturing, especially facial grimacing, appears
during infancy and, occasionally, in later life. Degeneration primarily of the striatum
is found on neuroimaging and on neuropathological examination.

Lesch–Nyhan Syndrome

Lesch–Nyhan syndrome is an X-linked disorder caused by mutation of hypoxanthine
phosphoribosyl transferase, and presents at three to six months with psychomotor
retardation and hypotonia. Subsequently, spasticity, dystonia, and choreoathetosis
develop. A typical feature is self-mutilation, with biting of the hands and lips. The
enzyme deficiency results in the accumulation of uric acid, as there is impaired
phosphorylation of hypoxanthine and guanine.

Mitochondrial Disorders

Leigh’s syndrome may be attributed to a number of different mutations of mitochon-
drial DNA and presents in early childhood, although adult-onset presentation has
been reported (80). A variety of different neurological signs may be present, including
acute encephalopathy, psychomotor retardation, hypotonia, spasticity, myopathy,
dysarthria, seizures, dystonia, and chorea. An overlap with mitochondrial encepha-
lopathy with lactic acidosis and stroke-like episodes (MELAS) may occur (81).
Characteristically, lesions in the thalamus, caudate, putamen, midbrain, pons, and,
variably, the GP, are seen on neuroimaging, corresponding neuropathologically with
vascular proliferation, gliosis, neuronal loss, demyelination, and cystic cavitation of
these structures (82). In Mohr–Tranebjaerg syndrome, initially described as X-linked
dystonia and deafness, but subsequently determined to be due to a mitochondrial
mutation (83,84), neuronal loss and gliosis of the caudate, putamen, and GP have
been reported (85).

Creutzfeldt–Jakob Disease

Various movement disorders may be seen in Creutzfeldt–Jakob disease, typically
myoclonus and chorea, but sometimes dystonia. Spongiform changes are found
particularly in the cortex, caudate/putamen, thalamus, and cerebellum. Diagnostic
immunoreactivity to the prion protein PrP is seen in various patterns, depending
upon the genotypic variant.

Neuronal Intermediate Filament Inclusion Disease

Neuronal intermediate filament inclusion disease (NIFID) is a rare, apparently spor-
adic, disorder, in which the neuropathologic findings of intermediate neurofilament
inclusions are widespread throughout the brain, affecting particularly the frontal and
temporal lobes and the caudate nucleus. Clinically, symptoms develop in early-mid
adulthood (18) and correspond to the distribution of the lesions.
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Actin/Cofilin Aggregation

In a single pair of identical twins afflicted by an unnamed developmental and neu-
rodegenerative condition, with rapidly progressive generalized dystonia, spherical
deposits containing actin and cofilin were found in the caudate/putamen. These
structures were also found in the GP and the SN. There was no frank neuronal loss
or gliosis. Rod-shaped structures of similar composition were seen in the neocortex
and thalamus (86).

Tardive Dystonia

One of the forms of dystonia most commonly encountered in the clinic is tardive
dystonia, due to chronic administration of the classical neuroleptic or dopamine
receptor–blocking agents (DRBA). The pathophysiology of this condition and
of the other tardive movement disorders is still unknown; however, the role of
DRBA suggests involvement of the caudate and putamen. While acute neuroleptic-
induced dystonic reactions are usually seen in younger patients, the appearance of
tardive dystonia and dyskinesia (chorea) is seen more typically in older people with
cognitive impairment (87). This increased vulnerability suggests that progressive
neuronal loss because of factors such as normal aging, chronic psychiatric illness,
cerebrovascular disease, or Alzheimer’s disease, may play a role. There have been
reports of normal brains on pathological examination (88) or of various findings that
are likely to be nonspecific (89).

GP-Pars Externa/GP-Pars Interna/Substantia Nigra Pars Reticulata

Lesions or neurodegenerative processes usually appear to involve both segments of
the GP, internal and external, thus, they are considered here together. The neuronal
constituents of these two nuclei are very similar, consisting predominantly of large
GABAergic projection neurons. The main output target of the GPe is the GPi, thus
the effects of damage to the external segment are likely to be masked by the effects of
damage to the internal segment. The SNr is homologous to the GPi, consisting also
of GABAergic neurons and with very similar afferent and efferent connections, thus,
the pathology of either nucleus would have very similar effects upon the output of the
basal ganglia.

Intraoperative electrophysiological recordings suggest that decreased neuronal
activity of the GPi is found in dystonia (90,91). This correlates well with the direct/
indirect pathway model (Fig. 3B and C) and the causation of dystonia by lesions in
the nucleus. However, both high-frequency stimulation and lesions of the GPi have a
therapeutic benefit in dystonia (92), thus, it is hypothesized that disruption of
aberrant signal from the GPi in dystonia is of more clinical importance than the
restoration of a normal signal.

Progressive Supranuclear Palsy

Several types of dystonia may be seen in the otherwise parkinsonian condition of
PSP. Extension of the trunk and neck are characteristic, with retropulsion, and
blepharospasm is a frequent feature. Although usually associated with a diagnosis
of CBD, limb dystonia has been reported in neuropathologically–confirmed PSP
(93,94). Dystonic dyskinesias are rare as side effects of l-dopa therapy in this con-
dition but may occur (93,95). Patients with PSP show evidence of neurodegeneration
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in a number of brain regions including the thalamus, GP, STN, PAG, and SN. There
is also a variable degree of involvement of the dentate nucleus of the cerebellum. The
areas of neurodegeneration reveal neuronal loss and gliosis with NFT formation
is some remaining neurons. In addition, in astrocytes and in particular, oligodendro-
glial cells in these regions, one encounters comma-shaped tau-immunoreactive
inclusion bodies referred to as coiled bodies.

Primary Pallidal Degeneration

Conditions in which neuropathological changes are limited to the GP are relatively
rare; however, bradykinesia and dystonia have been reported in primary pallidal
degeneration (16). In this small series, the onset was in adulthood, and the disease
was distinct from PD in that there was no increase in muscle tone. Onset at younger
age has also been reported, associated with marked rigidity and more choreiform
and dystonic movements. Neuronal degeneration and gliosis was limited to neurons
of the GP.

Dentatorubropallidoluysian Atrophy

Dentatorubropallidoluysian atrophy (DRPLA) is a condition in which the neurode-
generative process affects the external segment of the GP more than the internal
segment. DRPLA is caused by CAG repeat expansions in the gene coding for atro-
phin-1 and may present with dystonia, myoclonus, and chorea, in addition to
dementia and ataxia. The model seems to be inaccurate in this example as a primary
lesion in the GPe should result in parkinsonism, not dystonia. However, one expla-
nation, consistent with the model, is that the neurodegeneration in the STN prevents
the effects of GPe damage from being clinically manifest. Cases generally show evi-
dence of severe neuronal loss in the GPe and the cerebellum (dentate nucleus) with
prominent atrophy of the superior cerebellar peduncles. Less prominent neuronal
loss is seen in the red nucleus, STN, caudate and putamen, thalamus, SN, and
inferior olives. Atrophin-1–immunoreactive inclusions are seen in neuronal nuclei
and more generally in neuronal cytoplasm.

Pallidoluysian Atrophy

Isolated pallidoluysian atrophy has been reported, presenting in mid-adulthood
with progressive generalized dystonia, bradykinesia, gait disorder, dysarthria, and
supranuclear gaze paresis (17). Neuronal atrophy and gliosis involved only the
GPe and the STN, supporting a mechanism of decreased GPi activity due to loss
of excitatory STN input, as the cause of dystonia.

Neurodegeneration with Brain Iron Accumulation

Several disorders are included under the classification of neurodegeneration with
brain iron accumulation (NBIA), resulting in iron deposition in the GP. These
include typical (and less commonly, atypical) pantothenate kinase–associated neuro-
degeneration, neuroferritinopathy, aceruloplasminemia, and Karak syndrome (96).
High levels of iron deposition are reported in the GP and are likely to be due to dis-
rupted iron metabolism (97,98).

Pantothenate kinase–associated neurodegeneration (PKAN) is caused by
mutations of pantothenate kinase 2 (PANK2) (99) and presents with mixed fea-
tures of orofacial and limb dystonia, choreoathetosis, cognitive impairment, and
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spasticity (100). The typical MRI ‘‘eye-of-the-tiger’’ pattern of iron deposition in the
GP is highly suggestive of the diagnosis (100). The majority of clinically typical cases
are due to mutations of PANK2, causing protein truncation. Pantothenate kinase
catalyses the rate-limiting step in the synthesis of coenzyme A from vitamin B5
(pantothenate). The amount of active enzyme correlates with the disease phenotype,
as typical patients have no active enzyme but atypical patients, in whom there may be
a missense mutation of PANK2, may have some enzyme function (100). The distri-
bution of the neurological lesions is thought to relate to the accumulation of iron
and other neurotoxic substances and to local tissue demand for coenzyme-A (99).
Iron deposition with marked pigmentation is found in both segments of the GP
and the SNr, with neuronal loss and gliosis.

Neuroferritinopathy is caused by mutation of ferritin light chain and also
results in iron deposition in the basal ganglia (8). Cystic changes affect predominantly
the GP and the caudate/putamen to a lesser extent. Spherical inclusions containing
iron and ferritin are found predominantly in the GP, but also in the forebrain and
cerebellum. Neuroaxonal spheroids, immunoreactive for ubiquitin, tau, and neuro-
filament are found diffusely in the GP, putamen, and white matter (8). Unlike the
other disorders (PKAN, aceruloplasminemia, etc.), most of which are inherited in
an autosomal recessive fashion, this is an autosomal dominant disorder. The result
is a variety of movement disorders including chorea, dystonia, and parkinsonism
(101,102), with onset at age 40 to 55 years, and rarely cognitive impairment (103).
Serum ferritin values tend to be below or at the lower end of the normal range.

Substantia Nigra Pars Compacta

Disruption of dopaminergic function has long been believed to play a major role in
dystonia, and this is now supported by a growing body of direct evidence (21,104–107).

The involvement of the SNc, with degeneration of dopaminergic neurons, in the
production of dystonia is unclear in some of the disorders described here, in which
neurodegeneration is widespread. In many of these diseases a variety of movement
disorders may be seen, including parkinsonism in addition to dystonia. This
makes it challenging to precisely determine the pathophysiological substrate for
the generation of dystonia. One potential mechanism for the production of move-
ment disorders may be imbalance in dopamine neurotransmission between the direct
and indirect pathways or within striatal microcircuits.

Parkinson’s Disease

A frequent presentation of early PD is painful foot dystonia, which is also seen in
later stages when l-dopa is wearing off. With more advanced disease, severe truncal
dystonia may be seen, resulting in forward and/or lateral flexion of the spine (camp-
tocormia) (108). Dystonia of the cervical, cranial, and upper limb muscles has also
been reported in PD (109–112). Dystonia is often a component of l-dopa–induced
dyskinesias (LIDs), a motor phenomenon typically associated with elevated plasma
levels of this agent.

There is debate as to whether disease due to some of the mutations identified to
date, such as of parkin and PARK8, can truly be called PD, as the pathologic hall-
mark, the Lewy body, is often (but not invariably) absent in these cases (113).
Mutation of the parkin gene typically results in disease onset in early adulthood,
often with prominent dystonia, sometimes exercise induced (114), as a presenting
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feature (114–117). The response to l-dopa is usually striking, and this feature, in
combination with marked dystonia, may even suggest a diagnosis of DRD, thus
neuropathological findings are important in making the correct diagnosis (118).

Dystonia does not appear to be as typical in disease caused by the other muta-
tions identified to date, such as of a-synuclein (119), UCH-L1 (120), DJ-1 (121),
PINK1 (122), or localized to the PARK8 locus (123), although these are rare
(124), and a typical phenotype is not yet fully characterized.

Dopa-Responsive Dystonia

Dopamine deficiency in the absence of nigral neurodegeneration is seen in dopa-
responsive dystonia (DRD; DYT5 and DYT14). Neuropathologically, there is
decreased immunoreactivity for tyrosine hydroxylase (TH) in the SNc, but no signs
of neuronal loss or Lewy bodies (4,5,125,126). Biochemically, dopamine levels are
reduced in the SN and in the striatum. The genetic defects interfere with the pro-
duction of cofactors or enzymes required for dopamine synthesis. The defects may
occur at several different points in the biosynthetic pathway and include guanosine
triphosphate cyclohydrolase-1 (GTP-CH1) deficiency (DYT5; autosomal dominant)
(4) and TH (DYT5; autosomal recessive).

Neuronal Intranuclear (Hyaline) Inclusion Disease

Neuronal intranuclear (hyaline) inclusion disease is a genetically heterogeneous
disorder diagnosed neuropathologically, with widespread intranuclear inclusions
throughout the central, peripheral, and autonomic nervous system (13). The onset
may be at any age, and those with young onset tend to have parkinsonism and dys-
tonia, in addition to behavioral changes, corticospinal cerebellar signs, and seizures.
Depigmentation of the SNc is often a major neuropathologic feature, and one case
has been reported with l-dopa–responsive dystonia, with marked SNc neuronal loss
in addition to more widespread lesions (127).

Subthalamic Nucleus

The primary condition in which STN degeneration is associated with dystonia is
DRPLA, however, the multinuclear nature of the pathology makes it difficult to
associate lesions of this particular nucleus with specific symptoms. STN lesions are
classically associated with hemiballismus, although bilateral STN lesions in PD, or
with incorrect settings of STN deep brain stimulation electrodes, may result in
severely dystonic speech. Certainly, STN underactivity will result in decreased GPi
neuronal firing. As the STN projects predominantly to the GPi, it is possible that it
is the pathology of this nucleus that plays a more significant role clinically.

Thalamus

According to the basal ganglia model, the thalamus, or at least the motor nuclei,
should be overactive in dystonia. This is concordant with the use of thalamotomy
being used to treat generalized dystonia until the advent of deep brain stimulation
in the 1990s. The precise localization of the lesions varied, but often involved the
motor nuclei (ventroanterior and ventrolateral). A moderate to marked improve-
ment is reported in approximately half of patients who underwent this procedure
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(128–130). However, dysarthria from dystonic speech was often amongst the post-
surgical complications of bilateral procedures (131).

Lesions of the thalamus have occasionally been reported as causing dystonia.
When this does occur, the characteristics of the involuntary movements are typically
different from those seen with other basal ganglia lesions. Vascular lesions affecting
the posterior motor nuclei have been reported as causing contralateral dystonic pos-
turing of the hand, with athetoid movements typical of cases presumed to be due to
loss of sensory input (‘‘pseudoathetosis’’), and myoclonus (132). This was usually in
the setting of contralateral hemiparesis and hemianaesthesia, and occasionally a
rubral-type tremor.

Cerebellum

The cerebellum is not typically invoked as a potential pathologic site for the cause of
dystonia, however, there is some evidence for its involvement, for example from
neuroimaging studies in humans (133). There is more evidence for the involvement
of the cerebellum from animal models, for example the dystonic dt rat, in which
the removal of the cerebellum results in marked reduction of dystonia (134,135).

Spinocerebellar Ataxias

Dystonia may be seen in a number of the spinocerebellar ataxias (SCAs), particularly
SCA III, (Machado–Joseph disease). However, in addition to cerebellar pathology,
the SNc may also be involved, which may account for parkinsonian features, and
possibly also dystonia.

A variety of movement disorders may be seen in SCA 17, including parkinson-
ism, dystonia, and chorea (136,137), in addition to the typical phenotype of ataxia,
dementia and hyperreflexia. Neuropathologically, cerebellar Purkinje cells are affec-
ted, in addition to the caudate/putamen and cerebral cortex (138).

Dystonia may be seen in the autosomal recessive ataxias, particularly in the
setting of spasticity. Again, the predominant neuropathogical abnormality is of
the cerebellum.

In Friedreich’s ataxia, the most common form of familial spinocerebellar degener-
ation, the characteristic symmetrical loss of myelin in the posterior columns and lateral
corticospinal tracts are unlikely to account for the dystonia occasionally seen. In the
cerebellum there is a loss of neurons in the dentate nucleus but the Purkinje cells remain
intact. Abnormal iron metabolism is implicated in the neurodegenerative process.

The neuropathologic lesion in ataxia–telangiectasia involves the cerebellum
with prominent degeneration of the cerebellar cortex, including loss of Purkinje cells
and internal granule cells. Transneuronal degeneration of the inferior olivary nuclei
is also encountered.

White Matter

White matter disorders present with a variety of neurological symptoms, including
dystonia. Metachromatic leukodystrophy, due to autosomal recessive inheritance
of mutations of aryl sulphatase-A, typically presents with cognitive and psychiatric
impairment, and occasionally generalized dystonia. The white matter is predominantly
involved, but accumulated sulphatides are found in neurons throughout the brain.

Movement disorders are uncommon in disorders of amino acid metabolism, apart
from glutaric aciduria type-I, but may be reported in homocystinuria. Neuroimaging

Pathology of the Dystonias 85



demonstrates white matter lesions, corresponding neuropathologically with a vas-
culopathy. Hartnup disease is an autosomal recessive disorder related to mutations
involving an apical membrane-situated amino acid transporter. This is thought to lead
to a deficiency in neutral amino acid absorption. Because of the failure of tryptophan
absorption, patients develop a pellagra-like syndrome with widespread nervous system
impairment. In the few autopsied cases, diffuse cerebral atrophy with demyelination,
cerebral cortical, and Purkinje cell loss have been described (139,140).

Neocortex

Nuchal or truncal dystonia may be seen in Alzheimer’s disease, typically in more
advanced cases, and in the setting of generalized rigidity and spasticity. The precise
relationship of the neuropathological findings to the development of movement
disorders is not yet defined, but is likely secondary to cortical neurodegeneration.
Drug-induced dystonia may be caused by DRBA, such as risperidone (141) and acet-
ylcholinesterase inhibitors (142,143).

CONCLUSIONS

It is clear that with more precise molecular characterization of the primary dystonias
and the application of better tools to identify and localize proteinaceous accumula-
tions, a neuropathologic picture is beginning to emerge. Additional cases, well
characterized both clinically and molecularly, are required to better understand these
disorders from a pathogenetic standpoint. With this the long sought-after goal of
identifying a consistent recognizable pattern of neuropathologic involvement will
be realized and the underlying pathophysiology of primary dystonia can be finally
articulated. The situation with the secondary dystonias is more complex because it
appears that many brain areas may be involved in such cases. Nevertheless, as a bet-
ter understanding of the pathophysiology of dystonia is reached, hopefully this can
begin to be applied to at least some these cases.
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7
Neuroimaging in Dystonia

A. R. Troiano and A. J. Stoessl
Pacific Parkinson’s Research Centre, University of British Columbia, Vancouver,
British Columbia, Canada

INTRODUCTION

In the last decades, technological innovations have provided a deeper understanding
of the mechanisms underlying neurological disorders. Magnetic resonance imaging
(MRI) has evolved into functional magnetic resonance imaging (fMRI), with the
ability to discern changes in cerebral function with good temporal resolution.
Increases in spatial resolution of positron-emission tomography (PET) and single-
photon emission computed tomography (SPECT), associated with the development
of new radiotracers, have also allowed novel approaches to the study of disease. The
impact of such advances is particularly pronounced in the fields of movement disor-
ders (MDs) and epilepsy. The investigation of Parkinson’s disease (PD) and dystonia
has benefited substantially from this more widely available technology. In PD, func-
tional imaging is useful in detecting dopaminergic cell loss and changes in cerebral
metabolic rates during the performance of behavioral or motor tasks. As for the
various forms of dystonia, imaging has corroborated what was suggested in clinical
and pathological investigations: instead of a single pathologic focus, dystonia is the
consequence of dysfunction in the cortico-subcortical networks of sensorimotor con-
trol, in which the basal ganglia represent only one of the players.

This chapter discusses the contributions of structural and functional imaging in
studying dystonia of various etiologies. In keeping with other segments of this book,
imaging challenges in dystonia will be approached from an etiologic basis.

SECONDARY DYSTONIAS

Dystonia may be the presenting feature or a late accompanying symptom of a vast
number of neurological disorders (Table 1). Age and mode of onset, family history,
associated signs, and presentation are helpful clinical clues to distinguish idiopathic
from secondary dystonia. Unless dystonia is restricted to the face or neck, virtually
every patient with dystonia without a clear family history of MD will undergo struc-
tural imaging. This is indicated because dystonia is the most common MD following
insults to the basal ganglia. Putamen and globus pallidus (GP) lesions are more
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Table 1 Structural Imaging Findings in Secondary Dystonia

Dystonia-plus syndrome
Progressive supranuclear palsy Decreased midbrain area (1)
Multiple system atrophy—parkinsonism Putaminal ‘‘slit,’’ midbrain hyperintensity, MRS

decreased NAA/Cr ratios (2), DWI increased
putaminal diffusivity (3), MRI volumetry
decreased striatal and brainstem volumes (4)

Corticobasal degeneration Asymmetric posterior frontal and parietal atrophy
Dopa-responsive dystonia Normal
Dystonia-myoclonus Normal
Heredodegenerative

X-linked
Lubag Striatal atrophy
Pelizaeus-Merzbacher disease MRI ‘‘tigroid’’ hemispheric white matter lesions,

MRS white matter high NAA/Cho, low Cho/
Cr ratios (5)

Lesch-Nyhan syndrome Caudate atrophy (6)
Autosomal dominant

Huntington’s disease Caudate and putamen atrophy
Autosomal recessive

Wilson’s disease Signal changes in basal ganglia (may improve with
therapy)

Neurodegeneration with brain iron
accumulation type 1, pantothenate
kinase-associated neurodegeneration

Iron deposition in globus pallidus (eye-of-the-tiger
sign, not always present) (7)

Acanthocytosis Cortical atrophy, signal alteration, or atrophy on
caudate and putamen

Ataxia-telangiectasia Cerebellar atrophy
Unknown mode of inheritance

Rett syndrome Nonspecific cortical and white matter atrophy
Familial basal ganglia calcifications Basal ganglia calcifications (particularly on CT scan)

Metabolic disorders
Glutaric academia Brain atrophy or hypoplasia, white matter

changes, wide open opercula, and basal ganglia
lesions (8)

Methylmalonic acidemia Hyperintensity globus pallidus (9)
Homocystinuria Nonspecific findings
Metachromatic leukodystrophy ‘‘Tigroid,’’ ‘‘leopard-skin’’ in deep white matter (10)
Ceroid lipofuscinosis Cerebral and cerebellar atrophy, cortical thinning,

and white matter changes (11)
Niemann-Pick type C Cerebral atrophy, brainstem abnormalities
GM1 Gangliosidosis Bilateral putaminal abnormalities
GM2 Gangliosidosis Childhood onset: basal ganglia and thalamic

abnormalities, thalamic hyperdensity (12),
juvenile onset: cortical, white matter, and
cerebellar atrophy (12–14)

Mitochondrial disorders
Leigh’s disease Hyperintensities in basal ganglia (putamen),

brainstem, and dentate nucleus
Leber’s disease White matter changes, possible association with

multiple sclerosis–like presentation

Abbreviations: Cho, choline; Cr, creatine; CT, computerized tomography; DWI, diffusion-weighted imaging;

MRI, magnetic resonance imaging; MRS, magnetic resonance spectroscopy; NAA, N-acetylaspartate.
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frequently associated with dystonia than caudate lesions. The latter lead more often
to behavioral or cognitive, rather than motor disturbances (15). While lesions to the
putamen are commonly unilateral, because the GP is susceptible to widespread
injury due to hypoxia or exogenous intoxications, bilateral damage is common.
Rarely, lacunar infarcts of the thalamus may lead to dystonia or myoclonic dystonia,
with well-circumscribed lesions of the centromedian, sensory (16), ventral intermedi-
ate, and ventral caudal nuclei having been reported (17).

Cerebrovascular Disease

Cerebrovascular disease of distinct etiologies may evolve into dystonia. Although
chorea is the most prevalent dyskinesia after stroke (18), generalized dystonia or
hemidystonia may develop from days to months after the vascular event. Typically,
MRI will demonstrate lesions of the basal ganglia and thalamus, but brainstem and
telencephalic lesions of frontal, temporal, occipital, and parietal lobes are also
seen (18). Dystonic contraction of the upper limb is seen in the setting of parietal
lobe stroke, particularly of the posterior division of the parietal branch of the Sylvian
artery (19). A variable time interval between insult and onset of MD is also seen in
hemidystonia. The lesions are usually of vascular origin, but small vascular tumors
have also been described. Although vascular lesions are often suggested by the pres-
ence of risk factors for stroke or a history of craniocerebral trauma (including
perinatal trauma) (20), in cases of childhood-onset progressive hemidystonia it is
advisable to rule out primary antiphospholipid syndrome (21–26).

Craniocerebral Trauma

Traumatic brain injury (TBI) is uncommonly followed by the appearance of dysto-
nia. There is often a time lapse between the event and development of dystonia. This
interval could be due to initial hemiplegia preventing the manifestation of dystonia
or due to neuronal plasticity that may be more prominent in young individuals (27).
While severe trauma is associated with extensive neuro-radiological findings, the
effects of relatively minor head trauma remain unknown. With severe head trauma,
imaging consistently identifies lesions in contralateral subcortical nuclei. Review of
two large dystonia-related TBI studies totaling 19 subjects finds that lesions of the
internal capsule were noted in 11 individuals and in every instance were associated
with other striatal and pallidal lesions. Whenever putamen and caudate were con-
sidered in isolation, putaminal lesions were observed in eight individuals and caudate
in four others. Lesions of the lentiform nucleus as a whole (putamen and GP) were
present in four patients. Pallidal and thalamic lesions were observed in four
individuals each. In addition to this topography, there was a vast array of telen-
cephalic lesions, comprising fronto-temporal and occipital hypodensities and, on
long-term follow-up, regional cerebral atrophy with dilated lateral ventricles and
white matter changes (27,28).

Dystonia-Plus Syndromes

The interpretation of MRI findings in dystonia-plus syndromes remains somewhat
speculative, given that description of imaging findings by necessity cannot focus only
on lesions associated with dystonic muscle contractions. While not typically used to
confirm the diagnosis of progressive supranuclear palsy, MRI may demonstrate
decreased midbrain area when compared to other forms of parkinsonism (1,29).
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In multiple system atrophy (MSA), predominance of parkinsonian features corre-
lates with a rim on the dorsolateral putamen detected on MRI, secondary to gliosis
and local deposits of iron (30). Whether this striatal abnormality also correlates with
dystonic cramping is not known. Pontine signal changes (‘‘hot cross bun sign’’) are
also seen in MSA, and are consistently more related to cerebellar disturbances (31).

Dystonia may be an early feature of Huntington’s disease (HD), more so in
early-onset rigid-akinetic forms. Internal shoulder rotation, fist clenching, and exces-
sive knee flexion are its most common forms (32). In pregenetic testing times,
computed tomography (CT) scan was regularly employed for the diagnosis of HD,
showing bilateral atrophy of the caudate and putamen with an apparent increase of
the lateral ventricles. More recently, magnetic resonance-based spectroscopy and
voxel-based morphometry (VBM) allow the study of more specific disease-related
alterations that could potentially be followed in the future, because new treatments
emerge. In early HD, VBM showed a pattern of degeneration comparable to that of
pathological studies, in which dorsal and caudal striatum are primarily affected (33).

Neurodegeneration with brain iron accumulation type 1 (NBIA1) is a rare auto-
somal recessive neurological disorder of variable age of onset, attributed to mutation
of the pantothenate kinase 2 (PANK2) gene. Most individuals with childhood onset (typi-
cal NBIA1) display dystonia, and more commonly, choreathetosis, corticospinal tract
signs, retinitis pigmentosa, optic atrophy, and cognitive impairment. Adult-onset (atypi-
cal NBIA1) cases predominantly manifest with parkinsonism. Virtually all individuals
homozygous for the PANK2 mutation demonstrate a pathognomonic MRI pattern,
characterized by bilateral hypointensity of the GP with a central area of hyperintensity
on T2-weighted images—classically termed the ‘‘eye-of-the-tiger’’ sign. However, this
MRI finding may be present only early in the disease. A report of one child with progres-
sive neurological decline demonstrated this MRI finding after four years of symptoms
with a follow-up scan at 11 years showing only nonspecific pallidal changes (7).

Although the neurological form of Wilson’s disease (WD) typically starts with dys-
arthria, tremor, and dysgraphia, 40% to 65% of patients develop dystonia in the course
of disease, 50% of those displaying generalized dystonia (34,35). Similar to other second-
ary conditions, peripheral putaminal lesions on T2-weighted images correlate with the
presence of dystonic movements, whereas parkinsonism is related to both striatal and
nigral lesions (36). Functional imaging suggests a relationship between regional or glo-
bal cerebral blood flow and disease severity (37,38). In Wilson’s disease (WD) displaying
parkinsonism or dystonia, there is evidence for presynaptic dopaminergic abnormalities,
as shown with [18F] dopa (39) and [11C]-(þ)-nomifensine, which binds to the dopamine
transporter (DAT) (40). Interestingly, both MRI lesions and decreased binding to D2
receptors tend to improve with D-penicillamine or other chelation therapy (41,42).

THE DOPAMINE SYSTEM IN DYSTONIA

Evidence linking impairment of the dopaminergic axis to symptoms of dystonia
remains unclear, but may be a function of dynamic rather than slowly progressive
changes. From a clinical perspective, the ‘‘off’’-period dystonia in PD is quite likely
associated with falling levels of synaptic nigrostriatal dopamine (DA), while acute
drug-induced dystonia is seen in the setting of recent introduction of DA receptor
blocking drugs. In addition, animals exposed to N-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) display dystonic symptoms as they evolved to more characteristic
signs of parkinsonism (43). While dysfunction of the dopaminergic pathways is less
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convincing in the setting of primary dystonia, postmortem examination has demon-
strated moderate depletion of DA in anterior striatal regions, but the overall change
does not appear to be sufficient to cause dystonia (44,45). Given other reports of
increased striatal levels of the DA metabolite 3,4-dihydroxyphenylacetic acid in the
setting of lower DA levels, perhaps these findings suggest alterations in DA turnover,
and relatively dynamic changes at nigrostriatal synapse (46).

Functional neurologic imaging has not provided clear insight into the role of
DA turnover in dystonia. An early PET study demonstrating increased striatal
18F-dopa was the first to suggest increased DA turnover in primary dystonia. In this
investigation, Otsuka and coworkers assessed eight subjects, three with generalized
symptoms and five with segmental or focal signs. Surprisingly, even in individuals
displaying asymmetric clinical findings, the increase in 18F-dopa uptake was not dif-
ferent between striatal sides (47). In addition, other investigations have reported
normal or decreased 18F-dopa uptake in primary dystonia (24,48,49). Although it
is difficult to resolve these data, it should be noted that the presence of reduced
18F-dopa uptake in individuals with hemidystonia should be viewed with caution,
for in most instances there is an associated structural lesion of the contralateral stria-
tum. Furthermore, regional pathologic alterations are associated with vascular
changes that alter the uptake of ligand, but may not necessarily reflect neurotrans-
mitter abnormalities.

Another means of measuring presynaptic DA function is to assess DAT avail-
ability. Despite inherent limitations, such as variations related to compensatory
regulation or the effects of pharmacological intervention, the DAT can be studied
using a variety of approaches. Although data concerning the role of the DAT in dys-
tonia remain scarce, Naumann et al. report preservation of presynaptic function
using 123I-b-CIT SPECT in patients with cervical dystonia (50). Given the recent dis-
covery of reduced cell membrane expression of DAT associated with the DYT1
mutation (51), the role of DA in generalized dystonia may be reemphasized.

Dopa-Responsive Dystonia

Investigation of presynaptic dopaminergic integrity has been repeatedly targeted in
individuals with dopa-responsive dystonia (DRD). The typical form of this disease
is inherited as an autosomal dominant trait with loss of function of the guanosine
triphosphate cyclohydrolase 1 (GTPCH1) gene, limiting the synthesis of DA.
DRD may also present with parkinsonism in addition to dystonia, creating a diag-
nostic uncertainty between DRD and early-onset Parkinson’s disease (EOPD) that is
usually resolved with genetic testing (52). In such cases, diagnosis may be determined
with functional imaging (Table 2). Although initial reports suggested decrease in
striatal uptake of [18F]-dopa (53,54), Snow et al. (55) demonstrated normal values.
Given that GTPCH1 mutations result in reduced activity of tyrosine hydroxylase,
DA striatal uptake in DRD should not be affected (70), and the observation by Snow
et al. is now accepted. In retrospect, the neurochemical substrate for DRD was thus
predicted by PET studies prior to the identification of mutations in GTPCH1, and
remains useful in evaluating subjects with variable symptoms of dystonia.

PET visualization of vesicular monoamine transporter (VMAT) (56) and DAT
(56,57) confirms postmortem findings that presynaptic dopaminergic terminals are
intact in DRD. Indeed, there is an increase in VMAT binding in untreated DRD,
possibly reflecting the effects of profound depletion of intravesicular DA, and also
explaining the prolonged response to levodopa in this condition, in contrast to
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PD, in which vesicular trapping of DA is impaired (56,71). Furthermore, unlike the
PET findings in DRD, DAT binding is consistently decreased in EOPD. Most stud-
ies comparing DAT changes between DRD and EOPD employ SPECT (58–60). This
offers a practical advantage, because neuro-PET scanners are usually restricted to
research centers and SPECT is more widely available.

In addition to the limited synthesis of DA, D2-like receptors are upregulated in
DRD (57,61,62). This cannot be attributed to DA deficiency alone, because the same
increase is observed in asymptomatic gene carriers and in symptomatic individuals
after prolonged treatment with levodopa (61). These findings suggest that GTPCH1
gene mutations also lead to cellular changes postsynaptically, instead of a pure pre-
synaptic deficiency of DA.

Although [11C]-raclopride binding is susceptible to changes in the availability
of endogenous DA, this would not be the case when higher affinity D2 ligands, such
as [18F]- or [11C]-spiperone and [18F]-benperidol are used. D1-like receptors are
reportedly normal in DRD (57).

IMAGING STUDIES IN DYT1 DYSTONIA

Given the paucity of neuropathologic change in idiopathic torsion dystonia, func-
tional neuro-imaging has an important role in determining disease pathogenesis.

Table 2 Functional Imaging in Primary Dystoniaa

Dopaminergic radioligands
Primary generalized dystonia
[18F]-DOPA Increased (47), normal (47,48), or decreased (24,49)
DAT Normal (50)
Dopa-responsive dystonia
Presynaptic

[18F]-DOPA Decreased (53,54), normal (55)
VMAT2 Elevated (56)
DAT Normal (56–60)

Postsynaptic
D1 receptors Normal (57)

Pre/postsynaptic
D2 receptors Elevated (57,61,62)

Cerebral blood flow (CBF) and metabolism
Dystonia-related pattern Increased metabolism lentiform, pons, midbrain,

lateral frontal cortex, and SMA (63,64)
Regional CBF
Metabolic disruption of connectivity Striatum  ! premotor cortex (65)

Thalamus ! caudate/lentiform nucleus (64,66)
Sensorimotor cortex Increased (67) or decreased (68)
Premotor area (at rest) Increased (64,69)
Supplementary motor area Increased (68)

aFindings of presynaptic dopaminergic integrity are variable, although DAT is usually normal. Increases

in D2 receptors in DRD may be due to decreased dopamine synthesis or use of [11C]-raclopride as radio-

ligand (see text). Studies of cerebral blood flow disclose metabolic changes in sensorimotor and frontal

regions, as well as in the striatum and midbrain.

Abbreviations: DAT, dopamine transporter; SMA, supplementary motor area; VMAT2, vesicular mono-

amine transporter type 2.
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While some changes in the dopaminergic axis have been postulated, the role and
mechanisms for this pharmacologic alteration are more likely to occur is concert
with molecular changes associated with torsinA activity. The DYT1 gene, localized
on chromosome 9q34, encodes torsinA, which is mostly found in the perinuclear
envelope of neurons, particularly in the brainstem, cerebellum, and hippocampus
(72,73). Molecular diagnosis has allowed the demonstration of neurophysiological
evidence that nonmanifesting DYT1 (NMDYT) carriers display abnormal inhibitory
cortical mechanisms, but to a lesser extent than individuals manifesting dystonia
(74,75). Recently, concurrent positron emission tomography with H2

15O demon-
strated that, in order to perform the sequence memorization, gene carriers activated
larger proportions of prefrontal cortex (right supplementary motor area and left ven-
tral prefrontal cortex), occipital association cortex, and cerebellar hemisphere, while
the posterior cingulate cortex was underactive (tasks executed with the right hand)
(76). Perhaps these enhanced cortical activations reflect striatal alterations, given
that altered supplementary motor area (SMA) pattern activation seems to be part
of a more widespread set of network changes in DYT1 carriers.

Diffusion tensor imaging is another tool, previously used to assess stroke and
demyelinating disease, used to discern the spectrum of changes separately manifest-
ing from NMDYT carriers (77,78). This image sequencing process, by measuring
fractional anisotropy, an index of water diffusivity and organization of axons in par-
allel bundles of fibers (79), has demonstrated white matter changes underlying the
sensorimotor cortex in carriers of torsinA mutations (80). While the subtle changes
in myelin seen with DYT1 may reflect changes underlying pathophysiology of dysto-
nia, the link between DA metabolism and D2-like receptor expression have not been
established. However, in vivo investigations suggest that pharmacological stimu-
lation of D2 receptors decreases GP regional blood flow, thereby modulating cortical
motor activity (81). Furthermore, speculation concerning the role of the indirect
pathway is also relevant, given the decrease in striatal D2 receptor expression asso-
ciated with the DYT1 mutation (82–84).

In an effort to better assess the role of DA in DYT1 dystonia, it is useful to
review traditional PET analysis with complex statistical models [Scaled Subprofile
Model (SSM)]. Applied to PD, this principle identifies a network composed of
increased subcortical metabolism (pallidum, thalamus, and pons) and decreased cor-
tical activation (SMA, lateral premotor, dorsolateral prefrontal cortex (DLPFC),
and parietooccipital association cortices) (63,85). In contrast, dystonia features a
relative overactivation of the SMA, as well as hypermetabolism of the lentiform
nucleus (Fig. 1) (63), and suggests that increased SMA metabolism leads to the muscle
co-contractions that characterize dystonia (86). In addition, a disparity of activation
between the basal ganglia and thalamus is also noted, with pallidal metabolism
uncoupled to thalamic activity (64,66). This lentiform-thalamic dissociation suggests
that pallidal activity may be a preponderant factor in the physiopathology of dysto-
nia, and may be a distant effect of mutant torsinA expression in the midbrain reticular
formation and periaqueductal grey area, and reduced expression in the basal ganglia
(73). Partial support for this concept is the observation of symptomatic benefit from
deep brain stimulation (DBS) of the GP (87). Furthermore, regional cerebral blood
flow PET has demonstrated that pallidal DBS ameliorates the frontal overactivity
observed during performance of a joystick task (88). The abnormalities demonstrated
by SSM are highly predictive of patients with symptomatic dystonia (89). This
pattern may evolve with disease progression. Thus, NMDYT individuals demonstrate
increased metabolic activity of the cerebellum, caudate, lentiform nuclei, and SMA
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with decreased midbrain activation. Affected DYT1 patients not only continue to
exhibit increased metabolism of the cerebellum and to a lesser extent, cerebral hemi-
spheres (SMA and lateral premotor cortex), but also show increased midbrain and
thalamic activity.

IMAGING STUDIES IN FOCAL DYSTONIA

Current imaging studies in DYT1 dystonia do not suggest sensory cortex input to the
metabolic network studied in dystonia. However, it is difficult to discount the role of
sensory modulation in the presence of the geste antagoniste in some forms of focal
dystonia, as well as the tendency for vibratory stimuli to induce dystonic posturing
in writer’s cramp (90). Imaging studies in studies of focal dystonia remain difficult to
interpret, and disparate findings may be due, in part, to distinct study protocols, and
continually improving imaging technology (65,67,68,91). Because writer’s cramp is easy
to produce in an fMRI protocol, this condition is ideal for this technology. Early fMRI
study disclosed abnormal mechanisms of muscle relaxation in writer’s cramp (92). Del-
maire and colleagues postulated that changes in fluidity of muscle contraction and
relaxation, while thought to be a basal ganglia function, may represent somatotopic
misrepresentations of the cortex (93). Using fMRI during the performance of finger
and toe movements on the affected side (without triggering dystonia), patients activated
portions of the contralateral putamen when compared to normal controls.

The connections between frontal areas and basal ganglia, as part of the cortico-
striato-pallidal-cortical loop, are a point of particular interest, because disrupted
communication between structures could underlie the emergence of dystonia. Loss
of normal coupling between thalamus and caudate/lentiform metabolism was
reported in earlier studies (66) and replicated with more recent PET methods (64).
A similar disconnection was shown in patients with writer’s cramp, in which discrep-
ant metabolic rates were noted between the striatum and premotor cortex and
between contralateral premotor cortices (Fig. 2) (65).

In individuals scanned at rest, there is consistent premotor hypermetabolism
(64,69). Findings are less clear when voluntary movement comes into play: during

Figure 1 Fluorodeoxyglucose positron-emission tomography of DYT1 dystonia. With
appropriate statistical models, functional imaging identifies a network of regions responsible
for the manifestation of dystonia. Such network, referred to as torsion dystonia-related pat-
tern, is composed of increased metabolism of the globus pallidus, putamen, supplementary
motor area, and cerebellar hemisphere. Abbreviations: GP, globus pallidus; SMA, supplemen-
tary motor area. Source: From Ref. 63.

100 Troiano and Stoessl



dystonia-inducing tasks, metabolic activity in the premotor area may either decrease
(65,67) or increase (94). Analogous increments are also observed during joystick
manipulation (91). The failure of activation of premotor areas [as well as caudal
SMA (68)] could potentially explain the slowness of movements observed in dysto-
nia. While this literature remains controversial, elevated metabolism of some cortical
areas is used to justify dystonia (91), while decreased activation is thought to explain
bradykinesia, reflecting our limited understanding of motor control (64,68,95).

CONCLUSION

Neuroimaging has become an indispensable part of the assessment and research of dys-
tonia. In primary forms of the disease, functional imaging endorses prior hypotheses of
disturbances of the DA system, constituted by pre- and postsynaptic alterations. This is
also the case with DRD, in which D2 receptors are upregulated. Studies of cerebral
blood flow and glucose consumption suggest that interconnected cortico-subcortical
structures participate in the physiopathology of this condition. Whereas the basal ganglia
display conspicuously increased metabolism, prefrontal, premotor, and sensorimotor
areas present variable metabolic changes. This can be a result of disease mechanisms
that differ between focal and generalized dystonia and distinct study methods. PET
studies associated with sensory stimuli support the concept that dystonia is the result
of impaired sensory and motor processing, rather than an exclusively motor disorder.

Figure 2 Schematic representation of cortical activations obtained with rCBF positron-
emission tomography at rest and during handwriting in individuals with writer’s cramp and
controls. At rest and during the writing task, the connections between frontal regions are
decreased in patients, compared to controls. Thick lines represent statistically significant cor-
relations. Abbreviations: PMC, premotor cortex; SMA, supplementary motor area; MC,
motor cortex (L¼left, R¼right). Source: Adapted from Ref. 65.
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Interference with abnormal pallidal activity could underlie the clinical improvement
following globus pallidus deep brain stimulation (GPi DBS) in selected patients. In
secondary dystonia, structural imaging frequently identifies putaminal lesions. In
addition, MRI virtually establishes the diagnosis in conditions such as NBIA1, sup-
ports clinical decision making in MSA and might help treatment follow-up in WD.
Future developments might establish the role of functional and structural imaging
in the differential diagnosis of dystonic disorders and treatment follow up.
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Primary Generalized Dystonia

Johan Samanta
Banner Good Samaritan Medical Center, Phoenix, and Department of Neurology,
University of Arizona College of Medicine, Tucson, Arizona, U.S.A.

INTRODUCTION

Dystonia is a syndrome of sustained, repetitive, patterned muscle contractions pro-
ducing twisting (e.g., torticollis) or squeezing (e.g., blepharospasm) movements or
abnormal postures that may be present at rest, with changing posture, or when per-
forming a specific motor activity. Severity and extent of involvement, however, can
vary considerably from task-specific contractions of a single limb to continuous and
generalized contraction of limb and axial muscles.

Oppenheim coined the term Dystonia Musculorum Deformans in 1911 to
describe a group of children with abnormal postures and progressive disability (1).
However, because dystonia is not a disorder of the muscle and does not always pro-
duce postural deformity, the shortened term is now preferred. Over the last 95 years,
the classification of this disorder has evolved from one of primarily clinical characteri-
zation (e.g., focal, segmental, or generalized dystonia) to etiological characterization
with molecular designations describing a number of alleles associated with these con-
ditions (2). Increasingly, careful phenotypic analyses within specific kindreds have
lead to the realization that a wide range of clinical presentations may exist within
a specific genotype. Thus, the current use of two broad etiologic categories: primary
(or idiopathic) and secondary (symptomatic).

Secondary dystonia (Chapter 16) can be associated with a number of
disorders that are either acquired (e.g., neuroleptic-induced, postinfectious, cerebro-
vascular) or are part of an inherited disorder (e.g., Wilson’s disease, Huntington’s
disease, and Hallervorden-Spatz). These secondary dystonias typically present
with other abnormalities on examination beyond dystonia (e.g., ataxia, dementia,
pathological reflexes, parkinsonism), and laboratory and imaging findings can be
instrumental in making a diagnosis. Primary dystonia, however, should present with
no other examination findings than the dystonia itself. A consistent pattern of
abnormality on laboratory and imaging studies has not been described in primary
dystonia. Thus, such studies are usually unremarkable.

It is the ongoing elucidation and characterization of the genetic basis of the
childhood- and adult-onset primary dystonias that may provide the strongest clinical
aid to diagnosis and, eventually, to more definitive treatments. The first of these

SECTION II: SIGNS AND SYMPTOMS
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genetic characterizations, DYT1, is an autosomal dominant disorder localized to
chromosome 9q32–34. It is this population that represents the Dystonia Musculorum
Deformans subjects originally described by Oppenheim and is now termed ‘‘idio-
pathic torsion dystonia’’ (ITD). Because the epidemiology (Chapter 2), genetics
(Chapter 3), and pathophysiology (Chapters 5 and 6) of primary dystonia have
already been covered in detail, this chapter will review clinical presentation and
course, differential diagnosis, and approach to treatment, particularly as related to
early-onset and generalized primary dystonia.

CLINICAL PRESENTATION

The clinical range of primary dystonia is quite variable, and familial and population
studies of allele carriers demonstrate a wide range of symptom involvement from
generalized (affecting the entire body) to focal (confined to one body part). Focal
dystonias can involve the head (cranial dystonia), neck (cervical dystonia), or limb.
Cervical dystonia is the most common focal dystonia followed by blepharospasm,
limb, and laryngeal dystonia. The most common form of limb dystonia is writer’s
cramp, a task-specific dystonia. While the presentation and course of a subject with
primary dystonia is highly variable, it usually begins as a focal dystonia, and is
present only with certain actions. However, symptoms may progress to involve the
trunk, neck, face, and upper limbs, and may also become more persistently present,
eventually persisting even at rest.

Age of onset appears to be closely linked to both likelihood and degree of pro-
gression in primary dystonia. There is a bimodal distribution in age of onset with
modes at nine years (early- or childhood-onset) and 45 years of age (late- or
adult-onset) with a nadir at 27 years (3). Adult-onset primary dystonia usually pre-
sents with cervical, cranial, or upper limb involvement and only about 20% to 30%
progress to segmental involvement, with generalized dystonia being quite unusual.
Adult onset of generalized dystonia is strongly suggestive of a secondary dystonia.
Conversely, childhood-onset patients most often present with dystonia of a single
limb with progression to segmental or generalized dystonia occurring in the great
majority of patients (Table 1). The body region first affected is significant as well,
with onset in the leg associated with earlier onset (approximately 8.5 years of age vs.
11 years), as well as greater likelihood of and more rapid progression to generalized

Table 1 Presentation and Progression of Primary Dystonia by Age at Onset

Onset< age 13
Presentation most often in limb (leg> arm)
Progression to generalized dystonia common
Often familial

Onset ages 13–20
Presentation in arm> leg, but cervical and cranial onset common also
Most often remains focal or segmental, but generalized dystonia occurs

Onset> age 20
Presentation most often with cervical or cranial dystonia, onset in leg is rare
Remains focal> segmental (�20%) > generalized (rare)
Typically sporadic
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dystonia than when onset is in the arm (4,5). While child- and adolescent-onset
primary dystonia is more common in Jews of Ashkenazi ancestry, there does not
appear to be significant difference in clinical presentation and course between Jewish
and non-Jewish patients. It should be noted that exceptions to this pattern do
exist and should be considered when evaluating any patient with dystonia. Leg
dystonia in patients beyond 30 years of age should prompt a concern for idiopathic
Parkinson’s disease. In children, the development of leg dystonia, particularly in the
presence of diurnal fluctuation of symptom severity, may represent the initial onset
of dopa-responsive dystonia (DRD).

Primary dystonia in a limb (regardless of age at onset) often starts as a task-
specific dystonia, occurring only when performing a specific motor activity (e.g.,
walking or writing). Progression may manifest as activation of the dystonia with less
specific motor activities (e.g., walking and running, writing and typing) or with
actions of other parts of the body and may eventually lead to persistent dystonic
activity even while at rest. The presence of dystonia at rest, if left untreated, may lead
to fixed postures and eventually to permanent contractures.

Progression may also occur as a spreading from focal involvement (e.g., a sin-
gle limb) at onset to involvement of adjacent segments of the body and eventually
more distally (generalized) dystonia. This may first present with involvement of mus-
cles not normally used in the provoking task. This phenomenon, termed ‘‘overflow,’’
may produce forearm pronation and wrist flexion in addition to lower-limb dystonia
when walking, or elbow elevation and shoulder abduction in addition to exagger-
ation of grip and wrist flexion when writing. Lower limb dystonia of childhood-onset
tends to spread to bilateral lower limb involvement followed by involvement of the
trunk and eventually may include upper limb, cervical, and cranial dystonia as well.
The rate of progression to generalized dystonia with onset in a leg is less than five
years, compared to more than 11 years with arm-onset. Rarely, dystonia may pro-
gress to involve only the other ipsilateral limb, producing a hemidystonia. However,
this is not typical in the setting of primary dystonia and the presence of hemidystonia
is overwhelmingly associated with secondary rather than primary dystonia (6,7).

An important clinical feature of primary dystonia is that certain postures or
‘‘sensory tricks’’ (geste antagoniste) can transiently diminish or even completely
relieve dystonic movements. Classically, gentle counter pressure to the neck or jaw
may enable the patient with cervical dystonia to achieve and maintain a normal head
position. While cervical dystonia is most commonly associated with benefit from sen-
sory tricks, patients with other focal as well as generalized dystonia may successfully
employ similar strategies. Another clinical feature often present in primary dystonia
is tremor. Termed dystonic tremor, it is felt to arise from the patient’s attempt (often
unconsciously) to overcome the abnormal posture of their dystonia. Dystonic tremor
is a focal, action-type tremor and tends to be irregular in both amplitude and
rhythm. It is most pronounced when the patient actively works to resist the pulling
of the dystonic muscle groups and may be silent when the patient permits the
involved body part to assume its full dystonic posture (8). Dystonic tremor has been
reported as the first and, sometimes, only manifestation of dystonia. Additionally,
the presence of tremor resembling essential tremor has been reported in up to 20%
of patients in some series, though linkage analysis has not supported a common
genetic origin with essential tremor thus far (9,10). Rapid dystonic movements resem-
bling myoclonus can occur in some patients as well. They are usually seen on
voluntary muscle activation and tend to be superimposed on dystonic muscle spasms
(11). Emotional stress and fatigue also tend to aggravate dystonia and associated
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movements, while relaxation and rest tend to reduce the spasms. Dystonia resolves
during deep sleep. With the exception of cervical dystonia and some presentations
of posttraumatic dystonia (see below), pain is not common in primary dystonia.
Similarly, patients with generalized dystonia and cervical involvement may report
pain in that area only.

Gait, especially in early-onset dystonia, can be affected. Commonly, the leg
swings forward abnormally with abduction at the hip and the lower leg and foot
angled medially, nearly striking the opposite leg. However, other postures and gaits
can be seen as well. When the axial muscles are involved, the patient may develop
what has been termed ‘‘dromedary gait,’’ with the trunk bent forward at the hips
and the neck extended (Fig. 1). This pattern of posture and ambulation is in contrast
to the cervical and axial hyperextension or opisthotonus seen in tardive dystonia.
Over time, some patients with generalized dystonia may become unable to walk at
all or only for a few steps before being overwhelmed by their dystonia.

Although primary dystonia is considered a chronic lifelong disorder, remis-
sions do occur. Partial-to-complete remissions have been reported in up to 20% of
adult-onset primary dystonia. Remissions are more common in cervical dystonia,
tend to occur during the first two to three years from onset, and are transient, lasting
from days to several years (12). Conversely, child-onset primary dystonia is only
rarely associated with remission that is typically brief and partial (13).

DIFFERENTIAL DIAGNOSIS

While the genetic basis of primary generalized dystonia has been well established,
there is increasing evidence that many adult-onset focal dystonias are genetically
based as well. Molecular descriptions of dystonic conditions have been reported with
ITD (DYT1), focal dystonia (DYT7), mixed dystonia (DYT6 and DYT13), DRD,
myoclonic dystonia, rapid-onset dystonia parkinsonism, Fahr disease, Hallervorden-
Spatz syndrome, X-linked dystonia parkinsonism, deafness-dystonia syndrome,
mitochondrial dystonias, myoclonic dystonia, neuroacanthocytosis, and the parox-
ysmal dystonias/dyskinesias (14). Additionally, focal dystonias may emerge in

Figure 1 Patient with generalized dystonia displaying ‘‘dromedary gait.’’ Source: Photo
courtesy Mark Stacy.
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families exhibiting generalized dystonia (15), and have also been related to the DYT1
allele (16). While the gene test for the DYT1 mutation remains the only one available
for primary dystonia, genetic testing is currently available for several other dystonic
syndromes.

Extrapyramidal syndromes such as Wilson’s disease, Parkinson’s disease, pro-
gressive supranuclear palsy, corticobasal ganglionic degeneration (CBGD), and
multiple system atrophy may be associated with dystonia. While focal and segmental
dystonia is seen most often in these disorders, axial and generalized involvement
can occur as well. Lower limb dystonia can be the presenting symptom of idiopathic
Parkinson’s disease, especially in young-onset individuals. Writer’s cramp, torticol-
lis, oromandibular dystonia, and blepharospasm have been observed to precede
the onset of Parkinson’s as well. Patients with progressive supranuclear palsy often
present with dystonic muscle contraction of the axial muscles as well as blepharo-
spasm, and some patients with CBGD exhibit profound limb dystonia in addition
to, and sometimes masking, symptoms of the ‘‘alien-limb’’ phenomenon. Tonic
spasms of multiple sclerosis are typically transient attacks of the limbs, and can
present as limb dystonia, hemidystonia, or even generalized dystonia. Other second-
ary causes of dystonia include exposure to dopamine (DA) receptor-blocking drugs
(tardive dystonia), hypoxic encephalopathy (particularly in child-onset dystonia),
head trauma, encephalitis, human immunodeficiency virus and other infections, per-
ipheral or segmental nerve injury, reflex sympathetic dystrophy, inherited disorders
(e.g., Wilson’s disease), metabolic disorders, and other inborn errors of metabolism,
mitochondrial disorders, and chromosomal abnormalities (Table 2).

Central nervous system lesions are well recognized as causes of dystonia.
Chuang et al. (17) reviewed 190 cases of hemidystonia, and found the most common
etiologies of hemidystonia to be stroke, trauma, and perinatal injury. In these sub-
jects, the mean age of onset was 20 to 25.7 years, and the average latency from insult
to dystonia was 2.8 to 4.1 years. Basal ganglia lesions were seen in almost 50% of the
patients with the putamen most commonly involved. Cerebral infarction in the pos-
terolateral thalamic nuclei may be associated with contralateral hand dystonia, and
large lenticular or caudatocapsulolenticular lesions may give rise to foot dystonia
(18). Other structural abnormalities associated with dystonia include cavernous angi-
oma of the basal ganglia (19), subdural hematoma (20), left frontal meningioma (21),
calcification of the head of the right caudate nucleus (22), and cervical cord lesion
secondary to multiple sclerosis (23). Movement disorders after severe head injury
have been reported in 13% to 66% of the patients (24). Generalized dystonia in chil-
dren has been associated with head injury and can present as focal dystonia with pro-
gression to generalized dystonia over months to years (25). Basal ganglia and
thalamic lesions are usually seen on brain imaging. Perinatal brain injury can result
in a dystonic form of cerebral palsy (26).

Although peripheral trauma as a cause of dystonia remains controversial, it
has been suggested that pain, prominent in nearly all reported cases of posttraumatic
dystonia, may be a critical pathogenic factor (27). Increased blood flow in the basal
ganglia is associated with painful thermal stimulation or capsaicin injection of the
hand using Positron emission tomography analysis (28,29). Typically, dystonia after
peripheral trauma presents as either focal or segmental dystonia.

Psychogenic dystonia should only be diagnosed by exclusion and after
thorough consideration of all other possibilities. Clinical features suggestive of a psy-
chogenic dystonia include give-way weakness, atypical sensory or pain complaints,
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Table 2 Differential Diagnosis of Dystonia

Idiopathic (primary) dystonia
Sporadic (ITD)
Inherited (hereditary torsion dystonia)

Autosomal dominant ITD (DYT1)
Autosomal dominant torsion dystonia of mixed phenotype (DYT6)
Autosomal dominant late onset focal dystonia (DYT7)
Segmental dystonia (DYT13)

Secondary dystonia
Dystonia-plus syndromes

Myoclonic dystonia (not DYT1 gene)
Dopa-responsive dystonia GTP cyclohydrolase I; 14Q22.1-q22.2gene defect
Autosomal recessive tyrosine hydroxylase deficiency
Rapid-onset dystonia—parkinsonism
Early-onset parkinsonism with dystonia
Paroxysmal dystonia—choreoathetosis

Associated with neurodegenerative disorders
Sporadic

Parkinson’s disease
Progressive supranuclear palsy
Multiple system atrophy
Corticobasal ganglionic degeneration
Multiple sclerosis
Central pontine myelinolysis

Inherited
Wilson’s disease
Huntington’s disease
Juvenile parkinsonism-dystonia
Progressive pallidal degeneration
Hallervorden-Spatz disease
Hypoprebetalipoproteinemia, acanthocytosis,

retinitis pigmentosa, and pallidal degeneration
(HARP syndrome)

Joseph’s disease
Ataxia telangiectasia
Neuroacanthocytosis
Rett’s syndrome (?)
Intraneuronal inclusion disease
Infantile bilateral striatal necrosis
Familial basal ganglia calcifications
Spinocerebellar degeneration
Olivopontocerebellar atrophy
Hereditary spastic paraplegia with dystonia
X-linked dystonia parkinsonism or Lubag (pericentromeric)

deletion of 18q
Associated with metabolic disorders

Amino acid disorders
Glutamic acidemia
Methylmalonic acidemia
Homocystenuria
Hartnup’s disease
Tyrosinosis

(Continued)
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Table 2 Differential Diagnosis of Dystonia (Continued )

Lipid disorders
Metachromatic leukodystrophy
Ceroid lipofuscinosis
Dystonic lipidosis (‘‘sea blue’’ histiocytosis)
Gangliosidoses (GM1-, GM2-variants)
Hexosaminidase A and B deficiency

Miscellaneous metabolic disorders
Wilson’s disease
Mitochondrial encephalopathies (Leigh’s disease, Leber’s disease)
Lesch-Nyhan syndrome
Triosephosphate isomerase deficiency
Vitamin E deficiency
Biopterin deficiency

Due to a known specific cause
Perinatal cerebral injury and kernicterus (athetoid cerebral palsy,

delayed-onset dystonia)
Infection (viral encephalitis, encephalitis lethargica, Reye’s syndrome,

subacute sclerosing panencephalitis, Jakob-Creutzfeld disease, AIDS)
Other (tuberculosis, syphilis, acute infectious torticollis)
Paraneoplastic brainstem encephalitis
Cerebral, vascular, and ischemic injury
Brain tumor
Arteriovenous malformation
Head trauma and brain surgery
Peripheral trauma
Toxins (Mn, CO, CS2, methanol, disulfiram, wasp sting)
Drugs (levodopa, bromocriptine, antipsychotic agents, metoclopramide,

fenfluramine, flecainide, ergot agents, anticonvulsant agents,
certain calcium channel blocking agents)

Other hyperkinetic syndromes associated with dystonia
Tic disorders with dystonic tics
Paroxysmal Dyskinesias

Paroxysmal kinesigenic choreoathetosis
Paroxysmal dystonic choreoathetosis
Intermediate paroxysmal dyskinesia
Benign infantile dyskinesia

Psychogenic
Pseudodystonia

Atlanto-axial subluxation
Syringomyelia
Arnold-Chiari malformation
Trochlear nerve palsy
Vestibular torticollis
Posterior fossa mass
Soft tissue neck mass
Congenital postural torticollis
Congenital Klippel-Feil syndrome
Isaac’s syndrome
Sandiffer’s syndrome
Satoyoshi syndrome
Stiff-person syndrome

Abbreviations: ITD, idiopathic torsion dystonia; GTP, guanosine triposphate.
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fixed postures, lack of modification of the movement disorder by action, and shifting
areas of involvement (e.g., the dystonia moves from a leg to the opposite arm and
then to the trunk).

DIAGNOSTIC APPROACH

The diagnosis of primary dystonia should be considered in any patient presenting
with an abnormal posture. Information concerning age at onset, initial and sub-
sequent areas of involvement, course and progression, tremor or other movement
disorders, possible birth injury, developmental milestones, and exposure to neuro-
leptic medications, as well as a family history of dystonia, parkinsonism, or other
movement disorders should be reviewed. Because phenotypic expression of ITD is
highly varied in this population, extreme care should be taken in recording family
data with particular attention to consanguinity or Jewish ancestry. Clinically, in
primary dystonia, the only neurological abnormality is the presence of dystonic pos-
tures and movements. Thus secondary dystonia must be considered when evidence of
other neurological dysfunction (e.g., cognitive, cranial nerve, pyramidal, sensory, or
cerebellar deficits) is present. Obtaining serum ceruloplasmin levels and slit-lamp
testing should be considered in all patients under the age of 50. Blood sample for
genetic assessment, storage diseases, and metabolic disorders should be evaluated
individually. Presentation with lower limb dystonia and abnormal gait in a child
or young adult should prompt consideration of DRD and a trial of levodopa.
Levodopa, in this setting, is both therapeutic and diagnostic because DRD is typi-
cally dramatically responsive at low doses (50–200 mg/day). Imaging of the brain
(magnetic resonance imaging or computed tomography scan) may be indicated in
children and in adult-onset patients with a short history of limb dystonia or when
other neurological symptoms are present in conjunction with dystonia.

MANAGEMENT

The role of patient education and supportive care in primary dystonia should not be
underestimated. Physical and occupational therapy play an important role in pre-
venting contractures, maintaining independence, and developing coping strategies
for existing limitations. Specialty braces can be used as a substitute for a sensory
trick. Many patients report benefit with various relaxation techniques and biofeed-
back therapy.

Anticholinergic drugs can be effective in generalized dystonia, particularly in
children. Fahn (30) found that 61% of children compared to just 38% of adults
improved with high-dose anticholinergic therapy. Lack of tolerability due to anticho-
linergic side effects often limits the usefulness of these drugs, especially in adults.
Slow titration may improve the likelihood of a patient reaching a therapeutic dose
(approximately 30 mg/day for trihexyphenidyl). Patients with primary, segmental,
and generalized dystonia beginning in childhood or adolescence should receive a trial
of levodopa (with a dopa decarboxylase inhibitor) up to 1000 mg/day. DRD patients
are typically well maintained on levodopa doses of 50 to 200 mg/day and unlike
juvenile-onset Parkinson’s patients, this group does not develop fluctuations (31).
Dopamine-depleting drugs such as tetrabenazine and atypical antipsychotic drugs
such as clozapine have been found useful in some patients with dystonia. These
drugs are particularly useful in patients with tardive dystonia (32–34). In some
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patients with a component of tremor, beta-blocking agents may be useful (35).
Baclofen or tizanidine are commonly used in treating symptoms of dystonia, and
may be most appropriate in patients with a history of hypoxic or traumatic brain
injury. Benzodiazepines, particularly if patients report sleep difficulty, are also useful.
In one series of 190 patients, approximately one-third of patients experienced some
benefit from medical therapy, which included anticholinergics, benzodiazepines, clo-
nazepam, and diazepam (17).

Botulinum toxin injections are highly effective in the treatment of focal
dystonia (36–41). Injection strategy is determined by a combination of functional
observation, muscle palpation, and electrophysiolgic assessment. The sheer number
of muscles involved limits the role of botulinum toxin injections in generalized dys-
tonia. However, selective injection of muscles to reduce a particularly troublesome
focal component can be considered (e.g., foot dystonia or retrocollis). A recent retro-
spective analysis of 235 patients receiving a total of 2616 injections with botulinum
toxin—type A found continued benefit at five years (42). Interestingly, benefit was
sustained in 100% of the lower-limb affected subjects and only 56% of the writer’s
cramp population. In this large series, 16.6% of the patients developed resistance
over the course of 10 years’ follow-up. Adverse effects developed in 27% of the
patients at any one time, occurring in over 4.5% of injection sessions, but were
significantly lower in the limb dystonia groups. Another retrospective study of 62
cervical dystonia patients found that while 82% of those patients had been employed
prior to onset of symptoms, only 47% were still employed at initiation of treatment.
Long-term treatment (ranging from 1.5–10 years) with botulinum toxin resulted in
67% of those on medical leave returning to work (43). Currently, two botulinum ser-
otypes (type A or type B) are available for commercial usage.

Perineural injection with 3% phenol has been used for more than 20 years in
the management of spasticity in children, and may occasionally be considered
in patients with spastic dystonia of a limb (44). This intervention requires consider-
able time, and best results are seen with careful management of patient expectations,
and identification of potential response with injection of lidocaine prior to injection
of phenol (45). Duration of benefit for spasticity ranges from one month to
more than two years, and injection in the upper extremities generally show greater
benefit than lower extremity procedures. Side effects include chronic dysesthesia
and permanent nerve palsy (46). Motor point stimulation is useful for localization,
and, although mixed motor and sensory nerves may be injected, injection of pure
motor nerves (such as the musculocutaneous nerve) is associated with less pain.

Intrathecal baclofen (ITB) may be of benefit in generalized dystonia especially
when associated with cerebral palsy. Abright et al. (47) report benefit from ITB
infusion in a large group of subjects ranging in age from 3 to 42 years. All participants
carried the diagnosis of generalized dystonia refractory to oral medications, 71% also
carried the diagnosis of cerebral palsy. In this series, improvement was reported in 80
of 86 subjects with bolus injections; subsequently 77 participants underwent intra-
thecal catheter implantation. Seventy-two of these subjects demonstrated benefit
for a median follow-up up to 29 months. However, surgical complications such as
cerebrospinal fluid leaks, infections, and catheter problems occurred in 29 subjects.
Interestingly, these authors note a better response with the catheter placed above
T-4, when compared to the benefit seen with placement below T-6. The benefit of
ITB in primary generalized dystonia is not well established.

Stereotactic neurosurgical intervention should be considered in primary dysto-
nia patients who have severe dystonia and have not achieved adequate symptomatic
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control with drugs or botulinum toxin. The results of ablative surgery targeting the
globus pallidus interna (GPi) have been encouraging. One series of five patients with
generalized dystonia undergoing bilateral GPi pallidotomies, reported that the four
patients with idiopathic dystonia showed progressive improvement up to three
months; the fifth patient with posttraumatic dystonia did not benefit beyond this
time (48). Yoshor et al. reported long-term outcomes in 32 dystonia patients (49)
who had either undergone thalamotomy (n¼ 18) or pallidotomy (n¼ 14). Although
the two groups were not homogeneous, the authors concluded that in patients with
primary dystonia, pallidotomy provided significantly better outcomes than thala-
motomy. Vesper et al. report two cases of medically refractory, generalized dystonia
treated by chronic high-frequency stimulation of the bilateral GPi (Fig. 2). Greater
than 80% reduction in the Burke-Fahn-Marsden-Dystonia Movement Rating Scale
(BFMDRS) was seen at six months and continued for 24 months (50). These findings
are consistent with more recent reports on the long-term efficacy of chronic bilateral
GPi stimulation. Primary dystonia patients appeared to gain greater benefit (71.2%
mean improvement on BFMDRS, n¼ 6) than those with secondary dystonia (32.6%,
n¼ 3). Peak benefit was reached between 6 and 12 months after surgery and
appeared stable at up to three years (51). Deep brain stimulation has also shown
to be of benefit in focal adult-onset primary dystonias (52,53).

Figure 2 Same generalized dystonia patient after implantation of bilateral GPi deep brain
stimulators. Source: Photo courtesy Mark Stacy.
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HISTORICAL NOTE NOMENCLATURE

The earliest recognition of cranial dystonia, including blepharospasm and oromandib-
ular dystonias (OMD), is probably found in paintings of the Flemish artist Brueghel
from the 16th century, who painted subjects with apparent blepharospasm and involun-
tary jaw opening (JO) (1). Whether or not the subjects of these portraits actually had
any medical or neurological problems is not known. The conditions were first medically
described by Talkow in Germany and Wood in the United States in 1871. In 1899,
Gowers described various conditions associated with tonic and clonic contractions
of the neck and jaw. Henry Meige published his landmark paper on blepharospasm
and OMD in 1910, and the eponym ‘‘Meige’s syndrome’’ is often used to designate
idiopathic cranial–cervical dystonia. Various authors have ascribed eponyms of Wood,
Brueghel, and Blake (an artist who also painted dystonic postures) to describe this
syndrome. Marsden et al. designated blepharospasm-OMD syndrome to be a variant
of adult-onset torsion dystonia (2) Although often discussed together because of
many similarities, they are probably distinct neurological entities. The terms blepha-
rospasm, OMD, and cranial dystonia (combined upper and lower facial dystonia) are
used throughout the chapter.

EPIDEMIOLOGY

The prevalence of blepharospasm is estimated to be five per 100,000 (3,4) The preva-
lence of OMD was estimated to be 68.9 per million persons in the United States (5).
These figures are viewed as a gross underestimation because of inadequate ascertain-
ment. In the two largest series of movement disorder clinic patients in the United
States, cranial dystonia (blepharospasm and OMD) was reported in approximately
25% of 8000 patients with dystonia; women outnumbered men at a ratio of about
2:1 and in two-thirds of the patients, if the movement disorder began after 50 years
of age (3,5). Pooled data from eight European countries estimated prevalence rates
for blepharospasm of 36 per million (6). In Italy, Defazio et al. found a prevalence
of 133 per million (7). Among the patients studied, blepharospasm and apraxia of
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eyelid opening was found to coexist in one-third of the cases. In this review, the crude
prevalence range was estimated to be from 16 to 133 per million. An early age of
onset and female gender were risk factors for spread of blepharospasm to other
facial musculature. Because the diagnosis is clinically based, there exists an unclear
delineation between ‘‘blepharospasm’’ and increased blinking. If cases with increased,
but not problematic, eye blinking were included in these surveys, the prevalence
would greatly increase.

CLINICAL MANIFESTATIONS

By definition, blepharospasm is a focal dystonia manifest as involuntary eyelid clo-
sure. Before the development of sustained closure of the eyelids, about a third of the
patients report increased frequency of blinking. The increased blinking that precedes
blepharospasm is commonly associated with a feeling of irritation in the eyes.
Patients classically describe a gritty or sandy feeling under their lids. This often leads
to an initial diagnosis of ‘‘dry eyes.’’ Initially clonic and later tonic (sustained) con-
tractions of the orbicularis oculi are the hallmark of the condition; other muscles,
including the corrugator supercilii and procerus, are often involved. A small min-
ority of patients has unilateral involvement at the onset but the opposite eye becomes
involved later in essentially all patients. The intensity gradually worsens and the
eventual severity varies from only a slightly annoying condition to a disabling dis-
order, which interferes with daily activities such as reading, watching television,
and driving. Symptoms are typically aggravated by light, especially automobile
headlights while driving, and stress in general. The spasms may be transiently allevia-
ted by tactile or proprioceptive ‘‘sensory tricks’’ such as touching the lateral canthus,
pulling on an upper eyelid or an eyebrow, pinching the neck, relaxation, reading,
concentration, or looking down (‘‘geste antagonistique’’) (8–10). Interestingly, talk-
ing, humming, yawning, and especially singing often reduce the eye closing.

Minor involvement of other facial muscles can be seen, but if these are pri-
marily involved as opposed to compensating for the eye closing, then the diagnosis
is changed to cranial dystonia. In addition, patients with blepharospasm may have
dystonia in the limbs, trunk, and vocal cords (spasmodic dysphonia). One study
identified several risk factors for spread of blepharospasm: previous head or face
trauma with loss of consciousness, younger age at onset of blepharospasm, and
female gender (11,12).

Psychiatric symptoms such as anxiety, depression, psychosis, may be present
before or at the onset of blepharospasm, and were identified in 18% of 264
patients (3). The prevalence of obsessive compulsive symptoms often attributed to
basal ganglia dysfunction in patients with blepharospasm was significantly higher
than in those with hemifacial spasm (HFS), despite the clinical similarities (13). This
coexistence with mild psychiatric symptoms may explain the tendency to label
blepharospasm as a psychogenic problem. However, truly psychogenic forms of
blepharospasm are uncommon, and there is usually little or no evidence of any
meaningful psychopathology in patients with blepharospasm (14). In the author’s
experience, prominent functional blindness, which is reported in idiopathic blepharo-
spasm (14), is suggestive of either a psychogenic etiology or apraxia of eyelid opening
(see below).

In one survey, the diagnosis of blepharospasm was delayed by 4 to 10 years
in more than half of the patients (5). Although the latency between the onset of
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symptoms and the diagnosis is shortening largely as a result of education of physi-
cians and the public, there are still unacceptably long delays in correct diagnosis.

OMD is considered either a focal or a segmental dystonia resulting in sustained
and patterned muscle contractions affecting the lower face, jaw, tongue, pharynx, and
mouth. It usually manifests as jaw closing (JC), JO, jaw deviation (JD), jaw retrac-
tion (JR), or a combination of these. JC dystonia is the most common (15,16). Other
repetitive or sustained movements may be present including facial grimacing, lip
pursing, lip sucking, smacking, chewing, tongue protrusion, retraction of the corners
of the mouth, contraction of platysma or the nasalis, etc. These may cause chewing
difficulties, dysarthria, dysphagia, dysphonia, breathing difficulties, and involuntary
vocalizations such as humming and grunting (1,17,18). Sensory tics may relieve
symptoms whereas common exacerbating factors include emotional stress, talking,
eating, and fatigue (19). OMD may persist during sleep or may be associated with
specific tasks such as biting into hard food. Classically, it worsens with volitional
activity and may in fact be task-specific to eating, chewing, or talking. It may cause
severe functional disability.

In the JC-OMD subtype, spasms of the masseter and temporalis may result is
trismus and bruxism (20). In a study by Wooten-Watts et al., 78.5% of OMD
patients were found to have bruxism (21). Approximately, one-fourth of patients
with bruxism had associated dental problems including temporomandibular joint
dysfunction (21%) and tooth wear (5%) (21). OMD is more frequently associated
with other dystonias compared to blepharospasm. In a study of 100 patients with
OMD, however, blepharospasm was the most frequent associated feature
(1,17,18). In another study by Tan and Jankovic, associated symptoms were cervical
dystonia (57.4%), blepharospasm (50%), limb dystonia (21%), tremor (16%), and
spasmodic dysphonia (9.9%) (16).

ETIOLOGY

Essential blepharospasm refers to a condition with no obvious secondary cause (11).
It can also occur in association with other CNS diseases such as parkinsonian
conditions, Huntington’s disease, and Wilson’s disease. Blepharospasm has been
reported in association with autoimmune diseases including myasthenia gravis, rheu-
matoid arthritis, and systemic lupus erythematosus (22).

The coexistence of blepharospasm with dystonia in other body segments
and the occurrence of a family history of dystonia both support the hypothesis that
blepharospasm and other forms of dystonia may be genetically related. A family his-
tory of dystonia was present in 9.5% of the blepharospasm patients in one series and
in 14% in another (3,23). Waddy et al. found that 25% of their patients with focal
dystonias including OMD had first degree relatives with dystonia (24). Jankovic
and Nutt in 1988 reported that 36.5% of the 238 patients with craniocervical dysto-
nias had at least one first- or second-degree relative with a movement disorder (23).

No specific gene for blepharospasm has been identified. Misbahuddin reported
that a polymorphism for the dopamine type-5 receptor was a risk factor (25). An
over expression of allele-2 with micro satellite repeat in the D5 dopamine receptor
gene on chromosome-4 was found in patients with blepharospasm. They suggested
that this haplotype confers susceptibility to developing blepharospasm. Genetic
linkage to chromosome 18p (designated DYT7) has been described in a German
family with adult-onset craniocervical dystonia; however, the majority of cases are
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sporadic without linkage to this region (26). Cranial dystonia is also seen as part of
DYT-13. Although the most common form of genetic dystonia, DYT1 dystonia, is
almost never associated with blepharospasm, many patients with familial forms of
blepharospasm have been reported (23). Studies of the DYT1 mutation in 150
patients with dystonia found that four of 22 subjects positive for the GAG deletion
had limb onset that spread to craniocervical muscles.

Most OMD patients belong to the idiopathic category. In the series studies by
Tan and Jankovic, causes of OMD were classified as idiopathic (63%), drug-induced
(22.8%), peripherally induced (9.3%), postanoxic (2.5%), neurodegenerative disorder
(1.8%), and head injury (0.8%) (16). One-third of all patients with cranial–cervical
dystonia in a series had an action tremor and one-third had a first-degree relative
with tremor or dystonia (23,27) A variety of secondary cranial dystonias and other
conditions that cause facial movements are listed in Table 1. The most common are
drug induced, CNS lesions, and peripheral trauma.

Tardive dyskinesia (TD) is probably the most common cause of secondary
cranial dystonia, including blepharospasm (28,29). TD can be more stereotypic
or dystonic. Burke et al. reported that most patients with tardive dystonia also
had dystonic spasms involving the orofacial muscles (30). Blepharospasm may be
the initial presentation (31). Tardive dystonia may also cause dramatic opistho-
tonic posturing. Dopamine receptor blocking drugs such as haloperidol and
thioridazine are most associated with TD, but any medication that blocks
dopamine receptors such metoclopramide (Reglan1) can equally cause TD.
Blepharospasm from TD cannot be distinguished from idiopathic blepharospasm,
but the oral lingual movements are usually more repetitive, loose, stereotypes that
improve with volitional movements, rather than worsen (32). In addition, anticho-
linergics, antihistamines, long-term amphetamine, and ectasy have been reported to
cause OMD that is different from TD (18,33,34). Orofacial spasms and blepharo-
spasm are also seen with treatment with levodopa, particularly in patients with
multiple systems atrophy (35).

Various CNS lesions in the basal ganglia, brainstem, and thalamus, e.g.,
ischemia, demyelination, surgically induced lesion, hydrocephalus, have been associa-
ted with blepharospasm and other forms of cranial dystonia (36–40). These reports
support the hypothesis that other subcortical and brain stem structures besides the
basal ganglia play an important role in the pathophysiology of cranial dystonia.

Peripheral trauma has been implicated as a cause of dystonia and peripheral
trauma may trigger dystonia in carriers of the DYT-1 gene (41,42). Sutcher et al.
described four patients with OMD that was presumably caused by ill-fitting dentures
(43). The movements often improve when the dentures are not worn. Cases caused
by tooth extraction and oral surgery have been reported (20). The severity and pro-
gression of symptoms were found to be more prominent in patients with peripherally
induced OMD; however, they had less spread to contiguous or noncontiguous seg-
ments in comparison to patients with idiopathic OMD (20). In another series, 12% of
the patients with blepharospasm reported the occurrence of ocular trauma prior
to the onset of their movement disorder (3).

PHYSIOLOGY AND PATHOLOGY

The exact neurophysiology precipitating blepharospasm and OMD is not known;
however, a number of studies have illuminated some aspects. In some studies,
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Table 1 Conditions Associated with Involuntary Facial Movement

Tics
Physiologic/reflexive
Hemifacial spasm—bilateral in up to 10% of the cases
Facial nerve synkinesis
Myokymia
Myoclonus

Reticular—branchial or ocular
Cortical—CJD, JME

Seizures
Metabolic

Aceruloplasminemia, Wilson’s disease, Hallervorden-Spatz
syndrome, tetanus

Drugs
Tardive
Acute dystonic reaction
Dopaminergic agents in parkinsonian conditions
Lithium, physostigmine, alcohol

Extrinsic ocular irritants
Tear gas, pollution, environmental toxins, photophobia, foreign

body, etc.
Intrinsic ocular irritants

Blepharitis, iritis, uveitis, dry eyes, corneal erosion, glaucoma
Eyelid Weakness, etc.

Peripheral nerve injury, oculomotor nerve palsy, myasthenia gravis,
Eaton-Lambert syndrome, diphtheria, botulism, Guillain-Barré

syndrome posttraumatic with loss of conscious
Dentures, dental appliances, dental extractions, etc.
Central nervous system lesions involving rostral brain stem

Vascular
Demyelinating disorders (multiple sclerosis)
Brain tumor
Infectious diseases
Malformations

Hydrocephalus
Choreiform disorders

Huntington’s disease
Neuroacanthocytosis
Sydenham’s chorea
Essential chorea

Miscellaneous neurodegenerative disorders
Myotonic dystrophy
Spinal cerebellar atrophy II
Postencephalitic parkinsonism
Progressive supranuclear palsy
Multiple systems atrophy
Schwartz–Jampel syndrome

Eyelid apraxia
Psychogenic

Stress, posttraumatic, conversion disorder, malingering
Sleep, etc.

Abbreviations: CJD, Creutzfeldt-Jakob disease; JME, juvenile myoclonic epilepsy.
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blepharospasms are evaluated separately while in others, they are lumped together
with cranial dystonia.

The blink reflex may be elicited by electrical stimulation of the supraorbital
nerve and consists of an early, first response (R1) and a late, second response (R2).
Neurophysiologic studies have demonstrated increased amplitude and duration of
the R1 and R2 blink response in patients with blepharospasm. In one study of 17
patients with dystonic blepharospasm and 11 age-matched controls, Gomez-Wong
et al. (8,9) found that blepharospasm patients had normal prepulse inhibition occur-
ring at 60 to 100 msec intervals but the prepulse inhibition for the R2 response was
abnormally reduced in 11 (64.7%) patients, including nine who did not use sensory
tricks (10). Electrophysiological studies have shown shortened silent periods of the
facial muscles (3,44). Lew et al. showed that 87% of the patients with cranial–cervical
dystonia display increased latency and reduced amplitude of the acoustic reflex (45).
These studies indicate that some cases of blepharospasm result from hyperexcitabil-
ity of cortical neurons and brainstem interneurons, or a lack of inhibition of neurons
that supply the facial muscles, possibly as a result of dysfunction of descending basal
ganglia pathways.

Positron emission tomographic (PET) measurements of regional cerebral flow
or metabolism, either at rest or during activation, have provided key insights into the
pathophysiology of dystonia. Measuring metabolism by using F-18 fluorodeoxyglu-
cose PET in patients with idiopathic blepharospasm, Esmaeli-Gutstein et al. showed
significantly increased activity in the striatum and thalamus and Hutchinson et al.
found increased metabolic activity in the pons and cerebellum (46,47). In another
study using PET before and after vibration applied to the lower face, Feiwell et al.
showed that the normal activation of the primary sensorimotor area significantly
decreased following vibration in patients with blepharospasm (48). Interestingly,
abnormal cortical sensory responses to vibration in dopa-responsive dystonia may
normalize after levodopa administration, suggesting that sensory motor processing
at the cortical level is influenced by dopaminergic pathways, most likely through
basal ganglia cortical circuits (49). Lack of cortical inhibition rather than abnormal
excitation is thought to best explain the excessive movement in patients with
dystonia (50,51). PET measurement of the in vivo binding of the dopaminergic radio-
ligand [18F]spiperone in the putamen of 21 patients with cranial and hand dystonia
revealed a significant 29% mean decrease in a binding index in dystonic subjects com-
pared to normal controls. These findings are consistent with decreased dopamine
D2-like binding in the putamen (49).

Few patients with cranial dystonia, including blepharospasm, have been stud-
ied at autopsy (37,52,53). Normal findings or nonspecific abnormalities are present
in nearly all brains from patients with idiopathic blepharospasm. Jankovic et al.
reported a 68-year old patient with metastatic adenocarcinoma and a seven year his-
tory of progressive blepharospasm, spasmodic dysphonia, and cervical dystonia,
whose brain was collected within 30 minutes of her death and examined histologi-
cally as well as biochemically. There were no abnormalities noted on histological
examination, but the norepinephrine levels were markedly increased in the brainstem
(199.6% in red nucleus and 415.2% in substantia nigra). Two patients with atypical
cranial dystonia were found to have a mosaic neuronal cell loss and gliosis in the
striatum (54). Neuronal cell loss in the substantia nigra and other brainstem nuclei
was reported in three patients, two of whom had associated Lewy bodies (55).

Animal studies have found that serotonin [5-hydroxytryptamine (5-HT)] facil-
itates the excitability of facial motor neurons through 5-HT2 receptors, which are
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densely concentrated in the facial nucleus. Serotonin agonists produce blepharospasm
and serotonin antagonists reduce blink frequency (56). Furthermore, the normal
prepulse inhibition of the trigeminal reflex is abnormal in some patients with blepharo-
spasm. It is postulated that in these patients, the normal sensory gating on trigeminal
afferents are disturbed, the normal contact-induced reduction in the gain of trigem-
inal–facial reflexes is lost (9,10). Schicatano et al. proposed a two-factor model based
on the observation that dopamine depletion reduces the tonic inhibition of trigem-
inal blink circuit, thus creating ‘‘a permissive environment within the trigeminal
blink circuits,’’ which along with an external ophthalmic insult (second factor), pre-
cipitates blepharospasm (57). They suggest that this model may also be applicable to
the genesis of other dystonias.

DIFFERENTIAL DIAGNOSIS

‘‘Eyelid opening apraxia’’ or ‘‘eyelid freezing’’ is related to the lack of contractions
or inhibition of the levator palpebrae muscles. This condition may occur in isolation or
may be associated with patients with other parkinsonian syndromes, Huntington’s
disease, hemispheric cerebral vascular disease, and neuroacanthocytosis. Compensa-
tory contractions of the frontalis muscles are a frequent phenomenon (58,59). Based
on clinical and electrophysiological observations in six patients, Elston argued that
this sign was caused by isolated contraction of the pretarsal orbicularis oculi (60).
Krack et al. generally corroborated this finding and posited that ‘‘apraxia of eyelid
opening’’ is not a true apraxia but rather a dystonia (59). They advocated treatment
with botulinum toxin (BoTN) injections around the pretarsal area of the orbicularis
oculi, further supporting a dystonic physiology. Electromyographic (EMG) record-
ing from the levator palpebrae and orbicularis oculi muscles, however, may help
differentiate this persistent pretarsal orbicularis oculi contraction from the levator
inhibition seen in some cases (61,62). Apraxia associated with parkinsonian syn-
dromes may respond to levodopa (63).

Blinking is probably the most common motor tic, present in 70% of patients
with Tourette’s syndrome. They may strongly mimic blepharospasm and even pos-
sess similar sensory symptoms. Often eye-closing tics are associated with other eye
movements, especially oculomotor deviation or at least other facial tics. Tics are
usually partially suppressible and typically begin in childhood.

Involuntary eye closure may also be caused by ophthalmologic disorders
affecting contractions of the orbicularis oculi, possibly mediated by the trigeminal–
palpebral reflex (e.g., blepharitis, conjunctivitis, keratitis, iritis, uveitis) or the
opticopalpebral reflex (e.g., albinism, achromatopsia, maculopathies) (1). It can
be difficult, however, to differentiate dry eyes from the sensory component of
blepharospasm.

Reflex blepharospasm is also seen in premature infants, patients with parkinso-
nian syndromes, lesions in the nondominant temporoparietal lobe (Fisher’s sign),
and in response to loud noise (cochleopalpebral reflex), sudden free fall (vestibulo-
palpebral reflex), and gag (palatopalpebral reflex).

HFS, a form of segmental myoclonus, is characterized by involuntary, parox-
ysmal, tonic or clonic contractions of the muscles on one side of the face (64). In
contrast to blepharospasm, the symptoms are unilateral; however, bilateral facial
spasms have been reported (65). In one study, magnetic resonance tomographic
angiography showed that 64.9% of patients with HFS had ipsilateral vascular
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compression (66). The presumed pathophysiologic mechanism of HFS involves
the generation of ortho- and antidromic impulses by a damaged area of the facial nerve.
Typically HFS begins with twitches in the eyelids that eventually progress to involve the
lower face. The contractions are often triggered by action (smiling, talking, eating, and
blinking). Patients with HFS often exhibit paradoxical raising of the eyebrow as the eye
closes (the ‘‘other’’ Babinski sign) (67). In rare cases, HFS may be associated with tri-
geminal neuralgia (tic convulsive) or glossopharyngeal neuralgia (68,69).

The phenomenology of aberrant facial regeneration or facial synkinesis is simi-
lar to HFS, but the onset usually follows facial palsy. Studies in macaque monkeys
show that following facial nerve injury, the orbicularis oculi motoneurons innervate
the perioral muscles causing cocontraction (synkinesia) of eyelid and perioral
muscles (70). Blepharospasm has been also reported after Bell’s palsy (71,72). Hemi-
masticatory spasm is a rare disorder whose underlying mechanism is similar to HFS
but the trigeminal rather than the facial nerve is involved (73). Facial myokymia, a
rapid undulation, and flickering of the facial muscles from the frontalis to the plat-
ysma is thought to be due to an intramedullary lesion close to the facial motor
nucleus. Multiple sclerosis is probably the most common cause, but intra-axial
tumors, Guillain-Barré syndrome, spinal–cerebellar ataxia type-2, and facial
nerve injuries have also been described as associated with this movement disorder.
Blepharoclonus refers to rhythmic contractions of the orbicularis oculi closely resem-
bling tremor, which is present during gentle closure of the eyelids. Although no
apparent cause can be identified in many cases, blepharoclonus is occasionally
associated with multiple sclerosis, obstructive hydrocephalus, and Arnold–Chiari
malformation (74,75). In addition to gastrointestinal symptoms, patients with Whipple’s
disease typically exhibit supranuclear ophthalmoparesis and rhythmic contractions
of the eyelids, face, and mouth in synchrony with convergent eye oscillations. This
oculomasticatory myorhythmia is usually associated with contractions of neck,
pharyngeal, and proximal and distal musculature.

OMD is frequently misdiagnosed as TMJ dysfunction and bruxism. Delay in
appropriate treatment may lead to TMJ dislocation as well as other TMJ-related
problems (76,77). The issue of whether bruxism is a separate entity from OMD is con-
troversial. The American Academy of Orofacial Pain defines bruxism as a diurnal or
nocturnal parafunctional activity including clenching, grinding, bracing, and gnashing
of teeth (78). This definition may be too general and encompassing. Prevalence esti-
mates of bruxism in adult population vary from 5% to 96% (79,80). However, while
some patients with OMD clench and grind their teeth, these patients appear differently
from people with nocturnal bruxism, frequently seen in the general population (21,81).
Wooten-Watts et al. demonstrated that the majority of OMD patients had diurnal
bruxism, with symptoms disappearing during sleep (21). Only 13% of these patients
had nocturnal bruxism. Severe diurnal bruxism is frequently associated with organic
brain disease such as Huntington’s disease and Rett Syndrome (69,82).

Tetanus is caused by tetanus toxin, a product of Clostridium tetani, and it is char-
acterized by hyperactivity of motor neurons, which causes forceful closure of the eyelids
or trismus (jaw spasm). Although rare in the United States, it still remains a major pub-
lic health problem in underdeveloped areas. Involvement of other body parts gives clues
to the diagnosis. Similarly, tonic spasms of facial muscles in multiple sclerosis are asso-
ciated with limb dystonia and other neurological signs (83,84). Focal motor seizures
involving the facial muscles sometimes presenting as increased blinking are abrupt in
onset and may become secondarily generalized (85). Malignant hyperthermia can also
present with jaw spasm, but is quickly followed by temperature elevation.
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PROGNOSIS AND COMPLICATIONS

Once present, blepharospasm is generally persistent. In most studies, fewer than 3%
of the patients experienced prolonged spontaneous remission, but the remission rates
have been reported to be as high as 10%, usually within the first five years (3,5,86,87).
Typically, symptoms progressively worsen during the first months to years after
onset followed by stabilization. In a minority with blepharospasm, the dystonia will
later spread to involve other facial, oromandibular, pharyngeal, laryngeal, and cer-
vical muscles (cranial–cervical dystonia). It would be very rare for this to spread past
that segment of the body. Complications of chronic, untreated blepharospasm
includes dermatochalasis (abnormal looseness of the eyelid skin due to constant pull-
ing on the eyelids) and xerophthalmia ‘‘dry eyes.’’ The dermatochalasis often
requires blepharoplasty as the excess skin can drape over the eye and impair vision.

MANAGEMENT

Therapy for blepharospasm and cranial dystonia, in general, can be divided into oral
agents, BoTN injections, surgical procedures, and complimentary therapy such as
sunglasses. One problem regarding blepharospasm treatment research is the absence
of any validated scale. Many studies have used the Fahn Blepharospasm Rating
Scale and the Blepharospasm Disability scale, but these have never been well vali-
dated (30,88,89). Many studies have employed their own rating scales and global
impressions.

As with the other forms of dystonia, many oral medications have been used to
treat blepharospasm and OMD. Poor pathophysiological understanding of cranial
dystonia hampers rational drug development, but a variety of muscle relaxants
and other medications have been reported to help blepharospasm in open label trials.
Fewer reports discuss oral mandibular dystonia. Generally of modest efficacy, these
agents have dose limitations due to side effects. Interestingly, many drugs that work
reciprocally have been reported to benefit individual patients. Some examples are
anticholinergics [e.g., trihexyphenidyl (Artane1), benztropine (Cogentin1), orphen-
adrine (Norflex1), ethopropazine (Parsidol1)], and cholinergic drugs (e.g., choline,
deanol); dopaminergic agents (e.g., levodopa and dopamine agonists) and antidopa-
minergic drugs (e.g., haloperidol, tetrabenazine). Other categories that have been
used include gamma aminobutyric acid (GABA)-ergic drugs (e.g., baclofen, tizana-
dine), benzodiazepines (e.g., lorazepam, clonazepam, diazepam), anticonvulsants
(e.g., carbamazepine, lamotrigine), cyproheptadine, cannabidiol, mexiletine, and
lithium (90–95). Large open label series tend to favor anticholinergics, benzodiaze-
pines, and tetrabenazine.

There are only a few small controlled trials for blepharospasm and none for oral–
mandibular dystonia. Orphenadrine, apomorphine, tetrabenazine have shown benefit
whereas trihexyphenidyl, deanol, bromocriptine were not superior to placebo (96).

The effectiveness of BoTN A in blepharospasm was first demonstrated in a
double-blind, placebo-controlled trial in 1987 (92). In a subsequent trial of 477
patients with various dystonias and HFS, Jankovic et al. (97) reviewed the results
in 90 patients injected with Botox1 for blepharospasm. Moderate or marked improve-
ment was noted in 94% of the patients. Pretarsal injections, particularly into
the Riolan’s part of the pretarsal orbicularis oculi seemed to provide the most
benefit (98–100). The average latency from the time of the injection to the onset of
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improvement was two to five days and the average duration of maximum benefit was
three to four months. In addition to the observed functional improvement, there
was usually a meaningful amelioration of discomfort and social stress. The most
common adverse events were ptosis, blurring of vision or diplopia, tearing, and local
hematoma, all of which lessen with subsequent injections (101). This may, in part, be
explained by greater experience and improvements in injection techniques.

All of the BoTN (type A: Botox and Dysport1, type B: Myobloc1 and Neuro-
bloc1, and type F) improve blepharospasm in controlled trials. BoTN F has a
shorter duration of benefit (102,103). In a double-blind comparative study of 212
patients with essential blepharospasm who received one injection of Botox and
one injection of Dysport in two separate treatment sessions, using an empirical ratio
Botox: Dysport of 1:4 (IU), the average dose of Botox per treatment was 45.4
IU� 13.3 and of Dysport 182.1 IU� 55.1. There was no difference in the duration
of the effect, but side effects, particularly ptosis, were more frequent with Dysport as
compared to Botox (24.1% vs. 17.0%), (p< 0.05).

BoTN treatment is now considered as the treatment of choice for blepha-
rospasm (American Academy of Ophthalmology 1989; American Academy of
Neurology 1990) (104). Apraxia of eyelid opening is more difficult to treat than
blepharospasm, but some patients with apraxia of eyelid opening improve with
BoTN injections into the pretarsal orbicularis oculi, particularly if it is triggered
by blepharospasm (105).

Patients who fail to obtain satisfactory control of their blepharospasm with
BoTN may be candidates for surgical treatment. Facial nerve ablation and orbicularis
oculi myectomy are used much less than in the past because of postoperative complica-
tions such as ectropion, exposure keratitis, facial droop, and postoperative swelling and
scarring (106,107). Myectomy usually results in some ptosis but is often effective.
Patients with severe apraxia of eyelid opening may benefit from frontalis suspension
combined with blepharoplasty (108). Chemomyectomy with muscle necrotizing drugs
such as doxorubicin, has been tried in some patients with blepharospasm. Severe local
irritation currently limits the usefulness of this therapy. However, a modification of the
procedure using a combination of bupivacaine/hyaluronidase and Doxil (Sequus,
Menlo Park, CA), a liposome-encapsulated form of doxorubicin, may be more effec-
tive and safer (109). Blockade of the superior sympathetic ganglion with local
anesthetic has been reported to improve light-induced eyelid spasm and, as such,
may be possibly useful as a therapeutic modality in patients with blepharospasm
(110). One report suggested that the administration of a combination of linoleic acid
and alphalinoleic acid, which presumably modifies the composition and function of
neuronal membranes, has improved blepharospasm in a catecholamine-depleted rat
model (111). This combination has yet not been tested in patients with blepharospasm.

Several nonpharmacological or surgical treatments should be noted. Eyelid
crutches on glasses have been reported to be helpful in some patients with blepharo-
spasm, usually after BoTN injections (112). Sunglasses, have been demonstrated to
help some cases. Biofeedback and other muscle relaxation techniques and stress
management may be helpful, particularly for those patients in whom stress exacer-
bates the symptoms (113).

BoTN is also considered the treatment of choice for OMD. Many investigators
have reported the effectiveness of BoTN A in relieving symptoms of OMD
(17,87,92,97,114–122). In 1987, a double-blind, placebo-controlled trial found that
37.5% of a small series of OMD cervical dystonia patients improved after BoTN
A treatment (92). In an open label design study, Blitzer et al. demonstrated that
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BoTN A yielded a 50% improvement in 20 patients with OMD (116). Most of these
patients had previously failed a variety of pharmacological treatments.

SELECTION OF MUSCLES FOR OROMANDIBULAR DYSTONIAS

Ideally, one should be able to determine which muscles are primarily involved in the
abnormal movements, inject these muscles with the appropriate dose of BoTN, and
thus affect only those actions involved in the production of the abnormal movement
or posture. The masseters and temporalis represent targets for JC-OMD, and the
submentalis complex, comprising of the digastrics, geniohyoid and mylohyoid mus-
cles, or the lateral pterygoid muscles for JO-OMD. Palpation may be helpful in this
approach, but EMG may be required to inject nonpalpable muscles. In some forms
of focal dystonia, the pattern of muscle involvement may change over time (123).
Studies directly comparing various modes and dosage of BoTN administration
remain to be done. The doses of BoTN used depend on the clinical severity. In most
patients, the dose has to be titrated according to the clinical response and any toxin-
related complications after an initial modest dose.

Botox was used in the two largest studies of OMD (15,16). In the Baylor prospective
study, 162 patients satisfied the study inclusion criteria. The masseters and submentalis
complex were the only two muscle groups injected with BoTN in this group of patients.
More than half the patients had JC dystonia. The mean doses of BoTN (per side) were
54.2� 15.2 U for the masseters and 28.6� 16.7 U for the submentalis complex. The mean
total duration of response was 16.4� 7.1 weeks. The mean global effect of BoTN was
3.1� 1.0 (range, 0–4, where 4 equals the complete abolition of dystonia), with the JC dys-
tonia patients responding best. Fifty-one patients (31.5%) reported adverse effects with
BoTN in at least one visit. Complications such as dysphagia and dysarthria were reported
in 135 (11.1%) of all treatment visits. There was a poorer response and higher compli-
cation rate with JOD than with the other types of OMD.

The New York group studied 96 patients, 72.9% women, with a mean age of
symptoms onset of 43.9 years � 2.0 years (15). The median doses of BoTN given
for the jaw muscles were masseter, 24.5; temporalis, 18.5; medial pterygoid, 16.3;
lateral pterygoid, 15.9 and anterior digastric, 9.8 units. The percentage improvement
after BoTN was: JC (45%), JO (44%), and JD (37%). Dysphagia was the most com-
mon compliant seen in 40% of the patients with JO–OMD; however, in patients with
JC-OMD, some complaints included weakened chewing, soreness and pain at injec-
tion suite, facial swelling, and headache.

Certain sensory tricks may transiently improve the symptoms of OMD. For
instance, touching the lips may relieve jaw spasm, touching the chin may aid in
JC. Dental assessment may help patients with associated TMJ dysfunction. Speech
therapy may facilitate speech and help to relieve swallowing difficulties. Various
forms of relaxation and biofeedback therapies are useful in patients whose symptoms
are aggravated by stress or anxiety. Acupuncture is another alternative form of treat-
ment; however, relief of symptoms such as pain, if any, is usually transient.

Overall, OMD is more difficult to treat and unlike blepharospasm, BoTN
usually does not result in a complete remission of symptoms. JO and JR are partic-
ularly difficult to treat. Nevertheless, BoTN remains the most effective therapy for
OMD. Peripheral ablative surgeries do not exist and even CNS neurosurgeries such
as pallidotomy and pallidal stimulation used in generalized dystonia, seldom
improve this anatomic area (124,125).
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DEFINITION

Cervical dystonia (CD) is a simultaneous and sustained contraction of both agonist
and antagonist muscles of the neck. Based on head posture and positioning, CD can
be described as torticollis (neck rotation), anterocollis (head-forward flexion or pulled
forward), retrocollis (head-posterior extension or pulled backward) or laterocollis
(head tilt or lateral flexion). Combinations of the above postures are also common
(Figs. 1 and 2 )

BACKGROUND

In the 16th century, Rabelais applied the term ‘‘torty colly’’ to elucidate the term
wry-neck (1). More than 200 years later, in 1911, Oppenheim, impressed with the
abnormalities in tone seen with these patients, coined the definition of dystonia. In
this way, he contributed the nomenclature of dystonia musculorum deformans,
the precursor appellation of generalized dystonia.

EPIDEMIOLOGY

CD is the most common form of focal dystonia. Few epidemiological studies exist
that estimate the incidence and prevalence of CD. Separate studies of different geo-
graphical locations and times show the prevalence between 9 and 30 per 100,000 in
the United States (2–4). Currently, the prevalence of CD in the United States is esti-
mated to be greater than 90,000. Other studies show that its prevalence differs
among ethnic groups (5–7). Claypool et al., in 1995, reported an incidence of 1.2
per 100,000 (3) while an incidence of 5.4 per 100,000 was published in a practice-
based survey of dystonia in Munich (7).
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Women are affected 1.3- to 2-fold more often than men. CD can occur at any
time of life but most individuals experience their first symptoms in middle age. Chan
et al. reviewed the clinical details of CD in 266 patients (8). In their study, the median
age of onset was 41 years old with a female to male ratio of 1.9 to 1. They found a
familial history of dystonia in 12% of the cases. Remission was achieved in 9.8% of
the patients (8).

PATHOPHYSIOLOGY

The pathophysiology of idiopathic CD is not well understood. Recent studies have
explained the pathogenesis of CD at the peripheral and central nervous system level.
Although any muscle in the neck may be involved, Table 1 lists the common muscles
associated with abnormal head posture (9,10). Currently, the main focus is on
decreased inhibition, sensory deficit, and sensorimotor mismatch, aberrant neuro-
plasticity, and basal ganglia discharge. CD, like other focal dystonias, is a syndrome
of abnormality in central motor processing.

Figure 2 A patient with a combination of left rotation, right tilt, and right shoulder elevation.

Figure 1 A patient with Torticollis, full range rotation to the left 90�.
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HYPOTHESES UNDERLYING POTENTIAL CAUSES OF
CERVICAL DYSTONIA

Loss of Inhibition in Dystonia

There is some evidence showing that dystonia is generated by decreased central
inhibition (11). Currently, the concept of surround inhibition has been accepted in
sensory physiology, similar to what has been elaborated in the visual system (12).
This hypothesis suggests that with a directed movement, a certain area of the motor
cortex activates for the desired movement and unwanted movements are inhibited by
a similar concept of surround inhibition (11). Several electrophysiologic studies have
shown that reciprocal inhibition is reduced in different types of dystonia including
torticollis (13–16). Ikoma et al., by applying Transcranial Magnetic Stimulation
(TMS) to the motor cortex contralateral to the side of electromyographic (EMG)
recording, showed that cortical motor excitability was increased in dystonia and that
this was most likely secondary to a decrease of inhibition (17). By using a c-amino-
butyric acid (GABA) antagonist in primates, Matsumura developed an animal
model with cocontraction of antagonist muscles as is seen in dystonia (18). Further
evidence supporting this hypothesis comes from the observation of Levy and Hallet in
2002, who found impaired brain GABA level in focal dystonia via applying magnetic
resonance spectroscopy (19). Several electrophysiologic and imaging studies have
provided evidence that the basal ganglia exert influence on cortical inhibition (20).
Low striatal D2 receptor binding, as assessed by [123I] Iodobenzamide (IBZM) single
photon emission computed tomography (SPECT), was shown in patients with focal
dystonia (21). Using SPECT, Naumann et al. concluded that disturbance of the
indirect pathway causes disinhibition of thalamocortical circuitry in torticollis (22).

Sensory Deficit and Sensorimotor Mismatch

Tactile sensation, or a ‘‘geste antagonistique/sensory trick,’’ is a well-known sensory
phenomenon used to improve abnormal postures in torticollis and other forms of
focal dystonia. The pathophysiology of this sensory trick is unknown. An abnormal
sensory input such as trauma, however, can be a precedent to focal dystonia such as
torticollis (23). These two examples and other information suggest that dystonia is at
least in part a sensory related disorder (24). Molloy et al. in 2003 evaluated sensory
spatial discrimination in the hands of patients with focal dystonia. They showed
involvement of the dominant and nondominant somatosensory cortices, and
hypothesized that abnormal sensory processing is a fundamental disturbance in focal
dystonia (25). Earlier, Bara Jimenez et al. showed abnormal spatial discrimination in
patients with writer’s cramp, supporting the theory of sensory dysfunction in focal
dystonia (26). The above studies suggest that improper sensory assistance in a motor
activity may be the cause of the cocontraction of agonist and antagonist muscles seen
in focal dystonia.

Aberrant Neuroplasticity

The capacity of the nervous system for neural adaptation and network reorganization
has already been shown in several studies. In different pathological dynamics, the
maladaptive reorganization can occur in response to brain injury or external stimuli.
Electrophysiologic mapping techniques in primates and computational models
suggest the presence of neuroplasticity in focal dystonias (27–30). Recently, Bara
Jimenez et al. showed an abnormal somatosensory homunculus in dystonia of the
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hand (31). Using magnetic source imaging, other laboratories such as Elberta et al.
revealed similar results (32). They showed a fusion of digital representations in soma-
tosensory cortex for the affected hand in focal hand dystonia. This maladaptive neural
network or aberrant neuroplasticity in focal hand dystonia can be reversed by using
botulinum toxin injections (33). Using TMS, the reversible reorganization of the
motor cortex was shown for non–task-specific focal dystonias such as torticollis
(34). This study provided evidence showing that aberrant neuroplasticity is wide-
spread beyond the motor cortex and correlated to affected cervical muscles.

Basal Ganglia Discharge

There is much evidence supporting the role of basal ganglia in dystonic posture but
the mechanisms are poorly understood (35–38). Sanghera et al. reported data analyz-
ing basal ganglia neuronal discharge in patients who underwent posteroventral pal-
lidotomy for the treatment of primary genetic, secondary, or idiopathic dystonia
(39). On comparison of the discharge rates and neuronal pattern in parkinsonian
patients versus patients with dystonia, they found that: (i) in both dystonia and Par-
kinson’s disease (PD), the discharge rates in the putamen are very low but discharge
rates are much lower in the globus pallidus neurons in dystonia than in PD. (ii) In
dystonia, there are no differences in discharge rates and patterns of neurons in
globus pallidus, but in PD patients Globus Pallidus externa (GPe) recording shows
lower rates than Globus Pallidus interna (GPi). Recently Zhuang et al. analyzed neu-
ronal discharge in the GPi, ventral thalamic nuclear group, ventral oral posterior/
ventral intermediate, and subthalamic nucleus in patients with dystonia (37). Their
result was consistent with previous studies to support an association of dystonia
and alteration in neuronal discharge in the basal ganglia and thalamus. Based on
their findings, focal dystonia involves only small regions of the basal ganglia. How-
ever, patients with generalized dystonia show changes throughout the nuclei (37).

CLINICAL MANIFESTATION

CD, like other forms of focal dystonia, begins in a single body part with simultaneous
cocontraction of agonist and antagonist muscles. In a minority of the cases, CD can
spread to adjacent body parts representing a segmental dystonia. Interestingly, for a
given dystonic head position, the pattern of muscle activity may be changed following
botulinum toxin injection (40). Using EMG for a series of four consecutive injections,
these authors demonstrated an evolving pattern of muscle involvement. While
decreased EMG activity was shown in the injected muscles as expected, in muscles
that had not been injected, there was a tendency for increased electrical activity in ad-
jacent muscles. This changing pattern of muscle involvement also occurred in subjects
not benefiting from injection sessions (40). Head tremor and neck spasms are cardinal
clinical features in patients with CD (8,41). The majority of affected patients complain
of pain, which is not common in other types of focal dystonia other than writer’s
cramp. Hand and arm tremor may be seen in patients with torticollis (41–43). In cer-
tain cases, head, arm, or trunk tremor can be the initial presenting symptom and,
sometimes, the isolated manifestation of torticollis (44).

Most patients with torticollis find a sensory trick a useful tool to control or
eliminate their symptoms. As previously mentioned, a sensory trick has been called
a geste antagoniste and is a unique feature of dystonia. Typically, placing the hand
on the chin, side of the face, or the back of the neck reduces muscle contraction in
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CD without applying mechanical pressure (Fig. 3 A and B). In some patients, just
thinking about a ‘‘geste antagoniste’’ eliminates or diminishes their symptoms the
same as actually performing the sensory trick (45). Although the use of a ‘‘geste
antagoniste’’ is reported in more than 50 percent of patients with CD (41), its mech-
anism of action is still unknown.

In addition to sensory–motor signs and symptoms, patients with torticollis also
show a high incidence of psychiatric comorbidities. A recent study showed that
depression and anxiety disorders occur in patients with CD with a 3.7-fold increase
compared to a matched group with similar body image dissatisfaction (46). There-
fore, the authors concluded that psychiatric comorbidity is not just secondary to
chronic disease and disfigurement and may have its own pathogenesis primarily
related to dystonia. Furthermore, some patients with CD complain of worsening
of their symptoms with stress, emotion, self-consciousness, walking, carrying objects,
writing, running, social situations, fatigue, and lack of sleep (47). On the other hand,
some patients reported sleep, lying on their back or side, relaxation, and a ‘‘geste
antagoniste’’ as ameliorating factors (47).

There are several reports presented separately showing CD as the initial mani-
festation or presenting sign of diseases such as multiple sclerosis (48), spinocerebellar
ataxia 17 (49) and systemic onset juvenile rheumatoid arthritis (50). While it is clear
that this is a very uncommon event, CD can be secondary and due to a variety of
identifiable pathologies (Table 2) (51–63).

MANAGEMENT

Medical Therapy

The efficacy of oral drug therapy is limited and many different medication trials
show a low rate of success to control the symptoms of CD (64).

Anticholinergic Agents

Trihexyphenidyl was approved by the Food and Drug Administration (FDA) in
1949. It is a tertiary antimuscarinic agent that penetrates the central nervous system

Figure 3 (A) A patient with prominent left rotation, left tilt, and shoulder elevation.
(B) Same patient using a sensory trick by touching his left hand to his chin showing greatly
diminished dystonia.
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(CNS). It antagonizes cholinergic receptors in the CNS and smooth muscle. Trihex-
yphenidyl has antispasmodic action on smooth muscles. In a double-blinded,
randomized, placebo-controlled trial, it was shown to be effective in treating segmen-
tal and generalized dystonia (65). CNS disturbances are common side effects of
anticholinergic agents, especially in the elderly. Trihexyphenidyl needs to be discon-
tinued slowly in order to prevent neuroleptic malignant syndrome, which has been
reported rarely (66,67).

Benzodiazepines

Benzodiazepines such as lorazepam are commonly used to treat dystonia. Chlordiaz-
epoxide was the first benzodiazepine released in 1960, later diazepam in 1965,
clonazepam in 1975, and lorazepam in 1977. Benzodiazepines work through
enhancement of GABA receptors causing CNS depression, sedation, and muscle
relaxation. There are no controlled trials to show their effectiveness but there is
an open label study reported by Greene et al. (68). Clonazepam is the most com-
monly prescribed medication for the treatment of CD.

Mexiletine

Mexiletine is an antiarrhythmic agent whose effectiveness in treatment of CD was
shown in an open label case study (69). The dose range is 450 to 1200 mg/day but
it is not approved by the FDA to treat CD and efficacy in controlled trials is lacking.

Riluzole

Riluzole is a glutamate antagonist that is believed to modulate glutamate release.
Several open label studies showed success in the treatment of torticollis with

Table 2 Differential Diagnosis of Torticollis

Wilson’s disease
Progressive supranuclear palsy
Corticobasal ganglionic degeneration
Tardive dystonia
Spinal cord ependymoma
Posterior fossa tumor
Pseudotumor cerebri
Systemic lupus erythematosus
Huntington’s disease
Langerhans cell histiocytosis
Hemorrhagic and ischemic stroke
Cerebellopontine angle tumors
Intramedullary glioma
Cerebellar cavernous angioma
Syrinx
Retropharyngeal abscess
Ocular pathology
Electrical injury
Arteriovenous malformation
Multiple sclerosis
Pantothenate kinase-associated neurodegeneration
Ataxia–telangiectasia
Psychogenic dystonia
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riluzole by improving symptoms (70). Again, placebo-controlled trials have not
been performed.

Baclofen

Baclofen is an oral muscle relaxant. It is a GABA-B agonist and works mainly at
spinal cord level by inhibiting firing of motor neurons. It is used commonly in the
treatment of dystonia. There are no controlled trials available on the successful
use of baclofen in CD but some reports showed beneficial effects with the treatment
of CD by infusion of intrathecal baclofen (71).

Tetrabenazine

Tetrabenazine, a benzoquinolizine derivative, is a presynaptic catecholamine deplet-
ing agent that is effective and a relatively safe medication for the treatment of
hyperkinetic movement disorders. Jankovic and Beach treated more than 500
patients with hyperkinetic movement disorders over 15 years and analyzed the
long-term effects of tetrabenazine in those patients (72). They showed marked
improvement in 62.9% of patients with idiopathic dystonia. Its efficacy has also been
shown in a retrospective chart review study in patients with truncal dystonia includ-
ing torticollis (129). Tetrabenazine was used for treating abnormal movements in
patients with tardive dystonia (130). Serious side effects can occur with the use of
tetrabenazine such as parkinsonism, sedation, depression, anxiety, insomnia, and
akathisia. Tetrabenazine is not currently available in the United States.

Other Agents

Other medications that have been reported to be used in treatment of CD include,
benzotropine, valproate, olanzapine, clozapine and ethanol injection (131–133,73,74).
In a pilot trial, clozapine was shown to have no effect on dystonic posture of patients
with CD but decreased the associated jerky head movements by 50% (131). Olanzapine
was shown to be effective in tardive dystonia in the cervical region that was induced by
antipsychotic drugs (73). The beneficial effect of valproate in torticollis was shown in a
case report in 1984 when it was used in combination with baclofen (72). A significant
improvement of the symptoms was reported by injecting ethanol every other week
repeatedly with a mean of 10 times in 14 patients with torticollis (74).

Botulinum Toxin

Seven different serotypes of botulinum toxin have been identified. Their specific
action is at cholinergic synapses to block presynaptic release of acetylcholine. By
inhibiting the release of acetylcholine at the neuromuscular junction, it decreases
inappropriate cocontraction of agonist and antagonist muscles in dystonia. Over
the last 15 years, intramuscular injection of botulinum toxin has become the treat-
ment of choice for patients with CD. Injection of toxin into appropriate neck
muscles relieves torticollis symptoms. A 30-gauge needle may be used for superficial
injection and a larger 25- to 27-gauge needle for deeper musculature. Various con-
trolled trials show 60% to 90% improvement following intramuscular toxin injection
(75–81). Patients usually notice improvement of their symptoms in 5 to 10 days after
injection with lasting benefit for three to four months. Two distinct serotypes of
botulinum toxin types A and B, are available for the treatment of dystonia.
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Botulinum Toxin Type A

Botulinum toxin type A is effective and safe and has been shown to be more effective
than medical therapy such as trihexyphenidyl in controlling symptoms of CD with a
better side effect profile (82). Currently, three formulations of type A toxin are avail-
able in clinical practice, BotoxTM, Merz NT 201, and Dysport.

BotoxTM. The efficacy and safety of BotoxTM has been established in several
clinical trials, with 70% to 90% of the patients with CD benefiting from this
formulation (76,77,83,84). The mean dose in clinical studies was between 198 and
300 units divided among affected muscles. There is concern about the possibility
of developing neutralizing antibodies with repeated therapy. In general, avoidance
of using high doses (BotoxTM above 400 units) and extending the interdose interval
to a minimum of three months’ duration is the accepted norm. In some reports,
neutralizing antibodies have been shown in up to the 17% of the patients but
Jankovic et al., using the current formulation of botulinum toxin type A, did not
detect the presence of blocking antibodies in a three-year open label observation (85).

Specialized local injection techniques such as EMG-guided injection may be used
to increase the magnitude of benefit (86). Just prior to injection, BotoxTM should be
reconstituted using sterile nonpreserved normal saline. Reconstituted medication should
not be stored more than four hours in a refrigerator because the potency is reported to
wane substantially thereafter (87). BotoxTM is a pregnancy category-C medication and
is supplied in the United States in 100-unit vials as a lyophillized preparation.

The effect of BotoxTM may be potentiated by other drugs that interfere with
neuromuscular transmission such as aminoglycoside antibiotics and other neuromuscu-
lar blockers. One study showed antagonistic action of chloroquine with botulinium
toxin (88) by preventing internalization of the toxin. Multiple studies have shown
BotoxTM to be a safe medication in the hands of trained physicians (76,77,83). Adverse
effects such as dysphagia, neck weakness, local pain, lethargy, dysphonia, and xero-
stomia are temporary but can last for weeks or months prior to waning (89).

Dysport. Dysport is another A type toxin (not available in the United States)
shown to be safe and effective for more than a decade of use in Europe (90,91). There
are several studies comparing BotoxTM and Dysport directly. Odergren et al. showed
similar improvements and safety profile in patients treated with BotoxTM or Dysport
(90). In 2002, Ranoux et al. demonstrated that although Dysport had a higher
incidence of adverse effects, it was more effective than BotoxTM for both impairment
and pain in CD (91). A multicenter double-blind randomized controlled trial in the
United States recently confirmed previous reports that Dysport is safe, effective, and
well tolerated in patients with CD (92).

To compare the safety, effectiveness, and duration of the clinical effect of
BotoxTM and Dysport, a single arm, crossover-design study was performed in 48
patients with CD, blepharospasm, and hemifacial spasm (93). This study showed
that therapeutic effectiveness, safety, and duration of action are enhanced with
BotoxTM. A pivotal, randomized, double-blind, placebo-controlled study of Dysport
for the treatment of CD is ongoing in the United States.

Merz NT 201. NT 201 is a new compound from MERZ pharmaceuticals. It is
a lyophillized preparation of botulinum toxin type A, free of other potentially
immunogenic proteins of clostridial origin. Recently, a double-blind noninferiority
trial compared the efficacy and safety of NT 201 with BotoxTM in 420 patients with
CD in 11 European centers (94). This study showed noninferiority of the NT 201
versus BotoxTM with a similar safety and tolerability profile.
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In a separate randomized controlled trial, the efficacy and tolerability of NT 201
was compared with BotoxTM in 14 healthy volunteers (95). After injecting four units of
BotoxTM and NT 201 into the extensor digitorum brevis muscle, reduction of com-
pound muscle action potential was observed in both groups. The maximal effect was
found between 7 and 14 days with no significant differences between groups for effi-
cacy, time to onset of action, duration of action, and tolerability. This compound is
only available in Germany but trials are currently ongoing in the United States.

Botulinum Toxin Type B

Myobloc. Myobloc was the first toxin approved by the FDA for the treatment
of CD in December 2000. Myobloc has been shown effective by reducing the pain,
severity, and disability associated with CD in both botulinum toxin type A-respon-
sive and type A-resistant patients (79–81,96). Botulinum toxins inhibit acetylcholine
release at the neuromuscular junction by binding to receptors on presynaptic choli-
nergic nerve terminals via a multiple stage process (97). Myobloc specifically cleaves
synaptic vesicle associated membrane protein, also known as synaptobrevin (98).
This cleavage blocks docking and fusion of the synaptic vesicles, a necessary step
for neurotransmitter release. BotoxTM cleaves another target protein, synapto-
some-associated protein of 25 kDa (98). Controlled trials have shown that patients
notice the benefit of Myobloc injection within four weeks, with a median duration
of action between 12 and 16 weeks (99). The recommended initial dose is between
2500 and 5000 units divided among injected neck muscles. Maximal reported doses
have been as high as 25,000 to 28,000 units (100,101). Dry mouth, dysphagia, and
injection site pain are the most common reported side effects with Myobloc.

Myobloc and BotoxTM have been compared in at least two studies in patients
both naive and previously treated with BotoxTM. These trials revealed that both
toxins provide equivalent benefit in patients with CD and have comparable side
effect profiles except that Myobloc caused more dry mouth (102,103).

Surgery

Surgical procedures for the treatment of CD are considered in the uncommon case of
toxin inefficacy or the development of resistance to both serotypes of toxin and fail-
ure of medical therapy. Both central and peripheral nervous system procedures have
been used to treat CD recalcitrant to medical intervention. To date, surgical therapy
strictly remains an option when other treatments fail or become ineffective.

Brain Lesioning

Since the early 1940s, brain lesioning as a treatment for CD has been undertaken
with variable results. Several targets have been explored in the basal ganglia and
thalamus to treat movement disorders. Meyers reported a surgical procedure for
postencephalitic tremor in 1941 (104). Afterward, he reported his 10 years’ experi-
ence of operation to treat movement disorders including dystonia by creating lesions
in selected regions of the basal ganglia and thalamus (105). These results have been
replicated by placing lesions in various regions of basal ganglia (106). Thalamotomy
as a traditional stereotactic therapy for CD shows controversial results (107). Bilat-
eral thalamatomy can be modestly effective to treat symptoms in CD but can cause
serious side effects including weakness and dysphagia, in contrast to the unilateral
thalamotomy, which shows less beneficial response but a more favorable safety pro-
file (64). Lesioning of globus palidus was later reported as a treatment for CD (106).
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The posteroventral medial pallidotomy targets the pallidothalamic pathway and is
hypothesized to interrupt abnormal neurocircuitry involved in CD (106). Interestingly,
most reports show gradual improvements in dystonic patients following pallidotomy
over several months (64). Yoshor et al. compared pallidotomy and thalamotomy to
treat patients with different forms of intractable dystonia. The long-term outcome with
pallidotomy was significantly better than thalamotomy for all patients with dystonia
including CD (108). Several reports show thalamotomy as a more effective procedure
for secondary dystonia than primary dystonia (108–110).

Brain Stimulation

Deep brain stimulation (DBS) is being used to treat several types of movement dis-
orders. It has advantages over brain lesioning because it is reversible and adjustable.
DBS was used initially in the 1960s to control chronic pain and decades later it was
used for various movement disorders such as PD, tremor, and dystonia (111). Several
studies showed DBS as a relatively safe procedure and a very useful therapeutic
option for disabling CD in patients who do not respond to medical therapy and botu-
linum toxin injection (112–114). The mechanism of action of DBS in dystonia is
poorly understood. The target used for DBS in dystonia is located in the posteroven-
tral lateral GPi, a target also used in PD. Several investigators are in favor of bilateral
DBS over unilateral DBS because of the evidence showing bilateral basal ganglia
dysfunction in patients with CD (112,115,116). Postoperative improvement has been
reported to be gradual, sometimes several weeks or months after surgery, but
progressive and sustained in nature (117). Compared to DBS for other movement dis-
orders such as PD, initial settings require higher voltages and pulse widths, followed by
gradual increment of intensity (117). Prospective studies have shown up to two years of
follow-up with ongoing benefit in a gradual and exponential manner (113,117,118).

Peripheral Surgical Intervention

A peripheral surgical approach is one of the alternative options for treatment of
patients with botulinum-toxin–resistant CD. There are various types of peripheral
surgical techniques, but selective peripheral denervation is the most commonly per-
formed procedure. In 1987 and 1988, Bertrand et al. reported their observations
and analysis with significant success rate in patients with CD who underwent selec-
tive denervation (119,120). There are several well-established procedures for selective
peripheral denervation such as denervation of the accessory nerve and the posterior
rami of the cervical spinal nerves and, more recently, levator scapulae muscle with
wide range of response rates (121–126). In an open label study, Ford et al. concluded
that the best candidates for selective ramisectomy were those patients with secondary
botulinum toxin failure (127). In contrast, Cohen et al., in a retrospective analysis,
concluded that outcome was not predicted by preoperative head position, severity,
and duration of symptoms or response to botulinum toxin (128).

PROGNOSIS

CD can be sustained, may spread to other muscles, or go into remission. Developing
segmental or rarely generalized dystonia has been reported in some cases (63). Chan
et al. reported remission in 9.8% of their cases but spontaneous remissions in up to
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20% of the patients also were observed in some reviews (8). In general, this is not a
progressive disorder and most patients experience stabilization of symptoms within
the first five years of toxin therapy.

SUMMARY

CD is the most common form of focal dystonia that affects more than 90,000 people
in the United States. Its pathophysiology is not well understood but several hypoth-
eses detail involvement at the central and peripheral level. In addition to sustained
neck spasms, which result in abnormal head posture, the majority of affected
patients complain of head tremor and pain. One of the interesting and unique fea-
tures of CD is the geste antagoniste.

Several medications are used in the treatment of CD but the efficacy of oral drug
therapy is limited with a low rate of success. Over the last decade, chemodenervation
with botulinum toxin opened a new chapter in treatment of CD. Two types of botuli-
num toxin, types A and B, are being used for treatment of CD with equivalent benefit.
In cases when medical therapy fails, surgery is an option. Several trials are currently
ongoing in the United States and Europe to evaluate the efficacy of DBS in CD.
Additionally, trials evaluating efficacy and safety of new type A toxins are underway.
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INTRODUCTION

Limb dystonia can be a primary, isolated focal disorder or can arise in association
with more widespread involvement of multiple body areas. When dystonia involves
the limbs, it can be particularly disabling. Hand use and walking require finely coor-
dinated patterned movements, so that even a mild degree of dystonia can severely
disrupt function.

Hemidystonia, dystonic involvement of the upper extremity, lower extremity,
and face on the same side, is often secondary to an underlying structural cerebral
lesion. When dystonia involves at least two adjacent body areas, such as the limbs
and more proximal limb girdle muscles, it is referred to as segmental dystonia. Upper
extremity, lower extremity, and limb segmental dystonia will be discussed in this
chapter.

FOCAL HAND DYSTONIA

Upper extremity dystonia tends to affect the distal muscles of the forearm and hand
rather than the proximal muscles of the upper arm. Focal hand dystonia was first
recognized and named by its characteristic impairment of specific tasks and tendency
to cluster in those practicing particular occupations. One of the earliest descriptions,
Ramazzini’s 1713 treatise on maladies associated with various occupations,
‘‘De Morbis Artificum’’ (Diseases of Workers) (1), depicted the ‘‘morbid affections’’
of scribes and notaries:

‘‘Furthermore, incessant driving of the pen over paper causes intense fatigue of
the hand and the whole arm because of the continuous and almost tonic strain
on the muscles and tendons, which in course of time results in failure of power
in the right hand.’’

The task specificity of ‘‘scrivener’s palsy’’ was further noted by Solly in the
Lancet, in 1864 (2):
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‘‘[The disease] shows itself outwardly in a palsy of the writing powers. The muscles
cease to obey the mandate of the will. It comes on very insidiously, . . . these unnatural
sensations subside during the hours of rest and sleep, to return with the writer’s work
on the next day . . . The paralysed scrivener, though he cannot write . . . can do
almost anything he likes, except earn his daily bread as a scribbler.’’

W. C. Gowers provided a more complete description of such ‘‘occupational
neuroses’’ in ‘‘A Manual of Diseases of the Nervous System’’ (3), published 1886–
1888, noting the insidious onset typically in middle age, task specificity, possible
association with limb trauma, and the tendency for involvement of the nondominant
hand in those who switched hands for writing. As well as arising in those who wrote
for a living, Gowers reported similar symptoms in

‘‘ . . . pianoforte players, violin players, seamstresses, telegraphers, smiths, harp-
ists, artificial flower makers, turners, watchmakers, knitters, engravers, masons,
compositors, enamellers, cigarette makers, shoemakers, milkers, money counters,
and zither players’’

or in those with, as Ramazzini commented, ‘‘particular posture of the limbs or
unnatural movements of the body called for while they work.’’

The task specificity of focal hand dystonia is reflected even in today’s nomencla-
ture. Although all forms can be called ‘‘focal task-specific hand dystonia,’’ names
applied to task-specific variants have included writer’s cramp, musician’s cramp,
typist cramp, occupational cramp or golfer’s cramp (the ‘‘yips’’). Writer’s cramp is
the most common focal hand dystonia in the general population.

Signs and Symptoms

The first symptom of focal hand dystonia is usually a feeling of tightness or loss of
facility with a previously easily performed action, often accompanied by fatigue and
aching in the affected hand and forearm that worsen with continued hand use. The
discomfort and difficulty using the hand resolve with rest but return quickly when
the eliciting activity resumes. Symptoms may evolve over months to years, with the
progressive development of uncontrolled, involuntary muscle contraction, abnormal
position of the fingers and wrist, loss of control and impaired motor performance
(Fig. 1). With writer’s cramp, many patients report an excessively tight grip on the
pen. The writing process becomes slow and tedious and the quality of handwriting
deteriorates, worsening as writing continues (Fig. 2). In some patients, including
approximately 50% of those with writer’s cramp, the dystonia is exquisitely task-spe-
cific (‘‘simple cramp’’), leaving other tasks, even those performed with same muscles,
unaffected (4,5). For example, some musicians severely impaired in playing one
instrument, can play a second, even related instrument, with ease (6). In other
patients, the dystonia progresses to involve other skilled tasks (‘‘dystonic cramp’’).
When most severe, there is dystonic posturing at rest (Fig. 3). Focal hand dystonia
may remain simple, but sometimes generalizes as ‘‘progressive cramp’’ that can
spread to involve more proximal arm muscles, the neck, or lower face (5,7,8). Dys-
tonia can also spread to involve the opposite limb (5,8).

The particular pattern of focal hand dystonia varies widely from individual to
individual and may involve various combinations of distal and proximal muscles,
flexors and extensors, and supinators or pronators. Certain patterns are more common
than others and tend to be characteristic of patient occupation or other activities. In
writer’s cramp, the dominant hand is affected more frequently than the nondominant
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hand, flexors more commonly than extensors, and distal more commonly than proxi-
mal muscles. In typists, either one hand or both hands may become dystonic. In
musicians, the pattern of dystonia reflects the muscles relied on most for instrumental
play (9–11). In pianists, about 75% have right-hand involvement; fourth and fifth finger
hyperflexion is particularly common. In violinists, the nonbowing left hand is affected
in 60%, often with hyperflexion of the fourth and fifth fingers as in pianists. When the
bowing hand is affected, the dystonia involves the wrist rather than the fingers.
The third finger often flexes uncontrollably in guitar players, but extends in clarinetists.

Figure 2 Writing sample from a patient with writer’s cramp. Quality deteriorates the longer
writing continues.

Figure 1 Writer’s cramp.
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In woodwind players, the right hand, which has to both support and play the instru-
ment, is more frequently affected than the left.

Primary sensory modalities are intact, although impaired spatial or temporal
discrimination may be identified if specifically sought (12,13). Strength is normal,
as are deep tendon reflexes. Actions eliciting the dystonia may be performed slowly
and irregularly, but there is no ataxia. Additional signs may include myoclonic jerks,
increased muscle tone, or loss of arm swing on the affected side. Dystonic muscles
may hypertrophy over time. Tremor is present in up to 48% of patients with focal hand
dystonia, usually unilateral in the affected arm, and may be task-specific (5,14). Primary
writing tremor, task-specific tremor present only during writing, shares physiologic
features with dystonia and can respond to similar medications, including botulinum
toxin. It thus may be a variant of dystonia in some patients (15,16).

Epidemiology

Focal hand dystonia has an incidence of 1.7 to 14 and a prevalence of 7 to 69 per
million population (17–19). The prevalence of musician’s dystonia is estimated to be
between 0.2% and 0.5% (20), affecting as many as 5% to 24% of musicians presenting
for evaluation of hand complaints (9,21,22). The typical age of focal hand dystonia
onset is the fourth decade (4,5). In contrast to most other adult-onset focal
dystonias that are more frequent in women, writer’s cramp and musician’s cramp
affect men three times more frequently than women (6,9,17). Musicians with dystonia
tend to be male (74%–83%), professional, classical musicians, and may have a slightly
younger age of onset than the general focal hand dystonia population (6,9). Pianists,
string players, and woodwind players are especially prone to develop hand dystonia.

Genetics

Five percent to 20% of those with writer’s cramp and 9% of those with musician’s
cramp have a family member with dystonia, suggesting a genetic component
(7,11,23). Identical twins discordant for focal hand dystonia have been reported (9).

Figure 3 Writer’s cramp: abnormal dystonic hand posture at rest.
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Genes associated with focal hand dystonia are increasingly being identified.
Focal hand dystonia can be found in a few patients with the DYT1 mutation of idio-
pathic torsion dystonia, and thus may be a ‘‘forme fruste’’ in some circumstances
(24,25). Upper extremity and lower extremity dystonia are not uncommonly present-
ing symptoms of DYT1 dystonia, with generalization ensuing over the following
years (8). However, the DYT1 gene is not frequent in either writer’s cramp (26) or
musician’s cramp (27). Focal hand dystonia has also been reported in DYT6 (28),
DYT7 (29), and DYT13 (30) families. Bhidayasiri reported three brothers with
writer’s cramp onset in the sixth decade, linked to chromosome 18p, as are DYT7
and DYT15 (31).

Pathophysiology

The initial characterization of abnormal patterns of muscle contraction in dystonia
focused on writer’s cramp. Surface EMG during writing revealed cocontraction of
agonists and antagonists, prolonged muscle bursts, and lack of muscle selectivity
with overflow contraction of muscles not ordinarily activated by writing (32–34).

Physiologic studies focused on hand dystonia have demonstrated a variety of
central nervous system deficits including impaired intracortical inhibition, abnormal
cortical excitability, and aberrant sensorimotor plasticity that likely contribute to the
overcontraction of muscles and loss of motor control characteristic of this disorder
(35–38). The way these identified abnormalities combine to result in a particular
manifestation of the dystonic symptoms is not well understood. Some physiologic
abnormalities are present bilaterally despite apparently unilateral symptomatology,
and others are present independent of whether dystonia is activated. Many do not
correlate with the severity of dystonic symptoms. However, Chen was able to dem-
onstrate loss of cortical inhibition with transcranial magnetic stimulation that was
specific to the symptomatic hand (39). Odergren found abnormally increased acti-
vation of primary sensorimotor cortex, premotor cortex, thalamus, and cerebellum,
which paralleled worsening disability during sustained writing (40). Pujol elicited dys-
tonia by having musicians play a modified guitar during fMRI scanning and found
decreased activation in premotor areas with increased activation of primary sensori-
motor cortex contralateral to the dystonic hand. The decrease in premotor activation
was less prominent when the musicians played with the nondystonic hand (41).

Somatosensory system abnormalities are well demonstrated in focal hand dys-
tonia. Sensory maps for the hand are distorted with overlapping finger representation
(42–45). Defects are also present in temporal and spatial sensory discrimination,
although it is not clear if the sensory abnormalities cause or result from dystonia
(12,13,42,46–48). Simultaneous stimuli applied to different digits lead to blending
of cortical receptive fields for those fingers, while temporally separate stimulation
does not. Thus, defects in temporal discrimination of sensory stimuli could lead to
cortical dedifferentiation of sensory maps (49).

Rosenkranz et al. proposed that different mechanisms may play a role in the
genesis of focal hand dystonia in writers, who use their hands no more than the aver-
age worker, and in others, such as musicians, where there is clearly prolonged,
repetitive, stressful use of the hands. They demonstrated physiologic differences
in intracortical inhibition between writer’s cramp and musician’s cramp, with less
influence of sensory input on motor output in writer’s cramp and more loss of
short-latency intracortical inhibition from vibratory stimulation in musician’s
cramp. Interestingly, nondystonic musicians had a decrease in intracortical
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inhibition compared to normals, but it was less severe than in those with dystonia,
supporting the possibility of aberrant plasticity in those with dystonia (50). Similarly,
Lim found an increase in the amplitude of the late component of the contingent
negative variation in musicians’ cramp, consistent with an increase in corticomotor
excitability or loss of inhibition that differed from the decrease in amplitude reported
in CNV studies of writer’s cramp (51).

Although brain structure appears normal on anatomic examination or structural
MRI, Garraux, using voxel-based morphometry, found increased gray matter in hand
territories of primary somatosensory and motor cortex in patients with focal hand dys-
tonia (52). A similar finding in the hemisphere contralateral to the unaffected hand
suggested that the change was not a secondary effect of the dystonia.

Etiology

As noted in the earliest medical description of focal hand dystonia, symptoms appear
to first arise with prolonged repetitive use of the small muscles of the hand. Musicians
often report the onset of symptoms during a period of particularly intense practice or
when approaching especially difficult works. A role for excessive hand use in the
development of focal hand dystonia is further supported by the pattern of dystonic
muscle involvement. Focal hand dystonia tends to develop on the side and in the mus-
cles used most frequently. Thus, writers develop dystonia in the dominant writing
hand. About 74% of pianists develop dystonia in the right hand that handles more
technically demanding parts than the left, while it affects the fingering left hand in
60% of violinists (9,20,53,54). Dystonia in both pianists and violinists has a predilec-
tion for the fourth and fifth fingers. These fingers may be particularly vulnerable
because their relative weakness requires more effort during playing than other
fingers and because they have relatively little independence of movement compared
to the other fingers (53). Individual anatomic factors, such as joint immobility or
intertendinous connections, may also play a role in susceptibility to focal hand
dystonia (55).

The ‘‘overuse’’ hypothesis is further supported by a monkey model in which
attended, highly repetitive hand movements produced a movement disorder similar
to focal hand dystonia. There was, in addition, remodeling of primary somatosen-
sory cortex with enlarged and overlapping cortical receptive fields for the digits that
correlated with severity of the motor abnormality, similar to aberrations of sensory
cortical field representation found in focal hand dystonia (56,57).

Limb overuse, however, cannot be the sole factor eliciting dystonia, since many
people, including most professional musicians, use their hands extensively and do
not develop dystonia. Jedynak found that fewer than half of the patients with wri-
ter’s cramp had a history of writing intensively before the dystonia onset (4). The
expression of focal hand dystonia may therefore require both an underlying predis-
position and a trigger. Personality, genetics, prior cerebral injury, and aspects of
performance may combine with a trigger, such as prolonged hours of use, to lead
to the development of focal hand dystonia (35,58,59).

Although controversial (60,61), one possible trigger for focal hand dystonia is
trauma. Focal hand dystonia can follow acute or remote, even minor, trauma to the
dystonic limb (59,62–66). Complex regional pain syndrome [(CRPS) (also known as
reflex sympathetic dystrophy)] may, but need not, be present. Five to ten percent of
those with writer’s cramp and a few musicians report prior trauma to the affected
limb (4,5,7,9,14). Spinal injuries and conditions such as thoracic outlet syndrome
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have also been reported as precipitants (67–69). Although rare, isolated focal hand
dystonia can follow brain injury, sometimes as a late sequela (70,71).

Peripheral nerve dysfunction may also contribute to the development of dys-
tonic symptoms (72). Charness reported uncontrolled finger flexion, especially of
the fourth and fifth digits, in musicians with ulnar neuropathy, characterized by
defective agonist/antagonist activation and prolonged muscle bursts on EMG
(73,74). Similar EMG abnormalities were present in nondystonic patients with ulnar
neuropathy, even in muscles not innervated by the ulnar nerve, suggesting that the
ulnar neuropathy had altered central motor processing. Most patients with focal
hand dystonia, however, have neither symptoms nor physiologic evidence of ulnar
nerve dysfunction.

Differential Diagnosis

The diagnosis of idiopathic focal hand dystonia relies on clinical evaluation identifying
features consistent with dystonia and excluding secondary causes. Patients with other
disorders may present similar complaints, but the combination of painless, task-specific
uncontrolled spasm and the pattern of abnormal posture should suggest dystonia.

Repetitive stress injury (RSI) or ‘‘overuse syndrome’’ is a commonly diagnosed
occupational cause of hand pain and disability that can be mistaken for dystonia
(75,76). The hallmark of RSI is pain in the affected hand and arm. RSI symptoms
may progress from pain present only during limb use to pain persisting despite rest
and may be accompanied by swelling or other signs of inflammation. Similar to dys-
tonia, RSI can be precipitated by stressful, repetitive hand use, and among its risk
factors are the use of high force, awkward joint positions, and prolonged unnatural
postures (77). Unlike dystonia, however, function is preserved except as impeded by
pain. RSI is due to tenosynovitis, often with microtears in the soft tissue and stress
fractures. About 2% of RSI patients have nerve impairment, such as carpal tunnel or
other pressure neuropathy.

Therapy for RSI includes rest, splinting, ice, elevation, nonsteroidal anti-
inflammatory medications, and local steroid injections, all aimed at decreasing pain
and inflammation. Similar to focal hand dystonia, preventing exacerbation entails
changing limb posture, altering hand use techniques, and improved ergonomic
design of work tools.

CRPS (previously ‘‘reflex sympathetic dystrophy’’) causes pain, autonomic
dysfunction, and trophic changes, usually following injury to the affected extremity.
In type I CRPS, there is no identifiable nerve injury, while type 2 CRPS (previously
called ‘‘causalgia’’) is associated with identifiable peripheral nerve damage. The
pathogenesis of CRPS is believed to entail both central nervous system processes
and peripheral neurogenic inflammation. Motor abnormalities occur in up to 97%
of patients with CRPS (78) and include weakness, hyper-reflexia, difficulty initiating
movement, tremor, and irregular myoclonic jerks (79,80). Dystonia is present in
10% to 30% of patients with CRPS, especially those with type 2 (78,81). Jankovic
found CRPS in 9 of 18 patients with dystonia following peripheral trauma (59).
The dystonia may precede other CRPS symptoms, but is especially likely in those
with long-standing CRPS. Unlike idiopathic dystonia that associated with CRPS
may be fixed, painful, and persist during sleep (79). Prolonged muscle contraction
and cocontraction of agonists and antagonists on EMG and H-reflex abnormalities
indicating loss of inhibition, similar to that in idiopathic dystonia, are also present in
CRPS-associated dystonia (79,82). The treatment of CRPS focuses on control of
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pain, the most disabling symptom. Early on, the dystonic symptoms may respond to
sympathetic blockade or sympathectomy. Medications such as benzodiazepines or
lioresal may also be helpful.

Nerve entrapment may be mistaken for focal hand dystonia or can arise sub-
sequent to it. Carpal tunnel syndrome does not commonly cause hand dystonia, but
hand dystonia may predispose to the development of carpal tunnel syndrome (72).
Although the forearm and hand discomfort associated with focal hand dystonia
could be mistaken for carpal tunnel syndrome, hand weakness, sensory loss, Tinel’s
sign, and Phalen’s sign should be absent.

The relationship between ulnar neuropathy and focal hand dystonia is less
clear. As noted above, patients with ulnar neuropathy may develop finger hyperflex-
ion similar to dystonia. Charness found symptoms and EMG evidence of ulnar
neuropathy in 40% of 73 musicians with occupational cramp, needing near-nerve
recording since surface EMG detected the ulnar nerve abnormality in only one-third
of cases (73). Even though musician’s dystonia is more common in men, ulnar neu-
ropathy was more likely in women with musician’s cramp. Ulnar neuropathy is not
present in most patients with focal hand dystonia, but it should be carefully excluded
by physical examination and EMG, with near-nerve recording if warranted.

In the early literature, dystonia was attributed to cerebral dysfunction. In
‘‘A note on scrivener’s palsy,’’ Pearce includes the analysis of Sir Charles Bell (1830) (83):

‘‘The nerves and muscles are capable of their proper functions and proper adjust-
ments; the defect is in the imperfect exercise of the will, or in the secondary influence
the brain has over the relations established in the body.’’

In the 19th century, however, focal hand dystonia was often considered a neu-
rotic or hysterical disorder (5). While most patients with focal hand dystonia have no
demonstrable psychopathology, limb dystonia is not uncommonly a presentation of
psychogenic dystonia. Psychogenic dystonia should be considered when there is
abrupt onset, rapid progression to fixed posture, prominent pain, other psychogenic
neurologic signs, and multiple somatizations (84,85).

In symptomatic or secondary dystonias, hand and arm involvement are fre-
quently associated with dystonia of the leg or trunk muscles (hemidystonia) or more
proximal muscles (segmental dystonia) on the same side. Secondary dystonia is
rarely expressed as isolated focal hand or arm dystonia. However, it has been
reported with cerebral lesions, usually involving the contralateral basal ganglia, as
well as with spinal cord, nerve root, or brachial plexus lesions (71,86). Symptomatic
dystonias are usually recognized by the additional signs and symptoms, reflective of
the underlying disorder, that are not otherwise present in idiopathic dystonia.

Natural History

Spontaneous remission of focal hand dystonia is rare and often only temporary (7).
In most patients, the symptoms evolve over a few months to years and then stabilize,
although later progression has been reported (8,87). Hand dystonia can interfere
with activities of daily living or occupation, but is rarely disabling (5). Only 10%
to 15% of those with writer’s cramp were unable to continue their usual occupation
or writing with the dominant hand. The situation is different, however, in pro-
fessional musicians for whom even a minor degree of dystonia can be disabling. Only
36% to 53% of affected professional musicians are able to continue playing pro-
fessionally, even with treatment and changes in technique or repertoire (9,87).
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SEGMENTAL DYSTONIA

Segmental dystonia involves not only the limb but also the contiguous proximal limb
girdle musculature. Primary segmental dystonia may be a little more frequent than
focal hand dystonia (17,19). In the upper limbs, segmental dystonia often causes a
characteristic posture of shoulder elevation with adduction and internal rotation
of the arm (Fig. 4). Segmental dystonia can also be an expression of the DYT1
mutation (88). Similar to hemidystonia, segmental dystonia is often symptomatic
of an underlying brain, spinal cord, root, or nerve lesion and can follow peripheral
trauma (89–92). Delayed dystonia after childhood or adult brain damage is often
segmental (93). Similar to other dystonias, when segmental dystonia occurs in the
presence of a central lesion, the most common location is the contralateral basal
ganglia. Stathis reported a patient with a putaminal stroke, but no residual hand
weakness, who developed segmental dystonia following arm fracture and casting
three years later, supporting the idea that peripheral trauma may be a trigger in
someone with an underlying susceptibility, such as a basal ganglia lesion (94).

LEG AND FOOT DYSTONIA

The leg and foot are often affected along with other parts of the body in generalized
dystonia, dystonia-plus syndromes, and psychogenic dystonia (85). Symptomatic
leg dystonia can also be seen with brain, spinal, or radicular lesions (70,71,95–97)
or following peripheral trauma with or without CRPS (79,92). Leg involvement,
as a presenting sign of early-onset dystonia, signals a likelihood of generalization,
with spread to the trunk and arms following within months to years. Leg dystonia
in patients with dopa-responsive dystonia (DRD) improves with rest and responds
to low doses of l-dopa. In adults, leg dystonia can be an initial sign of Parkinson’s
disease, occurring before the onset of bradykinesia, tremor, or rigidity. In this case,
the dystonia may respond to l-dopa. Later in the course of Parkinson’s disease, limb
dystonia can arise as a complication of l-dopa therapy (98).

Figure 4 Segmental dystonia with typical pattern of shoulder elevation, arm adduction, and
internal rotation.
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Idiopathic focal leg dystonia is uncommon. The incidence is not known; only
single cases and a small series have been reported (99–102). Singer reviewed four of
his own cases and three in the literature (103). In those seven patients, the mean age
of leg dystonia onset was 57þ/� 12 years. The main dystonic pattern was foot or leg
inversion and plantar flexion, as seen in one of our patients (Fig. 5). Foot dorsi-
flexion was less frequent. The toes flexed in some patients but extended in others.
Symptoms were less obvious on walking backwards. Idiopathic leg and foot dystonia
was action-induced, occasionally seen at rest, and caused mild-to-moderate gait
impairment.

A number of reasons may explain why lower limb dystonia occurs less fre-
quently than upper limb dystonia. One is that the underlying pathologic cause of
dystonia may have a predilection for anatomically specific areas of the brain. Other
explanations may be that less area is devoted to representation of the lower limb
than the hand and arm in brain regions important in dystonia, or because specific
triggers, such as overuse, rarely affect the leg.

EVALUATION OF LIMB DYSTONIA

Physical Examination

The first step in evaluating limb dystonia is a complete neurologic examination.
Signs of radiculopathy, peripheral neuropathy, parkinsonism, and other disorders
that can secondarily cause dystonia should be sought. The examination may then
focus on the dystonia itself.

To determine the full extent of dystonic involvement, patients need to be exam-
ined in a variety of conditions, including rest, sustained posture, during activities
that provoke the dystonia, and while performing other activities. Most patients with
limb dystonia have normal resting posture. However, the dystonia, sometimes

Figure 5 Lower extremity dystonia with typical internal rotation of foot.
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with choreiform movements of the fingers, is obvious at rest in the most severely
affected patients.

One of the most important aspects of the examination is observation during
performance of the tasks eliciting the dystonia. For example, typists should be
observed at a keyboard (Fig. 6), and those with writer’s cramp should be examined
during writing, using both whatever adaptive grip they have developed to cope
with the dystonia and their premorbid grip. Musicians need to be examined while
playing their instruments, both with and without any adaptations that they may
have made (Fig. 7).

There are few validated rating scales for dystonia and none specifically for wri-
ter’s cramp or musician’s cramp. Methods of assessment for writer’s cramp have

Figure 6 Typist cramp affecting both hands.

Figure 7 Musician’s cramp: fourth and fifth finger hyperflexion in a pianist.
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included judging the quality of writing samples of either words or repeated loops,
timed tasks such as the number of words or letters written in a set period of time,
speed of writing a particular passage, qualitative descriptions, analysis of digitized
movement parameters, and visual analog scales. Music performance can similarly
be analyzed objectively, but no uniformly accepted, validated method is available.
Assessment more commonly relies on expert judgment of performance or self-report.

If botulinum toxin treatment is being considered, it is important to delineate
the specific muscles involved in the dystonia in order to select muscles for injection.
The determination of affected muscles may not be straightforward. Dystonia may
not be present at rest and the performance of actions that elicit the dystonia is often
complicated by the presence of compensatory movements that may not be con-
sciously adopted. Patients should be asked to perform without compensating for
the dystonia, when possible. Observing tasks other than the primary eliciting task
may allow observation of dystonic patterns without compensation. For example,
5% to 40% of patients have mirror dystonic posturing in the dominant hand when
writing with the nondominant hand (Fig. 8) (4,7). Observing mirror dystonia allows
one to detect the pattern of muscle involvement without the confound of compen-
satory movements and may be helpful in selecting muscles for botulinum toxin
injection (104). Additional tasks that may be helpful in focal hand dystonia are to
have the patient draw a spiral with outstretched fingers rather than while gripping
the pen or to tap on a table with each finger sequentially (Fig. 9).

Segmental dystonia of the upper limb is often best seen during walking, as is
dystonia of the leg and foot. Patients with leg dystonia should be examined walking,
both with and without whatever shoes or orthotics they commonly wear.

Ancillary Studies

Routine EMG is not helpful in the diagnosis of focal limb dystonias other than to
eliminate an underlying neuropathy or radiculopathy. Its use can, therefore, be

Figure 8 Mirror dystonia in the dominant left hand during writing with the nondominant
right hand.

166 Karp



reserved for patients with sensory or motor signs on examination. Near-nerve
recording may be needed to detect occult neuropathies. Multiple wire EMG recorded
during dystonic activation may be helpful in determining the affected muscles,
especially those deep or not obvious on clinical inspection. Brain or spinal cord
imaging is not routinely obtained but should be done whenever there are atypical
features or signs other than dystonia on examination. In addition, imaging can be
helpful in segmental dystonia, a condition more frequently associated with a struc-
tural lesion. Similarly, genetic testing is not routinely performed for those with focal
hand dystonia, but DYT1 or DRD testing should be considered in those with sugges-
tive clinical features, early onset limb dystonia, or a family history of dystonia.

TREATMENT

The main goal of treatment in limb dystonia is usually functional improvement in the
use of the limb. However, correction of abnormal posture and relief of discomfort
are also important to some patients. With the development of hand dystonia, most
patients try to alter hand use or their environment to minimize functional disability.
For example, those with writer’s cramp try thicker pens, change their handgrip, or
switch to writing with the nondominant hand. Unfortunately, 25% to 50% of
patients who switch hands will eventually develop dystonia in the nondominant hand
(4,7). Musicians, attributing the early symptoms of dystonia to problems with tech-
nique or inadequate practice, therefore often first practice more intensely, refinger
music, adjust hand and wrist positions, or modify their instrument. Those with leg
dystonia try new shoes or orthotics.

Some patients pursue massage therapy, psychotherapy, relaxation therapy,
splinting, biofeedback, chiropractory, hypnosis, or acupuncture (105,106). However,
these approaches rarely produce sustained relief. Herbal therapies, such as geranium
oil, almond oil, and amylase enzyme treatment, and implements, such as specially
designed pens, are of no proven benefit. Physical and occupational therapy, includ-
ing the use of splints or other devices, benefit some patients but are rarely adequate
treatment by themselves.

Figure 9 Focal hand dystonia: symptoms elicited by sequential finger tapping.
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The development of new therapies for hand dystonia has recently focused on
the evolving understanding of cerebral plasticity and the role that aberrant cerebral
remodeling may play in the expression of dystonic symptoms. Both movement and
sensory-based retraining focus on trying to reverse maladapted plasticity. Sensory-
based approaches specifically try to restore normal sensory representation of the
hand and digits in the dedifferentiated cortex of dystonic subjects.

Byl had 12 patients with hand dystonia practice sensory discrimination tasks,
combining nonsimultaneous attended sensory stimulation of the fingertips with
mental imagery, muscle biofeedback to eliminate cocontraction, and movements
practiced under mirror observation (107). In this uncontrolled study, 80% of patients
had 30% to 70% improvement in both sensory and motor function after three to six
months of training.

Zeuner chose Braille reading, which requires attended, nonrepetitive movement
and tactile discrimination, as a sensorimotor task for dystonia rehabilitation. While
blindfolded, 10 patients with writer’s cramp trained the finger most affected by dys-
tonia and the two adjacent fingers to read Braille. At the end of eight weeks, five
patients had improved writing and sensory discrimination. Continued practice was
needed to sustain benefit up to 20 weeks (108).

For ‘‘sensory retuning therapy’’ of musician’s dystonia, a primarily affected
‘‘focal dystonic finger’’ is identified and rehabilitated by the performance of repeti-
tive movements with other digits, one at a time, while the remaining fingers are
splinted and immobilized. Musical play without the splints resumes after a week
and is increased as tolerated. Of 11 musicians treated with sensorimotor retuning,
none of the 3 woodwind players improved. The remaining 8 (6 pianists and 2 guitar-
ists) had improved music performance after three months of therapy. Some patients
had sustained benefit for over a year even though their training lapsed after a few
months. In others, continued practice with isolation and immobilization of the
fingers was needed to maintain benefit (109,110). Improvement in cortical somato-
sensory derangements accompanied improved performance (111).

Priori, taking advantage of ‘‘inactivity-dependent neuroplasticity,’’ explored
the benefit of four to five weeks of limb immobilization as therapy for dystonia,
based on the observation that prolonged immobilization shrinks limb motor
cortical representation in nondystonic subjects (112). Weakness and clumsiness of
the immobilized limb, present immediately after the splint was removed, was fol-
lowed one week later by improved motor performance and diminished dystonia.
Seven of eight splinted patients had at least moderate improvement for as long as
24 weeks.

Therapeutic modification of motor function has also been preliminarily
explored. Siebner applied 1 Hz repetitive transcranial magnetic stimulation (rTMS),
which can decrease cortical excitability, over the motor cortex of 12 patients with
writer’s cramp. Intracortical inhibition improved, as well as clarity of handwriting
and drawing, but improvement lasted less than a day (113). Murase compared
0.2 Hz rTMS of motor cortex, premotor cortex, and supplementary motor area
(SMA). Stimulation of premotor cortex, but not of motor cortex or SMA, improved
writing performance (114). Tinazzi used transcutaneous electrical nerve stimulation
(TENS), applied to forearm flexor muscles in 10 patients with writer’s cramp over 10
sessions of 20 minutes each (115). Writing time and handwriting clarity improved
for as long as three weeks. It was suggested that TENS activated muscle large fiber
afferents, which modulated the balance between central excitation and inhibition of
agonist and antagonist muscles.
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Peripheral nerve surgery may relieve nerve compression symptoms, if present,
but does not reverse the dystonia, except in a few patients with coexistent ulnar nerve
palsy. Charness reported that in some of the patients with dystonic symptoms and
ulnar neuropathy, symptoms of both improved when the neuropathy was treated.
Others, however, have found no improvement in dystonia with ulnar nerve release
in patients with coexistent dystonia and ulnar neuropathy (66). Carpal tunnel sur-
gery does not relieve dystonia even in patients with carpal tunnel syndrome. In leg
dystonia, tendonotomy or tendon transfer may improve posture or gait (116). Limb
amputation has been performed in severe circumstances (117).

The current experience with stereotactic brain surgery for focal limb dystonia is
limited. Stereotactic ventro-oralis (Vo) complex thalamotomy has been used, largely
in Japan, to disrupt abnormal activity in pallido-thalamo-cortical motor loops. Goto
reported remarkable improvement in hand function sustained at least six months in a
single patient with dystonic hand cramp (118), and Shibata (119) reported improve-
ment in dystonic writing tremor following such surgery. Taira performed Vo
complex thalamotomy in 12 patients with task-specific focal hand dystonia refrac-
tory to oral medication; botulinum toxin injections had not been available (120).
All patients had immediate resolution of dystonic symptoms on lesion placement,
which was sustained 13 months later. Two patients had partial recurrence, which
responded to a second thalamotomy. Iacono et al. reported improvement in leg
dystonia in patients with atypical parkinsonism who underwent unilateral pallidot-
omy (121). The use of deep brain stimulation for idiopathic hand dystonia has not
yet been reported.

In limb dystonia, oral medications are largely reserved for those with severe
dystonia or widespread involvement. Medications for focal limb dystonia, including
anticholinergic drugs, dopamine agonists and antagonists, baclofen, clonazepam
or other benzodiazepines, and muscle relaxants, are rarely effective (54,122).
Anticholinergic medication, such as trihexyphenidyl, may be the most effective oral
medications for idiopathic limb dystonia, especially for young patients with segmental
dystonia (122). Unfortunately, even anticholinergic medication is seldom more than
minimally helpful, and its toxicity often outweighs the limited benefit (123). Oral or
intrathecal baclofen may be helpful in relieving limb dystonia in patients with CRPS,
and l-dopa can successfully treat dystonia in both DRD and Parkinson’s disease.

Options for neuromuscular blockade or neurolysis include phenol or botuli-
num toxin injection. Phenol, which can only be used on pure motor nerves, is not
an option for focal hand dystonia, but may be helpful in lower limb dystonia. A case
report described a patient with leg dystonia who responded to phenol but not botu-
linum toxin injection (101).

The treatment of choice for focal limb dystonia is currently botulinum toxin
injection. It has been 15 years since the initial reports demonstrating efficacy of botu-
linum toxin for limb dystonia (124–126). Botulinum toxin has been shown to be safe
and effective without the systemic effects of oral medications. Botulinum toxin injec-
tions may also be safely combined with oral medications and nonpharmacological
therapies.

When used for limb dystonia, proper selection of muscles for injection is cru-
cial. A single muscle or combinations of muscles is chosen for injection on the basis
of clinical examination, patient report of tightness, and, if needed, EMG evidence of
excessive muscle activation. When using botulinum toxin for limb dystonia, it is not
always necessary to inject every muscle involved in the dystonia. Some patients
respond well to injection of one or a few of the muscles that are the main source
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of disability or discomfort. For focal hand dystonia, forearm muscles, especially
wrist and finger flexors, most often require injection; treatment of proximal muscles
is needed less frequently. Segmental dystonia of the upper extremity, however,
requires injection of proximal arm, shoulder, and chest wall muscles. Since the
pattern of internal rotation and adduction of the arm with shoulder elevation is
common, the muscles most frequently injected are teres major, latissimus dorsi, tra-
pezius, and pectoralis major. When injecting muscles of the chest wall, particular
care must be taken not to pierce the pleura, causing a pneumothorax. Since the most
common pattern of leg dystonia is foot inversion and plantar flexion, the most fre-
quently injected muscles for leg dystonia are tibialis posterior and flexor digitorum
longus. A high dose of toxin is often needed for these large leg muscles. Higher doses
than might be predicted on the basis of muscle size may be required for injection of
foot intrinsic muscles such as the flexor digitorum. The use of electromyographic
guidance enhances the accuracy of injection localization in limb muscles (127).

While the efficacy of botulinum toxin in limb dystonia may largely be due to
its peripheral action, neuromuscular junction blockade, there is also evidence of
central effects. Botulinum toxin injection can at least temporarily reverse some cen-
tral physiologic abnormalities characteristic of dystonia including the loss of long
latency inhibition (128), cortical motor map distortion (45), and intracortical inhi-
bition (129).

Sixty percent to 80% of patients treated for focal hand dystonia have more
than minimal improvement lasting approximately three months (130–134). After
three to four injection sessions, most patients have a stable response to treatment
and, in the absence of antibody development, benefit can be maintained for years
with repeated injections, usually with little change in the muscles injected or in dose.
Thirty percent to 50% of patients continue botulinum toxin injection for limb dysto-
nia for longer than two to five years (130,131,134,135). Other than atrophy in the
injected or adjacent muscles, there have been no reports of long-term, adverse effects
with repeated botulinum toxin injections.

Although botulinum toxin helps with excessive tightness and abnormal pos-
ture, it is less effective in correcting the loss of fine motor control present in dystonia.
Hence, musicians may not be able to continue professional performance, even if the
dystonia is greatly improved (123).

There are no controlled studies of botulinum toxin for lower limb dystonia, but
such patients have been described in case reports and included in larger studies of
botulinum toxin use. Singer, in a description of adult-onset leg dystonia, noted benefit
from botulinum toxin in both of two patients treated (103). Botulinum toxin appears
to be equally effective for idiopathic and symptomatic leg dystonia, including that asso-
ciated with Parkinson’s disease and levodopa treatment (100,102,126,136,137). Similar
to the treatment of arm dystonia, symptoms usually begin improving within one to
two weeks, and the benefit lasts about four months (137).

The botulinum toxin treatment of hand and arm dystonia, but not leg dystonia,
is usually accompanied by muscle weakness that may be as disabling as the
dystonia. There is no correlation between the degree of weakness and magnitude
of the benefit produced—the balance between benefit and weakness in a given
individual is unpredictable. Some patients have almost complete relief of symptoms
with little weakness; others have pronounced weakness with only minimal improve-
ment in their dystonia. Therefore, the acceptability of botulinum toxin treatment lies
with the patient who needs to decide if the benefit achieved outweighs any transient
weakness incurred.
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Patients with symptomatic secondary dystonia, such as corticobasal ganglionic
degeneration, Parkinson’s disease, CRPS, or poststroke dystonia, may develop
tightly clenched fists (Fig. 10). Even though hand function cannot be restored, botu-
linum toxin injection may allow the hand to be opened, enhancing patient comfort
and allowing improved palmar hygiene (138,139). Higher doses of toxins may be
required in patients with symptomatic secondary dystonia than in those with idio-
pathic hand dystonia.

SUMMARY

Limb dystonia may arise as an idiopathic focal disorder, usually of adult onset, as
part of generalized idiopathic dystonia or as secondary dystonia. Significant progress
has been made in recent years in understanding the pathophysiology of focal hand
dystonia, particularly the importance of somatosensory involvement and the
aberrant sensorimotor remodeling that occurs with repeated use of the hand and fin-
gers. This knowledge is now being applied to the development of novel therapies that
address the underlying cerebral basis of the dystonia. Until the potential of such
therapies is realized, botulinum toxin injection remains the most effective treatment
for limb dystonia.
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INTRODUCTION

Spasmodic dysphonia (SD) is considered a focal laryngeal dystonia in which a
patient experiences inappropriate laryngeal muscular contractions during speech.
The most common form, adductor SD, produces inappropriate muscle contraction
causing excessive glottal closure and a strained and strangled speaking pattern.
Abductor SD is less common, and results in a persistently open glottal configuration
with breathy breaks or a whispering speaking pattern. Although the task specificity
for focal laryngeal dystonia has been observed mostly for speech, there is a low inci-
dence of adductor breathing dystonia that may produce inspiratory stridor. The
etiology of laryngeal dystonia falls into the same categories as forms affecting other
areas of the body. Drug-induced glottic dystonic reactions have been described caus-
ing acute upper airway obstruction necessitating intubation (1,2,2a).

The gold standard of treatment for laryngeal dystonia is electromyography
(EMG)-guided botulinum toxin (BTX) injections into the affected musculature. Med-
ications may also ameliorate symptoms, but rarely have a significant impact. Multiple
surgical interventions have been performed, many of which have fallen out of favor as
recidivism is seen over time. Selective denervation–reinnervation procedures have
shown promising preliminary data, but long-term results are still to be evaluated.

HISTORY AND BACKGROUND

Traube first described SD in 1871 within a treatise detailing the effects of typhus
on the larynx:

The spastic type of nervous (neurologic) hoarseness was observed by Professor
Traube in a hysterical young girl. The very hoarse, almost aphonic patient could,
with great strain, only produce very high, whistle-like sounds (3). (Translation
from German courtesy of A.F. Jahn, MD).
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Critchley provided a similar description in 1939: ‘‘there results a peculiarly
forced character in the speech, which appears difficult of accomplishment, almost
as though the patient were trying to talk whilst being choked’’ (4). These and similar
descriptions promoted the assumption that this was a psychological disturbance, an
unfortunate categorization that may have been further supported by the unique
characteristics of the disease such as task and even word specificity, fluctuation of
symptoms, co-occurrence of anxiety and depression, female preponderance, worsen-
ing in stressful situations, and relief with anxiolytics.

Aronson (5) reviewed SD and other hyperfunctional voice disorders in detail
and proposed that this symptom complex could arise from a neurologic etiology. This
conclusion was based on the high incidence of associated neurologic signs—including
tremor and other cranial dystonias. Additionally, psychological testing did not dis-
criminate between patients with SD and normal controls, indicating an organic as
opposed to a psychiatric etiology. Dedo (6) reported a dramatic and immediate
normalization of voice among individuals after transection of the recurrent laryngeal
nerve (RLN), further suggesting an organic cause. Abnormalities in autonomic func-
tion (7) and abnormal V-wave latencies from brainstem auditory-evoked potential
testing (8–10) implied a central defect, further supported by the lack of consistent
abnormalities in histologic studies of the RLN (11,12), and intrinsic laryngeal muscles
(13). Functional studies with EMG show that electrical patterns during whispering
and non-speech tasks were not different between affected individuals and normal con-
trols (14), and during speech, if aphonic intervals were excluded, electrical patterns
were otherwise normal (15). In general, neuroimaging studies have failed to identify
consistent anatomic abnormalities among individuals with SD (16,17).

In 1980, Jacome and Yanez (18) postulated that SD was a disorder of the extra-
pyramidal system based on the frequent coexistence with other cranial dystonias and
tremor, and the lack of morphometric abnormalities of the RLN in these patients.
Marsden and Sheehy (19) in 1982 again noted the frequent coexistence of SD with
Meige disease and further concluded, ‘‘since SD may occur in the same syndrome,
it is quite likely that isolated SD itself may be a sole focal manifestation of dystonia’’
and classified cases of SD as examples of isolated focal laryngeal dystonia. Blitzer
et al. in 1985 reviewed EMGs of the laryngeal musculature in focal and generalized
dystonia, further supporting SD as a focal dystonia (20).

The exact etiology of dystonia remains unknown. Dedo felt that proprioceptive
abnormalities might exist in these individuals who might be altered after unilateral
section of the RLN (6) and might account for bilateral amelioration of spasmodic
activity. Bielamowicz and Ludlow noted an improved EMG signal in contralateral
thyroarytenoid and cricothyroid muscle groups after unilateral BTX injections and
hypothesized that a central reduction in motor neuron activity due to altered sen-
sorimotor feedback could explain these findings (21). Additionally, successful BTX
injections given to one dystonic muscle group often is associated with improvement
of spasms in other muscle groups without treatment. Currently, most theories impli-
cate SD as a disorder of motor circuitry rather than a structural defect in a particular
cortical or subcortical structure (22).

EPIDEMIOLOGY

Blitzer and Brin (23) published one of the largest studies of SD in 1998, reviewing a
12-year experience of 901 cases of laryngeal dystonia treated with injections of BTX.
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Of these cases, 70% were isolated to laryngeal involvement and the remainder with
either segmental cranial or generalized dystonia. The majority (82.5%) were classified
as a primary dystonia. There was a 63% female preponderance and 12% had a family
history of dystonia. In this group, 82% were of the adductor type, 17% of the abduc-
tor type, and 1% had adductor breathing dystonia. The average age of onset was 39
years. Of patients with primary laryngeal involvement, 14% to 16% (23,24) had
eventual spread to other areas of the body; therefore, patients with laryngeal dysto-
nia should be examined on a regular basis.

DIAGNOSIS

The diagnosis of SD relies on clinical history, voice analysis, and physical exam
including flexible fiberoptic laryngoscopy. SD is a chronic adult onset disorder,
although some children with generalized dystonia may have laryngeal involvement.
Patients often first notice their symptoms after an illness, during a period of increased
stress, or during a public speaking venue. Some individuals describe a gradual onset
with symptoms noted only during periods of stress or increased speaking demands,
others describe a sudden occurrence that may be related to an illness or life event.
Almost all individuals remark that symptoms are markedly exacerbated or more
acutely perceived when speaking on the telephone. Speech may be better on awaken-
ing in the morning or after an alcoholic drink. Although the symptoms can wax and
wane, there is almost always some sense of presence of the disorder. Certain words or
combinations of words will be more difficult to say, depending on the type of SD.
Individuals usually report that singing, laughing, yelling, and falsetto are relatively
spared. Cough and swallow, along with other vegetative laryngeal tasks, are pre-
served. Vocal tremor is frequently coexistent.

Vocal characteristics vary depending on the type of SD. Patients with adductor
SD have a characteristic strained, strangled, effortful speech with vocal breaks and
frequency shifts. There is often a reduction in loudness and prosody. These indivi-
duals have spasmodic hyperadduction during tasks in which the vocal folds are
already adducted to create voiced sounds such as vowels. So, instead of creating
the appropriate degree of glottic closure to allow controlled airflow past the vocal
folds, creating vocal fold vibration and consequently sound, the larynx squeezes
shut, completely interrupting the airflow through the glottis, thereby precluding
sound formation. These patients will have difficulty with sentences containing a pre-
dominance of voiced consonants and vowels such as ‘‘We mow our lawn all year’’ or
counting from 80 to 90.

Patients with abductor SD have a breathy, although still effortful, voice quality
with aphonic whispered segments. These are particularly marked when attempting to
phonate a vowel after a voiceless consonant such as /p/, /f/, /t/, /s/, /d/, /k/, or /h/.
During the voiceless consonant, the cords are held apart so that no vocal cord vibration
is created and the sound is thereby formed, not at the glottic level, but rather at the lips
(/p/,/f/), tongue/teeth (/t/, /s/, /d/, /k/), or oropharynx (/h/). To experience the
difference between voiceless and voiced sounds try saying a prolonged /f/ and then
transitioning to a /v/. The oral cavity, tongue, and pharyngeal articulators are held
in the same position with the two sounds, but when transitioning from /f/ to /v/, the
glottis is engaged to add phonation. The same can be experienced when transitioning
from /s/ to /z/. Abductor SD patients have hyperabduction of the vocal folds during
the voiceless consonant and then have trouble overcoming this opening spasm to

Spasmodic Dysphonia 181



bring the folds together to create a voiced vowel sound. Examples of sentences that these
individuals have particular difficulty with are ‘‘Harry had a hard head,’’ ‘‘The puppy bit
the tape,’’ or ‘‘Taxi.’’

Patients experiencing spasms in both adductor and abductor groups are
occasionally seen. These individuals can be quite challenging, as appropriate treat-
ment may only be determined after treatment of the individual muscle groups singly
has failed. Cannito and Johnson proposed that abductor and adductor abnormalities
exist in all patients and the final symptoms depend on the net abnormal activity of
the laryngeal musculature (25).

Some individuals with SD exhibit compensatory behavior in an effort to over-
come their spasms. This is most common in adductor SD in which individuals will
exhibit compensatory abduction producing a breathy voice by whispering or incom-
plete contraction of the vocal folds. Compensatory adduction in abductor dysphonia
is rare. These behaviors can create diagnostic confusion with functional voice disor-
ders such as muscle tension dysphonia in which there is no neurologic defect and
often responds to speech therapy and psychological counseling. In an effort to find
better diagnostic markers, Sapienza et al. performed acoustic analysis of 10 patients
with SD compared to 10 patients with muscle tension dysphonia and found voice
breaks only in the SD group (26). Other experienced clinicians firmly believe that.
While voice breaks may be a pathognomonic sign of SD, these are not a requirement
for the condition (Bastian RW. Personal communication).

Adductor breathing dystonia is a rare laryngeal movement disorder that,
unfortunately, is task specific for breathing. Patients have a normal voice, cough,
and swallow but have adduction of the vocal folds during inspiration and with sniff-
ing. Although individuals can exhibit alarming inspiratory stridor, they rarely
become hypoxic and their breathing is normal during sleep.

On flexible fiberoptic laryngeal exam, the patient should have normal anatomy
with no evidence of extreme inflammatory mucosal disease. In general, the patient
should exhibit a normal glottic aperture and movement with vegetative laryngeal
tasks such as sniffing, coughing, and swallowing. The patient is then asked to perform
eliciting speech tasks as described above. For adductor SD, the patients will have
excessive glottal closure with false vocal fold approximation (Fig. 1). For abductor
SD, the patient will have hyperabduction of the vocal folds with the appearance of
a delay in closure of the vocal fold or ‘‘hanging’’ of the arytenoid with speech tasks.
Patients with adductor breathing dystonia will have vocal fold adduction with inspi-
ration and with sniffing maneuvers, but this will not affect speech or swallowing.

It is strongly suggested that all patients exhibiting signs and symptoms of SD
be evaluated by both a neurologist and an otolaryngologist with an interest or spe-
cialization in movement disorders to confirm the diagnosis, exclude other body part
involvement, examine for additional neurological signs or symptoms, and discover
causative disorders (e.g., Wilson’s disease, multiple sclerosis, and storage diseases).

TREATMENTS

Botulinum Toxin

Transcutaneous EMG-guided injection of BTX is the gold standard for the treat-
ment of SD. Most individuals will report an excellent effect, and it can temporarily
restore the voice to near normal with both a reduction in voice breaks and an effort
required for speaking. The specific adductor or abductor muscle groups responsible
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can be targeted and the dose can be titrated to produce just enough weakness to
relieve spasm in target muscles without causing unnecessary weakness in neighboring
muscles resulting in dysphagia, prolonged breathiness (adductor), or airway compro-
mise (abductor). Rarely is the dose high enough to cause frank paralysis of the tar-
geted muscle group.

The thyroarytenoid or lateral cricoarytenoid are usually targeted for adductor
SD (Fig. 2). If too high of a dose is given, the patient may experience excessive breathi-
ness from an inability to fully adduct the vocal folds, or dysphagia from diffusion of
toxin to the pharyngeal constrictors. The initial dose is one unit bilaterally, which can
be titrated up or down depending on each individual’s response weighed against their
side effect profile. Some patients are remarkably sensitive and we have successfully
used doses of less than 0.1 units to achieve spasm amelioration. Some patients do well
with a higher dose given unilaterally, alternating the side and decreasing the injection
interval. In especially refractory patients, injection of supraglottic musculature, the
cricothyroid (27), or the interarytenoideus has shown success (28).

The posterior cricoarytenoid muscle is targeted for abductor SD (Fig. 3).
Although there are differences in technique, most authors favor doses only unilater-
ally during a session because bilateral abductor weakness can lead to stridor and

Figure 1 (A) Normal vocal fold abduction, as for inspiration. (B) Normal vocal fold adduc-
tion, as during phonation. Note that the true vocal folds approximate but do not squeeze
together overly tightly, thus permitting controlled airflow past the true vocal folds to create
sound. (C) Laryngeal spasm or hyperadduction, as with adductor SD. Note the tight, almost
overlapping closure of the true vocal folds, and also the closure of the false folds over the true
folds. The larynx also appears shortened in the anterior–posterior diameter due to the sphine-
teric contraction of the supraglottic structures. Note: E, epiglottis; A, arytenoid; F, false vocal
fold; T, true vocal fold. Abbreviation: SD, spasmodic dysphonia.
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airway obstruction requiring tracheotomy. All patients are evaluated with flexible
fiberoptic exam prior to any injection to determine which cord has the strongest
abductor spasms and verify an adequate glottic aperture. The usual starting dose is
3.75 units unilaterally. If abductor spasms are satisfactorily ameliorated, the patient
can return in two weeks for reevaluation at which time a booster can be given to
the original side, or a carefully planned dose can be given to the contralateral side.
Individuals requiring injection of bilateral posterior cricoarytenoid muscles for speech
benefit may be treated in a staggered fashion at a two-week interval, always evaluating
the airway endoscopically prior to injection to assure an adequate glottal aperture.

Excellent results from adductor SD toxin injections are well accepted. In a ser-
ies (23) of 901 patients treated over 12 years evaluating 6280 injection sessions, the
average dose was one unit bilaterally producing an effect in 2.4 days and achieving a
rate of nearly 90% of normal function (37% average improvement) lasting 15 weeks.
Mild breathiness occurred in 35% of patients lasting for less than one week and 15%
described mild coughing when drinking fluids.

In the same series, abductor SD was successfully treated with staggered injec-
tions to the posterior cricoarytenoid (PCA) muscle in 80% and unilateral injections
in 20%. The average dose was 3.2 units to one side and 0.6 to 2.5 units to the contral-
ateral side two weeks later. The effect lasted 10.5 weeks and achieved a rate of 70% of
normal function (43% average improvement). Because these patients did not achieve
the same degree of voice normalization, 30% received additional systemic agents
including clonazepam, trihexiphenidyl, or baclofen.

Although no cases of resistance due to antibody formation in patients injected
solely for laryngeal dystonia have been reported, some patients may respond to one
isoform of toxin better than another. For this reason, if subjects do not demonstrate

Figure 2 This image shows the laryngeal landmarks drawn on the skin and the technique for
injection of the thyroarytenoid muscle for adductor spasmodic dysphonia (SD). The needle
electrode is inserted at the midline through the cricothyroid membrane, the tip is directed
submucosally, in a rostral and lateral direction toward the superior thyroid cornu. Correct
placement is verified with phonation.
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good response with BTX, type A, a trial of BTX, type B should be considered (29).
The relative toxin potencies are a bit different with dose ratio being approximately
55:1 (Myobloc units:Botox units) with an onset of two days, benefit of 10 weeks,
and a more abrupt offset (30).

Oral Medications and Voice Therapy

Oral medications such as muscle relaxants, anxiolytics, anticholinergic drugs, or
beta-blockers are usually not effective as primary therapy, but may be useful as an
adjunct, or agent to prolong the duration of improvement from BTX injection. Voice
therapy is generally unsuccessful as a sole treatment, although may be essential to
diagnosis and prevention of unwanted compensatory patterns. Use of breath support
strategies and easy onset phonation may prolong the duration of benefit from toxin
in patients with adductor SD (31).

Surgery

The first surgical therapy for adductor SD was the RLN section by Dedo, first
reported in 1976 (6). Initially, patients demonstrated a dramatic normalization of
voicing, although over time a failure rate of up to 64% was noted (32). Overcompen-
sation of the normal cord with central exaggeration of the dystonic symptoms was
implicated, as the cause of recurrent spasms and thinning of the vocal fold with lasers
was used as salvage (33), although with only temporary success. Neural regeneration

Figure 3 This image demonstrates rotation of the larynx to allow injection of the posterior
cricoarytenoid muscle for abductor spasmodic dysphonia (SD). The thumb of the noninjecting
hand is hooked behind the posterior edge of the thyroid lamina to rotate the larynx away and
expose the posterior aspect. The needle is inserted at the level of the cricoid ring, transversing
the inferior constrictor until it stops against the rostrum of the cricoid cartlage. Correct place-
ment is verified with the sniffing maneuver.

Spasmodic Dysphonia 185



was discovered during re-exploration (34), but even with subsequent avulsion of
a segment of the recurrent nerve, significant recidivism was seen over long-term
follow-up (35).

Several procedures designed to mechanically relax the vocal folds through
alterations in the laryngeal framework have been attempted (36,37). Although suc-
cessful in isolated centers, the results are not widely reproducible and have not
gained general acceptance.

In 1999, Berke developed a selective adductor denervation/reinnervation sur-
gery, which has shown promising preliminary results (38). This procedure involves
section of the adductor branch of the RLN, which supplies the thyroarytenoid
and lateral cricoarytenoid muscles of the glottis (the adductor muscles that are tar-
geted by routine BTX injections) and immediate reinnervation using microsurgical
technique to a branch of the ansa cervicalis (originating from the cervical spinal
nerves C2 to C4 and the hypoglossal nerve). The procedure is performed bilaterally
at the same sitting. Gross vocal fold mobility is preserved because the RLN branches
are divided distal to the interarytenoideus (adductor) and posterior cricoarytenoid
(abductor) branches. Postoperatively all patients can expect three to six months of
moderate breathiness, and 10% experience temporary aspiration. Because this
procedure creates a permanent alteration in laryngeal function and significant
short-term vocal dysfunction, it should only be performed in patients with relatively
severe symptoms.

The premise of this operation is intriguing. Re-anastamosis of the recurrent nerve
with a different nerve accomplishes three things: (i) prevents reinnervation by neigh-
boring branches of the vagal plexus, which is a potential cause of failure of the RLN
section procedure, (ii) permits reinnervation by a nerve that is controlled by a different
part of the brain than that causing the laryngeal dystonia, (iii) preserves tone to the
vocal fold, thereby preventing muscular atrophy. The original report described 19
of 21 patients with ‘‘absent to mild’’ dysphonia and a median follow-up of 36 months.
Other groups have duplicated the surgery, although with a slight decrement in success
rate (39). Long-term follow-up is still pending on this procedure.

Another procedure with promising initial results is surgical thinning and resec-
tion of the dystonic muscles. This has been predominantly performed for adductor
SD. The original studies were performed in rabbits in which a portion of the thyroar-
ytenoid muscle was resected via a window in the thyroid cartilage causing permanent
decrease in the muscle mass without disturbing the vibratory edge (40). This has been
performed with promising preliminary results under local anesthesia in humans (41).
One concern that has been raised is that eye, limb, and cervical dystonias have never
been successfully treated with muscular resection, which often causes an initial ameli-
oration of symptoms with an eventual expression of dystonic contractions in another
muscle group. Long-term follow-up needs to be evaluated before the true efficacy of
these procedures can be determined.

Very preliminary reports have theorized potential applications of the vagal
nerve stimulator (42) and deep brain stimulation for SD, although no formal studies
are available to date.

CONCLUSIONS

SD is classified as a focal laryngeal dystonia. To date, the majority of interventions is
targeted at the end organ and provides only symptomatic control. As in the classical
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geste antagoniste, the central nervous system eventually adapts to the change created
in the neural inputs by these interventions and returns to sending out an inappropri-
ate signal to the involved muscles. Future developments will hopefully target the
central nervous system through medical or surgical means in hope of durable cure.
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Embouchure and Other Task-Specific
Musician’s Dystonias

Steven E. Lo and Steven J. Frucht
The Neurological Institute, Columbia University Medical Center,
New York, New York, U.S.A.

INTRODUCTION

Embouchure and hand dystonias are the two major forms of focal dystonia affecting
musicians. Both fall under the category of focal task-specific dystonias (FTSDs),
which by definition affect only one part of the body and are triggered solely during
performance of specific activities (1). Depending on the task involved, FTSD can be
a functionally devastating disorder for patients who derive their livelihood from the
task. In the case of musicians, especially those who are professional performers or
instructors, this can be a particularly disabling condition that may lead to loss of
confidence and career. Unlike most other FTSDs, the manifestations of musicians’
dystonia are both audible and visible (1).

The embouchure refers to the complex pattern of lower cranial muscles used by
woodwind and brass musicians to play their instruments by exquisitely controlling
the amplitude and force of airflow into the mouthpiece (2,3). It consists of 11
perioral muscles as well as the tongue and various jaw muscles (Fig. 1) (1). Hand dys-
tonias affecting musicians typically involve fingers, the wrist, or any combination of
distal extremity structures. The end result in both embouchure and hand dystonia is
the loss of automatic, coordinated motor performance. Musicians of virtually every
instrument have been affected, including bowed string instruments (violin, viola, and
cello), plectrum or plucked strings (guitar, banjo, lute, mandolin, harp, and Japanese
koto), keyboard (piano, accordion, organ, and harpsichord), woodwinds (flute, clari-
net, saxophone, oboe, and bassoon), brass (French horn, trumpet, trombone, and
tuba), and percussion instruments (drums and tablas) (1,4).

In this chapter, we review the historical background and discuss the epidemi-
ology, clinical features, and predisposing factors for these two forms of musician’s
dystonia. We also review the long-term course, proposed pathophysiologic mecha-
nisms and potential therapies for this intriguing disorder.
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HISTORICAL BACKGROUND

FTSDs were first described nearly 300 years ago, when the Italian physician
Bernardino Ramazzini revised the treatise, Diseases of Workers, in 1713 (5–7). Sir
Charles Bell also reported a case of focal dystonia in 1830, (1) and several decades
later in 1864 Samuel Solly described scrivener’s palsy, or what is now referred to as
writer’s cramp. Throughout the rest of the 19th century, reports of other occupational
hand cramps surfaced, such as those affecting shoemakers, tailors, and telegraphists.
These occupational cramps were also referred to as ‘‘craft palsies,’’ ‘‘occupational
neuroses,’’ ‘‘occupational spasms,’’ and ‘‘professional impotence’’ (8,9).

For musicians, it appears that the first case was reported in 1853 by Romberg,
who described a pianist with task-specific thumb flexion (10). This patient had been
treated by Stromeyer in 1840, apparently successfully, with a tenotomy (6,11). In
addition, Bianchi reported in 1878 a flutist with left fourth digit cramping while play-
ing, who was allegedly cured with a combination of galvanic current to the spine and
injections of nitrate of strychnia (11,12).

In 1888, an amazingly detailed account of writer’s cramp is given in Sir William
R. Gowers’ book, A Manual of Diseases of the Nervous System (13). Gowers defined
occupational cramps as ‘‘a group of maladies in which certain symptoms are excited
by the attempt to perform some often-repeated muscular action, commonly one that
is involved in the occupation of the sufferer.’’ Gowers also mentions the many occu-
pations that have exhibited focal hand cramps, including musicians:

Among other occupations which have been known to lead to the development of
cramp and have given names to special varieties, are those of . . . pianoforte
players, violin players, seamstresses, telegraphists, smiths, harpists, artificial flower

Figure 1 A lateral view of the muscles of the embouchure. Key: M, modiolus; 1 and 12, orbi-
cularis oris; 2, levator labii sup. alaeque nasi; 3, levator labii superioris; 4, levator anguli oris;
5, zygomaticus minor; 6, zygomaticus major; 7, buccinator; 8a, risorius (masseteric strand); 8b,
risorius (platysma strand), 9, depressor anguli oris; 10, depressor labii inferioris; 11, mentalis.
Source: From Ref. 3.
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makers, turners, watchmakers, knitters, engravers, masons, compositors, enamel-
lers, cigarette makers, shoemakers, milkers, money counters and zither players.

Although Gowers was the first to use the term ‘‘occupational neurosis’’ in writ-
ings, it is doubtful that Gowers was implying a psychological mechanism for these
hand disabilities (6,8). Nonetheless, at points in time in the first-half of the 20th cen-
tury, FTSDs were indeed viewed as psychogenic (6,14).

One year prior to the publication of Gowers’ book, George Vivian Poore
published the first large series of musicians with professional disability, focusing in
particular on pianists (15). Although all of the musicians were clearly impaired, Poore
was astute enough to recognize that the vast majority of the cases did not actually fit
the pattern for a FTSD (1). Citing the task-specific nature of writer’s cramp, Poore
noted that the pianists had a general disability of their affected limb for nearly all
tasks, as well as prominent pain, and hence Poore cast doubt on the similarity between
musicians’ disability and true FTSDs. Despite this, Poore did recognize the devastat-
ing impact any form of hand impairment could have on musicians:

When I use the word ‘‘minor,’’ please remember that they are minor only to our
eye, and in a pathological sense; they are often of maximum importance to the
sufferer, who possibly sees his livelihood in jeopardy, because his hand has forgot-
ten its cunning.

Twentieth century detective work by J. Garcia de Yebenes suggests that the
great 19th century pianist and composer Robert Schumann had a task-specific pian-
ist hand cramp (16). Schumann, born in 1810, was a gifted pianist but by his early
20s was forced to give up piano performance due to an intermittent task-specific
impairment of right second and third fingers. The cause for this focal difficulty
remains unknown, and Schumann considered reasons such as excessive practice time
and practicing on a very hard wooden clavier. Others have attributed Schumann’s
hand and finger dysfunction to use of a finger-stretching device, known as a ‘‘cigar,’’
which was used by many piano students at the time. However, de Yebenes provided
historical evidence that suggests a dystonic process, citing Schumann’s complaints of
pain and rigidity in fingers with twisting overflow to adjacent muscles, its apparent
manifestation only with piano playing and its fluctuation in relation to stress, and
the possible progression later in life to affect handwriting, as all being features of
idiopathic dystonia. de Yebenes also argues against other possible etiologies, such
as entrapment neuropathies, fractures, and syphilis. Although we may never ulti-
mately know what ailed Robert Schumann, the possibility of a focal hand dystonia
being the culprit remains an intriguing hypothesis.

In more recent times, the public announcement of pianist Gary Graffman
in 1981 that he was afflicted with FTSD spurred an interest in performing arts
medicine (17). The first American performing arts medicine clinic was started at the
Massachusetts General Hospital where Graffman was diagnosed, and within a few
years the Performing Arts Medicine Association was created (18). And after nearly
30 years of suffering without a clear diagnosis, world-renown pianist Leon Fleisher
was finally given a diagnosis of focal dystonia in 1991, also of right hand. For decades,
Maestro Fleisher had all but confined repertoire to musical pieces for the left hand
alone. After receiving botulinum toxin (BoTN) injections at the National Institutes
of Health, Fleisher has regained enough control and flexibility of right hand and fin-
gers to allow Fleisher to once again play with two hands. Maestro Fleisher now serves
as a major spokesperson and Musical Advisory board member for Musicians with
Dystonia, a program entity of the Dystonia Medical Research Foundation (19).
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EPIDEMIOLOGY

The epidemiology of FTSD has not been well studied. Nutt and colleagues estimated
the incidence of focal dystonia to be 24 per million per year, with a prevalence of 295
per million (20). However, only 13% of their focal dystonia cases had writer’s cramp,
and there was no mention of musician’s dystonia (11). For musician’s dystonia,
epidemiologic data are derived from the experience of specialized performing arts
medical centers.

Embouchure Dystonia

Compared to focal hand dystonias in musicians, embouchure dystonia (ED) is much
rarer. Although there is no formal study comparing the two forms of musician’s
dystonia, by pooling the data of several major series reporting dystonia among musi-
cians, approximately 600 cases of limb involvement may be compared to nearly 100
cases of embouchure involvement. The first detailed series of musicians with ED was
reported by Lederman, (6) whose four musicians (all male) had an average age of
dystonia onset of 36.5 years. Brandfonbrener later described 11 patients (eight males
and three females) whose mean onset was 39.8 years (21). Charness and colleagues
also briefly mentioned three cases of oromandibular dystonia in their large musi-
cians series, but details were not given (22). More recently, Frucht and colleagues
reported the largest detailed series of ED patients, with 20 male and 6 female musi-
cians and a mean onset age of 37.9 years (3). Since publication of this paper, these
authors have collected an additional 50 patients with ED.

The average of onset for ED was comparable in the above three series. There
was also a clear male predominance, which is replicated in the data for hand dysto-
nias. The majority of instruments in these ED series were brass, with 33 brass
compared to 8 woodwinds. Although there may be a degree of referral bias from
one center to another, there appears to be a clear predominance of brass instrument
involvement. It is possible that brass musicians have a particular vulnerability to
developing ED, given the significantly high pressure placed on brass mouthpieces
compared to those in woodwind reeds.

Hand Dystonia

The prevalence of hand dystonia in musicians is unknown but estimated to be
between 0.5% and 1% of performing musicians (11,23,24). There have been multiple
large series of musicians with hand dystonias, again primarily arising from perform-
ing arts medical centers. Approximately, 5% to 15% of musicians who seek care at
performing arts medical centers present with a focal dystonia, with the majority of
these related to the hand (6,8,25–27).

The majority of patients in these series were professional musicians, usually
performers or teachers. The mean age of dystonia onset in these series ranged from
31 to 34 years (range 16–70 years) (6,8,9,11,22,25,26). This is comparable to data
from writer’s cramp patients, where the mean onset age was 38.4 years (Table 1) (28).

There is a significant male predominance seen, with male to female (M:F)
ratios generally ranging from 2:1 to 3:1, but as high as 7:1 in one recent large series
(27). This gender predisposition is particularly striking when compared to all other
playing-related disorders, where the M:F ratio is approximately 1:1.6 (11). Charness
and colleagues reported 28 musicians with FTSD and evidence of ipsilateral ulnar
neuropathy, evident clinically and/or by electrophysiologic testing (22). In this
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group there was loss of the male predominance; in fact, the M:F ratio significantly
reversed to 0.87:1 when compared with the dystonic patients without ulnar neurop-
athy. The significance of this change in gender prevalence in this group with a
corresponding peripheral lesion is uncertain, but may suggest that these patients
are inherently different than other musicians who develop hand dystonia without
a suspected cause or trigger.

CLINICAL FEATURES

Embouchure Dystonia

In order to discuss dystonia of the embouchure, we must first review the basic fea-
tures of this unique anatomical–functional region. Most nonmusicians, and indeed
even many nonbrass/woodwind musicians, do not appreciate the extraordinary
demands that brass/woodwind instruments; place on the muscles of the lower face
and tongue (29,30). The embouchure not only is responsible for the considerable
force needed for sound production, but also exquisitely modulates airflow, changing
the timbre, pitch, and articulation of that sound (31). Brass instrumentalists position
both upper and lower lips inside the ring of the mouthpiece, and as air passes
through the narrow opening the lips vibrate. Brass players control the pitch of each
note by minutely changing the tension and size of the lip opening. The perioral mus-
cles involved in exquisitely controlling lip opening/tension include the paired levator
and depressor anguli oris, the levator labii superioris, depressor labii inferioris, zygo-
maticus major and minor, and the buccinator (Figs. 1 and 2). The tongue assists in
articulating separation of notes. Any deviation of lip closure or jaw positioning that
lead to air leakage in the embouchure will lead to impaired sound production (2,3).

In the first reported small series of ED patients, Lederman described four musi-
cians (trombone, French horn, trumpet, and bassoon) with symptoms of lip and
cheek spasm as they attempted to play, leading to diminished embouchure control (6).
The bassoonist actually had segmental involvement, with tongue, lips, jaw, and larynx
involved. Loss of embouchure seal around the mouthpiece was particularly problematic
for the French horn musician. Later, Lederman reported seven more ED patients, (11)
and with Schuele described six additional ED cases (two bassoon, two clarinet, and two
flute), with symptoms of tremulous jaw movements, lateral pulling of the chin, involun-
tary jaw closure, and tongue protrusion (32). Brandfonbrener had 11 initial patients

Figure 2 A frontal view of the muscles of the embouchure. Key: M, modiolus; 1 and 12,
orbicularis oris; 2, levator labii sup. alaeque nasi; 3, levator labii superioris; 4, levator anguli
oris; 5, zygomaticus minor; 6, zygomaticus major; 7, buccinator; 8a, risorius (masseteric
strand); 8b, risorius (platysma strand), 9, depressor anguli oris; 10, depressor labii inferioris;
11, mentalis. Source: From Ref. 3.
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with ED (seven brass, one clarinet, and one flute) and later provided updated data on 16
patients (13 brass and 3 flutists) (21,25).

In recent years, Frucht and colleagues have reported with significant detail sev-
eral cases of ED (31,33). In two cases of French horn ED, the major complaint was
an insidious decline in ability to play with loss of precision due to task-specific lip
separation, which resulted in loss of air seal. The patients illustrated many common
features of ED, including lack of pain, lack of an identifiable sensory trick, and pres-
ence of a change in technique shortly prior to ED onset. Both horn players also
developed a similar disability with drinking from a soda bottle, with separation of
lips leading to dribbling of liquid. This suggests that the soda bottle opening
resembled French horn mouthpieces sufficiently enough that it also served as a
task-specific trigger for the dystonia.

Frucht and colleagues later presented the largest and most comprehensively
studied series of ED patients, a total of 26 musicians (11 French horns, 5 trumpets,
5 tubas, 2 trombones, 2 flutes, and 1 clarinet) (3). The most common complaint was
‘‘difficulty performing,’’ with loss of embouchure control, lip fatigue or tremor, and/
or involuntary lower facial movements. Although 11 musicians (42%) complained of
discomfort, only three (12%) had frank oral pain. A significant number of musicians
had dystonia specific to certain registers (65%) or certain styles of playing (35%).

Although each patient had slightly different movements, five general patterns
of ED were noted: lip tremor (eight musicians), lateral pulling (5), lip-lock (4), jaw
movements (4), and Meige syndrome (2). Lip tremor was found to be rapid and
involved both upper and lower lips. Lateral pulling referred to movements of one
or both lips in a particular direction leading to loss of air seal. Lip-lock referred
to involuntary lip closure leading to airflow obstruction. The jaw movements
included jaw closure, deviation, and tremor. In two trumpet players Meige syndrome
developed separately after task-specific embouchure involvement.

There were some other intriguing findings in this series of patients. Although
the numbers were small, there appeared to be a register-specific tendency for two
of the noted patterns; that is, all five lateral pulling ED patients played high-register
brass instruments (four French horns and one trumpet), and all four lip-lock ED
patients played low-register brass instruments (three tubas and one trombone).
Because lateral pulling may be a compensatory way to deal with the high mouthpiece
pressures of high-register brass instruments, and lip closure is a normal preparatory
maneuver for low-register brass instruments, Frucht and colleagues postulated that
perhaps these particular patterns were inappropriate alterations of normal motor
program. In the two patients with jaw-closure ED, it was discovered that placing
a straw between clenched teeth served as a sensory trick to improve dystonic closure.
However, a concerning feature in the jaw ED patients was that three of the four
experienced spread of dystonic movements to other more basic oral activities, such
as talking and chewing. This spread of dystonia to other oral tasks was also seen
in two of four patients reported by Lederman (6). Finally, three of the patients
had dystonic hand involvement prior to onset of their ED, with preceding symptoms
as far back as 19 years.

Finally, there was a long delay between onset of symptoms and appropriate
diagnosis in that series, not dissimilar to other case series of musician’s dystonia.
Possible reasons for this include a reluctance in musicians to seek medical attention,
musicians’ belief that lack of practice is the cause, and the relative unfamiliarity of
dystonias, embouchure anatomy, and musicians’ techniques among most health care
professionals.
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Hand Dystonia

The most common complaint that musicians with FTSD of the hand have is an inad-
equate ability to control parts of their hand, thereby interfering with the playing of
their instruments (6,8). The first reported large series of musicians with FTSD came
from the Massachusetts General Hospital, where 57 cases of isolated single limb
manual incoordination were reported by Newmark and Hochberg (8). In this series,
speed and volume of sound were most commonly affected, pianists had difficulty
with ascending arpeggios while other instrumentalists had problems with fast-scale
passages. Guitarists reported difficulty with sustaining tremolo evenly, woodwind
instrumentalists noted hands rising off their instruments, and other keyboard players
noted trouble crossing over fingers. None of the musicians had pain, numbness or
paresthesias as part of their complaints. Otherwise manual activities of daily living
were normal in the majority of the patients, with a few noting difficulty with writing
and typing. There was no spread of incoordination to other body parts.

Newmark and Hochberg also noted three stereotyped patterns of dysfunction
that they felt were related to instrument type: flexion of the fourth and fifth digits in
pianists (22 cases), flexion of the third digit in plectrum instruments (five cases), and
extension of the third digit with flexion of digits 4 and 5 in clarinetists (five cases).
The remaining musicians in their series had a wide variety of other involuntary hand
movements.

In 1988, Lederman first reported 21 cases of focal dystonia out of 134 musi-
cians evaluated, 17 with upper extremity involvement (six violinists, four pianists,
three guitarists, two clarinetists, and one flutist) (6). At that time, Lederman noted
the tendency for lateralization of symptoms based on instruments, with predominant
left upper extremity involvement in violinists (five of six) and right upper extremity
involvement in pianists (three of four). This finding would be later replicated in larg-
er, updated series (11,23). The most frequent complaint was impaired control and
dexterity, and other complaints included stiffness, cramping, tightness, and fatigue.
Many patients also had involuntary movements or dystonic postures, including hand
tremor. Pain was not common, occurring in less than 20% of the patients, although
several reported aching or uncomfortable sensations. Lederman’s patients did not
appear to show the stereotyped patterns associated with specific instrument groups
as described by Newmark and Hochberg.

In two earlier studies, (6,11) Lederman showed that the majority (57–67%) of
musicians with hand FTSD were purely task specific. Some cases were so highly
specific that mimicking the action without the instrument did not lead to the same
dystonic spasms. In three patients with hand dystonia writing was also affected,
and two patients had dystonic spasms with any manual task. Between 17% and
24% of Lederman’s patients noted sensory tricks that helped temporarily ameliorate
their dystonia. These included lightly touching the affected hand with the unaffected
hand, modifying the position of the affected hand/arm, and even taping a popsicle
stick to a finger to prevent finger flexion.

In later publications, Lederman reported long-term follow-up data on 21
bowed string instruments and 24 woodwinds (23,26,32). Among the bowed string
musicians, 16 (76%) had left-hand involvement (i.e., their fingering hand) and five
(24%) had right-hand involvement (i.e., their bowing arm). In the group with right/
bowing-sided symptoms, there was a wide range of abnormalities, including forced
pressure, tremor, and involuntary proximal arm movements (wrist flexion and fore-
arm pronation). In the woodwind musicians, 18 (75%) had hand involvement and

196 Lo and Frucht



six (25%) had embouchure involvement. Although numbers were small, seven of the
eight (88%) clarinetists and all three oboe players had right-hand involvement, while
six of nine flutists and bagpipers had left-hand involvement. Schuele and Lederman
therefore felt that instrument-specific stresses on the hand and fingers appear to deter-
mine the laterality—the more complicated and/or demanding the motor task for that
side, the more likely it will be the side affected by dystonia. Predominance (>70%) of
left or fingering hand dystonia in bowed string instruments and right-hand dystonia in
keyboard players (>75%) have been seen in other large series (8,25). Following this
hypothesis, woodwinds would not be expected to have a significant lateralization,
and this is borne out in the more balanced percentages in 25 clarinetists and flutists
(44% left hand and 54% right hand) (1).

Charness and colleagues reported a series of 73 cases of focal dystonia occur-
ring in a total of 69 musicians. Their series focused on the high incidence of nerve
entrapments found ipsilateral to the dystonic limb in their patients (40 of 73 cases,
55%), and in particular reported on 28 of these patients with ulnar neuropathy
(22). However, the relatively surprising high prevalence of peripheral lesions found
is likely related to highly sensitive neurophysiologic tests, including near-nerve
recordings and quantitative electromyography. There were three common patterns
of dystonic finger posturing noted: flexion of digits 4 and 5 (31 cases), extension
of one or more digits (23 cases), and flexion of one or more of digits 1, 2, and 3
(12 cases). They noted that a finding of ulnar neuropathy strongly predicted the pat-
tern of dystonic posturing, with flexion of digits 4 and 5 (the digits most affected by
ulnar weakness) occurring in 24 of 28 cases (86%) of dystonia with ulnar neuropathy.
In comparison, this same pattern occurred only in 8 of 45 cases (18%) of dystonia
without ulnar neuropathy. The other two major dystonic finger patterns seen, with
mainly median or radial innervation patterns, were infrequently associated with con-
current ulnar neuropathy.

Finally, it is interesting to note that bilateral hand involvement in musicians
with FTSD is quite rare. After reviewing the multiple available case series in the
literature, only nine musicians with bilateral focal limb dystonia appear to have been
reported (6,9,23,25,34). Task specificity on both sides could not be verified in all of
the cases. In the four patients in whom some history is described, it appears that in
all cases only one limb was affected at first, with the second limb becoming affected
years later (range 2–14 years) (23,25). For example, Schuele and Lederman described
a violinist with initial left-sided fingering symptoms who later developed right-sided
symptoms 11 years after switching to right hand for fingering.

DIAGNOSIS

The diagnosis of FTSD in musicians is usually not difficult, once clinicians are aware
of the general features, and a thorough history and full neurological examination are
performed. Indeed, the biggest hurdle for many clinicians, who are not movement
disorder specialists or who do not have a rudimentary music background, is to sim-
ply know that such an unusual disorder exists. Careful attention should be spent on
the affected body part, testing strength, sensation, tone, and range of motion. In the
majority of cases all these should be normal; exceptions include those dystonias
induced by a trauma or a peripheral lesion, which we will discuss later.

Because of the task specificity, it is critical that patients demonstrate the abnor-
mal posturing or movements with their actual instruments. Although most of the
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time the abnormality is easily visible and/or audible, an adequate amount of time
and patience is necessary to discern more subtle difficulties. If appropriate, patients
may be asked to play scales, play at slow and fast tempos, play with different
qualities of notes (such as short staccato or legato notes), or play in high and low
registers (especially for brass instruments). A search for sensory tricks may also be
helpful during the evaluation, as they may prove useful as part of the treatment.

Overall, general laboratory and imaging studies, including rheumatologic, will be
normal. Electrophysiologic testing with electromyography and nerve conduction stud-
ies may prove useful if there is clinical or historical suspicion for a peripheral lesion.

PREDISPOSING FACTORS AND TRIGGERS

Embouchure Dystonia

There are little data for predisposing factors or known triggers related to ED onset.
None of the 26 patients described by Frucht and colleagues had exposure to neuro-
leptic medications or a family history of dystonia. However, three musicians had
writer’s cramp prior to ED, suggesting that in some patients there may be a predis-
position to develop focal dystonia. In no patients was there a history of major dental
work in the year prior to onset of symptoms. Only three patients (12%) changed their
embouchure and only two (8%) altered their instrument within the year preceding
dystonia onset. Only one patient had prior facial trauma that occurred several days
prior to dystonia onset (3,35). Although numbers are likely too small for direct
correlation, it isknownthat peripheral traumacantrigger oromandibulardystonia (36).
Hence, an injury to the mouth, jaw, or other parts of the lower face could conceiv-
ably trigger ED, as we suspect occurred in the above patient.

Although it appears that male gender is a significant risk factor for ED, given
the high M:F ratio, one must consider the baseline gender bias for brass instruments.
Brass instruments are more commonly played by men than women, and ED tends to
develop more frequently in brass players than woodwind players. This hypothesis
appears to be confirmed by an analysis of instruments and gender differences, which
showed that brass instruments are the only instrumental group without a gender bias
for symptoms (37).

Hand Dystonia

More attention has been paid to possible predisposing factors or triggers in
focal hand dystonias. In the series by Newmark and Hochberg, 37 out of a total
59 musicians had histories of trauma (four cases of acute hand injury), surgery,
inflammation (such as tendonitis/tenosynovitis), or increased demands upon the
hand (17 noted significant increases in practice time) preceding onset of their hand
incoordination (8). Although the precise temporal relation of these various events
to the hand dystonia is not listed, the range was in the matter of ‘‘acute’’ onset to
years. Likewise, Lederman had 60% to 67% of the musicians describe a predisposing
factor or triggering mechanism near the onset of symptoms, including excessive prac-
tice, change in technique or new instrument, trauma, and unusual emotional stress
(6,11). This differs from Brandfonbrener’s series, which found no clear-cut risk or
immediate precipitant in 67% of patients (25).

It is clear that male gender is a risk factor for musician’s dystonia in the hand,
given the greater than 2:1 M:F ratios seen. This was statistically verified by Lim and
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Altenmuller, who showed that male musicians are more likely than females to
develop musician’s cramp within nearly all instrument types (except brass) (37).

The majority of musicians with dystonia do not have a family history or dys-
tonia or other movement disorders (1). In a small series of 18 musicians, Friedman
and colleagues found no cases of DYT1 gene mutations. However, they postulated
that an as yet unknown susceptibility gene might still contribute to dystonia devel-
opment in certain patients, citing a positive family history of tremor or dystonia
in 5 of 17 (29%) unrelated patients (34). Brandfonbrener had only two patients with
any family history of a movement disorder (one with a father with cervical dystonia
and another whose father had Parkinson’s disease) (25), and in many series there
was no family history of dystonia at all. However, Brandfonbrener did report a
particularly fascinating subset of patients that appears to defy both genetics and
environmental factors or triggers. Two sets of identical twins played the same instru-
ment (one pair played piano and one pair viola), had the same music teachers, and in
each set only one twin had focal dystonia. The set of pianist twins has been followed
for over a decade with no ‘‘dystonia conversion’’ in the unaffected twin.

Charness and colleagues reported a large series of focal hand dystonias thought to
be related to ulnar neuropathy. They do admit that in their cases the ulnar neuropathy
was usually mild, making it difficult to determine the temporal relationship between
neuropathy and dystonia. However, there did appear to be some indirect evidence of
a causative relationship, in that the clinical course of digits 4 and 5 flexion tended to
mirror that of ulnar neuropathy; 13 of 14 (93%) patients with improved neuropathy also
had sustained improvement of the dystonia (22). They suggest that ulnar neuropathy
can predispose to a particular pattern of hand dystonia. This was indeed seen by Frucht
and colleagues in a professional bagpipe player with ulnar neuropathy from peripheral
trauma that lead to left-hand dystonia, with flexion of digits 4 and 5 (35).

Others have been unable to demonstrate nerve entrapments as common causes
for hand dystonias in musicians. Lederman had five patients with nerve entrap-
ments that could not account for their disability; one musician who later underwent
surgical release of the nerve had no dystonia benefit (11). In 18 woodwind instrumen-
talists with hand dystonia, 14 underwent electrophysiologic studies, with only four
abnormal studies found. None of the three patients who underwent nerve decom-
pression surgery had dystonia improvement (32). One consideration, however, is that
Charness and colleagues used highly sensitive electrophysiologic techniques in
addition to normal surface recordings, and may have picked up more subtle signs
of ulnar involvement.

LONG-TERM COURSE AND PROGNOSIS

Embouchure Dystonia

In the Frucht ED series long-term data were not available, but it appears that ED
carries a persistent, unfavorable prognosis. ED symptoms did not improve or remit,
with seven musicians disabled within four months of dystonia onset, and 17 unable
to continue playing at a high enough level to maintain a career. Only two musicians
had mild enough symptoms to allow them to maintain their professional perform-
ance schedule. Spread of dystonia to other oral tasks occurred in seven patients
(27%), including drinking, speaking, and eating. It may, therefore, be advisable to
recommend some ED patients to reduce or abstain from instrument playing, partic-
ularly those with jaw movements (3).
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Lederman reported persistence of ED despite cessation of playing for years.
One of Lederman’s patients with ED with a French horn had not played for several
years prior to the evaluation by Lederman. Within the first few attempts to play, the
patient’s lower facial muscles began to pull to the left, resulting in loss of seal (6).

The obvious impact of ED in the majority of cases was significant psychologi-
cal stress, with loss of self-esteem and confidence, as well as depression in some. The
particularly devastating aspect of musician’s dystonia is that it tends to occur after
the period of fine motor skill acquisition, with onset usually at the peak time of a
musician’s performing career. Many of the ED patients had already committed their
lives to a career in performance, with social and family contacts revolving around
music. And in this series, few had adequate disability insurance (3).

Hand Dystonia

In the series from Newmark and Hochberg, the mean duration of symptoms was 7.7
years, with a range of 4 months to 24 years (8). In Lederman’s first series the dur-
ation of symptoms at time of initial evaluation ranged from 2 months to 21 years
(mean duration four years) (6). Lederman later reported that only 4 of 42 patients
were playing with minimal or no impairment, with 24 playing with mild-to-moderate
impairment, and 14 unable to play at all (11).

Most recently, Schuele and Lederman published long-term outcome data. They
used a questionnaire as part of follow-up, sent out on average 10.4 and 7.7 years
after their first evaluation for a group of string and woodwind instrumentalists,
respectively (23). They were thereby able to provide long-term information on a
group of musicians who have dealt with their symptoms on average between 12
and 15 years. Most cases had insidious onset with gradual progression within the
first year, with a tendency to plateau thereafter. In general, remissions, fluctuations,
and spread to other body regions were rare, and the prognosis overall appeared
unfavorable. About 20% to 33% of musicians complained of problems with other
activities. Only a few felt that there was any mild improvement over the 5 to 10 years
following their first evaluation. Only 5 of 11 (45%) bowed string musicians with hand
dystonia were able to continue to perform, three of them by changing techniques or
refingering certain music passages. None of the musicians with dystonia involving
the bowing arm were able to continue as professional musicians (26). Of 15 wood-
wind musicians, only 8 were able to remain professional performers (5 of 9 hand
dystonia and 3 of 6 ED) (23,32).

Brandfonbrener also provided extended follow-up of 54 patients, 14 of whom
had their initial evaluation 12 or more years earlier. Thirty-six of 54 were
professional musicians, of whom 19 were still actively playing. Many had to make
significant changes to technique or switch their repertoire. Seventeen professionals
were unable to continue to work as musicians, and in no patient did symptoms
resolve or improve to a significant degree (25).

PATHOPHYSIOLOGY AND MECHANISMS

Recent evidence supports the idea that focal dystonia is a central disorder of motor
control, with the end result at the muscle level of cocontraction of agonist and an-
tagonist muscles. However, there are physiologic abnormalities in focal dystonia that
are evident at various levels of the nervous system, from the muscle spindle extending
all the way up the neuraxis to the cortex. Abnormalities at the muscle spindle
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afferent level have been demonstrated, based on studies that showed that sensory
input to a resting limb of a patient with FTSD can provoke dystonic contractions.
This similar peripherally triggered dystonic spasm could be reduced with local injec-
tions of lidocaine that reduces muscle spindle afferent activity (38). Although no
study has shown direct basal ganglia physiologic abnormalities in musicians with
hand dystonia, Delmaire recently showed basal ganglia abnormalities in patients
with writer’s cramp, another FTSD of the hand. They showed that the somatotopic
representation of the body in the putamen contralateral to the affected limb in
patients with writer’s cramp was disrupted, suggesting dedifferentiation of normally
segregated striatal sensorimotor maps (39).

There is a significant amount of physiologic and functional imaging evidence to
suggest that patients with FTSD harbor significant cortical abnormalities. These
abnormalities include a disturbed central processing of sensory information, impaired
integration between sensory and motor processes, inappropriate areas of activation,
decreased cortical inhibition, reorganization of the sensorimotor cortex, and distorted
cortical representations of motor function (23,40).

At the cortex there is evidence that corticomotor excitation is significantly
increased in patients with FTSD compared to controls, (41–43) and this increased cor-
tical excitability may be due to reduced intracortical inhibition (44). Recent work with
magnetic resonance spectroscopy by Hallett suggests that reduced intracortical inhi-
bition may be due to decreased levels of c-aminobutyric acid in FTSD patients (45).
Physiologic studies and functional imaging for brain mapping have shown
abnormal sensory maps in musicians with dystonia. Elbert and colleagues used
magnetoencephalography (MEG) to show that the distance between cortical sensory
representation of digit pairs was smaller in musicians with dystonia compared with
normal controls or musicians without dystonia (46). Bara-Jiminez and colleagues
used somatosensory-evoked potentials to show fusion of the cortical representation
of the digits in the primary somatosensory cortex of patients with FTSD. They also
showed inversion of digits 1 and 5 positions in the sensory homunculus in these
patients compared to controls (47). Meunier and colleagues used MEG to show that
there was bilateral disorganization of finger representations in the primary sensory
cortex of patients with writer’s cramp, with greater disorganization on the side
contralateral to the unaffected limb. Despite unilateral symptoms, the nondystonic
hemisphere is originally affected by the disease as well (48). Thus, representation of the
hand in primary sensory cortex is markedly disordered bilaterally in dystonic patients.

There have been a limited number of studies done specifically for musician’s
dystonia. Hirata and colleagues examined the somatosensory homuncular represen-
tation of eight brass players with ED, comparing them to control subjects, and
reported digit representation shifts in a lateral direction toward the lip zone in those
ED patients. As this cortical asymmetry was absent in the control subjects, they
hypothesized that this homuncular reorganization may contribute to the develop-
ment of ED (49). Pujol and colleagues similarly demonstrated abnormal cortical
activity in musicians with FTSD of the hand. They used functional magnetic reson-
ance imaging (MRI) and a specially adapted MRI-compatible guitar to demonstrate
abnormal brain activation in five guitarists with task-specific dystonia. Compared
to nondystonic guitar controls, there was significantly increased primary sensori-
motor cortex activation contralateral to the dystonic hand, as well as decreased
premotor area activation (50,51).

Charness and Schlaug evaluated brain activation patterns in pianists with hand
dystonia, normal pianists, and nonmusicians. Using the same finger-tapping task,
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they were able to show that normal pianists had increased activation of the dorso-
lateral precentral gyrus and reduced supplementary motor area activation compared
to the afflicted pianists and the nonmusicians. This suggested that pianists with dys-
tonia had regression of activation patterns (52).

How does one now combine the above abnormal findings and hypotheses with
the features of musician’s dystonia that have been described in clinical series? For
example, the mean age of onset for FTSD in musicians appears to be in the first-half
of the third decade. Yet, the majority of these musicians have already been learning
and practicing their craft for years before onset of symptoms. Thus, FTSD arises
mainly in musicians who have already attained a high level of skill, rarely developing
during the acquisition of this skill. Charness believes that focal dystonias emerge
through an alteration of the plastic neural processes that accompany the rehearsal
of highly skilled movements. However, because FTSDs occur only in a small per-
centage of musicians, ‘‘experience-related neural plasticity’’ is by itself insufficient
for FTSD to develop (40). One thought then is that perhaps an as yet undefined
genetic predisposition in select musicians allows for cortical disorganization to occur
as musicians rehearse repeatedly.

Another clinical feature that raises question is how can an increase in practice
time lead to a greater risk for focal dystonia? One hypothesis that may explain the
apparent risk is that repetitive hand movements can lead to cortical reorganization
(40). Byl and colleagues used New World owl monkeys to show that repetitive hand
movements can lead to dystonic-appearing hand movements with associated soma-
tosensory cortex reorganization (enlargement and overlap of receptive fields) (53).
This cortical reorganization may lead to the generation of inappropriate motor pro-
grams or inappropriate digit movements.

Finally, Charness and colleagues noted that their study revealed that weakness
in ulnar-innervated muscles appeared to initiate a dystonia mediated by median-
innervated superficial flexors. They suggest that several of their cases of dystonia
with ulnar neuropathy may be an involuntary and maladaptive compensatory
maneuver (22). They also proposed another theory—as peripheral nerve injury has
been shown to induce cortical reorganization beyond the territory of the injured
nerve, ulnar nerve injury may therefore increase cortical representations of median
superficial flexors, leading to inappropriate flexion of digits 4 and 5.

TREATMENT

After a diagnosis of dystonia is made and initial questions answered, the next critical
issue on patients’ minds is treatment. Unfortunately, the benefit from current
available treatments is generally moderate at best, with a significant percentage of
musicians forced to leave professional performance careers. As has been demon-
strated in various reported case series, resolution of dystonia is rare, except for those
cases clearly related to nerve entrapments. Tables 2 and 3 list therapies that have
been used by musicians, mostly without a great deal of success.

Embouchure Dystonia

Compared to treatment of patients with hand dystonia, therapeutic options are more
limited for ED, simply based on anatomy. For example, rehabilitation therapies such
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as immobilization and constraint-induced therapy would not be applicable to the
embouchure. And unfortunately, ED appears to be inherently more resistant to
treatments than task-specific hand dystonias. In their series, Jabusch and colleagues
showed that the response rate to nearly every form of treatment modality was
inferior for ED patients compared to patients with limb dystonia. The overall
percentage of patients with ED who had improvement was 15% (3 of 20 patients)
compared to 50% (62 of 123 patients) with limb dystonia. None of the ED patients
who tried trihexyphenidyl (five patients), BoTN (three patients), ergonomic aid (two
patients), or pedagogical retraining (two patients) as therapies had any improve-
ment. Only 6 of 11 ED patients (54%) reported some improvement with nonspecific
technical exercises, which was comparable to the rate in musicians with hand dysto-
nia who used this strategy (24).

Frucht and colleagues reported the most success with embouchure retraining to
minimize abnormal movements, as well as alteration of technique by changing to a
different embouchure and/or using a different type of mouthpiece (such as switching
to a trombone-type embouchure/mouthpiece) (3). The success rate unfortunately
was modest at best, helping mainly those musicians with lateral pulling ED but
not those with lip tremor (31). Schuele and Lederman also had two patients improve
with rebuilding the embouchure, which included changes in size, configuration,
placement of the mouthpiece, and retraining through ‘‘buzzing’’ exercises. One flutist

Table 2 Treatments Used for Embouchure Dystonia

Little or no success Modest-to-moderate success

Botulinum toxin injections Embouchure retraining/rebuilding
Prolonged rest/cessation of playing Alteration in technique (change to

different embouchure/mouthpiece)
Dental prosthetic Sensory trick device (single case)
Medications (anticholinergic and

dopaminergic)
Technical exercises

Biofeedback Changing instruments
Psychotherapy
Acupuncture or herbal therapy

Table 3 Treatments Used for Task-Specific Hand Dystonias in Musicians

Little or no success Modest success Moderate success

Prolonged rest, cessation
of playing

Anticholinergic medications
(e.g., trihexyphenidyl)

Botulinum toxin injections

Biofeedback Refingering music passages Surgery for nerve
entrapment-induced cases

Psychotherapy Ergonomic changes (instrument
modification)

Immobilization/splinting
(in one small series)

Dopaminergic
medications

Alteration in techniques or
retraining

Sensory motor retuning
(constraint-induced therapy)

Transcutaneous
nerve stimulation

Change in teacher
or instrument

Use of sensory tricks

Source: Modified from Ref. 23.
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with mild dystonia was able to continue to play after retraining and switching to a
different flute (23,32).

Many other therapies, both traditional and nontraditional, were tried by patients.
Alternative/complementary therapies such as acupuncture, herbal therapy, chiroprac-
tic treatment, and massage were generally ineffective. Dental prosthetics were used in
five musicians without benefit in Frucht’s large series. However, in a single case report
one French horn player who responded to a sensory trick (clenching a straw between
left rear molars) and who experienced spread of dystonia to speech and drinking
had near resolution of these symptoms with a dental prosthesis that mimicked the
sensory trick (33).

Finally, seven patients in Frucht and colleague’s series received BoTN injec-
tions to perioral muscles, resulting in unacceptable weakness or minimal functional
improvement in most, and functionally significant improvement in only a single
patient with jaw-closure ED (3). Similarly, Schuele and colleagues had three ED
patients undergo BoTN injections, and all three actually felt worse after the first
injection (54). Given the extreme force requirements needed for brass embouchures
and therefore the vulnerability to even the slightest bit of excess weakness, it is not
surprising that even musicians who had some dystonia improvement would choose
not to continue BoTN injections. It appears, therefore, that BoTN is simply not a
practical treatment for ED.

Hand Dystonias

In their series of musicians, Newmark and Hochberg reported several ineffective
therapies tried by their patients, including surgical procedures (tendon release, carpal
tunnel release, and nerve release), pharmacologic trials (dopaminergic medications,
diazepam, steroids, and propanolol), psychotherapy, transcutaneous nerve stimu-
lation, acupuncture, and physical/occupational therapy. There was also no benefit
with rest or cessation of instrument playing up to three years. Their own treatment
strategies were only slightly more successful; specific physical therapy to strengthen
distal extensors/interossei/lumbrical groups had significant improvement in only
three patients, and trihexyphenidyl helped only two patients (8).

These results were similarly reported by Lederman. Exercises, biofeedback,
modification of instruments (such as changing shoulder rests in violinists and thumb
rest in a clarinet), psychotherapy, anticholinergics (up to 40 mg of trihexyphenidyl),
and dopamine agonists were of no significant benefit. Prolonged rest was ineffective
and largely impractical (6). Four of 18 woodwind players with hand dystonia had
benefit from immobilization with splints or casting (32).

BoTN injection for musicians with FTSD generally offers moderate benefit for
many, but the improvement in dystonia always needs to be balanced with resultant
muscle weakness. Because musicians depend on exquisite motor control for perfect
performance, any dystonia improvement that is achieved at the expense of focal
weakness usually proves unacceptable for performers (9). Cohen and colleagues were
among the first to enroll musicians with dystonia and writer’s cramp in open-label
trials of BoTN; they showed subjective moderate-to-major improvement in cramping
and motor performance in 72% to 81% of their subjects (55,56). Later, a double-
blind trial of BoTN with a placebo phase for each subject (10 patients with FTSD
of the hand, including a pianist and a bagpiper) objectively verified the true efficacy
of BoTN in the treatment of focal hand dystonias (57).
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In the past two years, several series of musician’s dystonia describing long-term
treatment outcomes have been published. Among Schuele and Lederman’s 21
patients, four tried BoTN: two had no improvement, one had variable response,
and one has derived benefit and continues to be injected with 50 to 70 units of
BoTN Type A (26). Schuele and colleagues described the long-term outcome
of BoTN therapy in 84 musicians (81 hand and 3 ED). They reported that 58 of
84 musicians (69%) experienced benefit (defined as � mild degree of improvement),
and 38 of 84 (45%) had enough improvement to notice better performance ability.
However, 98% of the musicians noticed some degree of weakness. Twenty-four musi-
cians continued to receive BoTN over a mean of 36 months (range 9–76 months),
with a mean number of 11.7 injections (range 3–29). Six of 11 hand dystonia patients
who discontinued BoTN did so because they had sustained benefit and no longer felt
the need for more treatment. Unfortunately, there were 23 hand dystonia patients
(28%) who had no response to BoTN or who felt worse with treatment (54).

The most recent and largest series describing long-term treatment outcomes
comes from Jabusch and colleagues. A total of 144 musicians (116 males and 28
females) were retrospectively studied for their response to treatment, with 124 of them
(86%) having limb dystonia. The major categories of therapy tried were trihexypheni-
dyl (33% of patients with improvement), BoTN injections (57% of patients who had
more than one injection reported improvement), ergonomic changes such as with
splints or instrument modification (63% with improvement), pedagogical retraining
(50% with improvement), and use of nonspecific technical exercises (56% with
improvement). As expected, trihexyphenidyl was the least tolerated because of fre-
quent side effects. BoTN injections were most beneficial for those musicians with
limited demand for lateral finger motion (woodwinds and right hand in guitarists).
The behavioral therapies appeared to be comparable to chemodenervation with
BoTN, and hence the authors recommended it be tried in all applicable cases (24).

Charness and colleagues found that among the dystonic patients with ulnar
neuropathy, three benefited from supportive therapies such as rest or splinting,
and 11 out of 12 patients who underwent ulnar decompression surgery had signifi-
cant and sustained improvement of dystonia. They suggest therefore that all
musicians with flexion dystonia of digits 4 and 5 be carefully evaluated for ulnar neu-
ropathy (22). Lederman had a similar case of surgical reversal of FTSD apparently
due to nerve entrapment, in which one patient found to have carpal tunnel syndrome
had resolution of dystonia after carpal tunnel release surgery was performed (6).

In addition to BoTN injections and behavioral modifications (retraining, refin-
gering passages, and instrument changes), several rehabilitation approaches have
been developed as potential therapies. The main idea of these therapies is to try to
modify the cortical representation of the affected limb through immobilization (1).
Priori and colleagues showed in a small series of patients with FTSD of the hand
(7 musician’s dystonia and 1 writer’s cramp) that prolonged immobilization of the
affected limb for four to five weeks led to significant improvements in dystonia sever-
ity and performance in motor tasks. At the six-month follow-up, seven of the eight
patients had at least moderate improvement (three had 20–33% improvement from
baseline objective scores and four had >70% improvement from baseline scores) (58).
There was no worsening of the dystonia from splint immobilization, and there
appeared to be persistent benefit months after removal of the splint. Priori and col-
leagues concluded that limb immobilization may be a safe, inexpensive, and effective
treatment for focal occupational limb dystonias. Several trials designed to replicate
this finding are in progress.
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Candia and colleagues presented long-term data in 11 musicians who used sen-
sory motor retuning, also known as constraint-induced therapy. In this treatment
modality, the finger(s) that exhibit dystonia are left unrestrained while one or several
compensatory fingers are immobilized, and extensive regular practice of specific fin-
ger tasks are employed over a year. The hypothesis is that a behavioral intervention
focusing on movement may improve the use-dependent alteration in the cortical
representations of digits seen in patients with focal hand dystonias. Their prospective
series showed benefit in six pianists, two guitarists, but none in three woodwind
players (59). Although further data are needed, the results revealed a promising alter-
native therapy to be tried.

Finally, as part of the supportive therapies offered to musicians with
embouchure or hand dystonia, a clinician may bring to their attention the existence
of the Musicians with Dystonia program. Founded in 2000 as part of the Dystonia
Medical Research Foundation, it offers practical support to musicians, raises aware-
ness of dystonia to the musical community, and facilitates research collaborations.
Interested musicians and clinicians may find out more information about the pro-
gram in Ref. (60).

CONCLUSIONS

FTSDs can have a far-reaching impact on musicians. Beyond the often-dramatic
physical effects, there are often social and emotional ramifications that impact the
livelihood and passions of patients suffering with this disorder. In addition, there
may be significant financial implications for those unable to continue in their careers
as professional musicians (1). For the clinician, the first step in helping this unique
patient population is recognition and understanding this debilitating disorder. From
there, appropriate diagnostic steps and treatments can be offered. A referral to a
performing arts medical center, especially one that has a large experience with focal
dystonias, may be warranted. Despite our best efforts, however, embouchure and
hand dystonias in musicians remain a mysterious and difficult entity to treat.
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Sports-Related Task-Specific Dystonia:
The Yips

Charles H. Adler
Department of Neurology, Mayo Clinic, Scottsdale, Arizona, U.S.A.

INTRODUCTION

While dystonia affecting athletes has not been researched or written about to the
same degree as other focal dystonias, this may well be due to a previous lack of
awareness or interest among both physicians and athletes. Because dystonia and
occupational cramps affect people who write, type, and play a musical instrument,
it is logical to believe that dystonia also affects people who play sports. This review
represents an attempt to specifically focus on sports-related dystonia, and provide
the clinician a rational approach to define the patient with the potential for benefit
from emerging treatments for this interesting focal dystonia.

GOLFER’S CRAMP: YIPS

Golfers all know about the ‘‘yips,’’ a term that is often not spoken or only said with a
whisper. The lay press has made common use of this term when describing pro-
fessional golfers who miss key putts in tournaments. It is also used to describe golfers
who are in a ‘‘slump’’ (1). There are numerous definitions for the term ‘‘yips’’ includ-
ing that found in Merriam-Webster Online Dictionary ‘‘a state of nervous tension
affecting an athlete (as a golfer) in the performance of a crucial action < had a
bad case of the yips on short putts> ’’ (26). It is unclear how this term first came
to be used. Some have said that Sam Snead, a famous golfer who developed difficulty
putting, first used the term yips. Although this term seems consistent with the pen-
chant for colloquialism, and certainly captures the sense of an abrupt and fleeting
movement to ruin a putt, there is no published evidence attributing the term to
Sneed. Tommy Armour, another golf champion, also developed the yips and popu-
larized the term. Other golfers who have discussed their difficulties with the yips
include Johnny Miller, Mark O’Meara, and Bernhard Langer (27,28).

The possibility that the yips may be an occupational cramp was initially pro-
posed by Foster (2) in the description of the involuntary movements suffered by both
Ben Hogan and Sam Snead. The report drew from Gower’s descriptions of spasms
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during certain occupational actions, especially writer’s cramp (2). Ben Hogan is also
the subject of one chapter in Klawans’ entertaining book on sports and neurology (3).
Here it describes how Hogan first developed a dystonic extension of a finger during
the 71st hole of the U.S. Open and lost the tournament (3). In a broad discussion of
the focal dystonias, Marsden described occupational cramps that affect golfers as
well as billiard and dart players (4).

What Causes the Yips?

Much has been written in the lay literature about the yips. Most, if not all, of these
descriptions suggest that the yips are a psychological disorder (29). Many have
referred to the yips as a form of ‘‘choking,’’ an extreme manifestation of performance
anxiety, associated with reduction of performance under pressure circumstances (5).
Despite the potential for the yips being an occupational cramp, the majority of
golfers, and those who work with golf professionally, believe that the yips are a
psychological disorder. Most golf psychologists and golf instructors have only written
about the psychological nature of the yips without consideration of possible neurol-
ogical issues. This is quite similar to how other focal dystonias have been perceived,
including torticollis and spasmodic dysphonia. Typical therapeutic recommendations
include a variety of techniques to overcome the yips, most having to do with the psy-
chology of putting (6). Others postulate that choking results from an athlete spending
too much time focusing on the movement and the worsening of that in the setting of
anxiety (5). A more extreme interpretation described the yips as a sports performance
phobia (7). However, the first attempt to objectify this phenomenon was initiated by
Crews who used electroencephalogram brain mapping to suggest that choking was
due to overactivity of the left hemisphere in the presence of anxiety while putting (30).
In addition, systematic retrospective analysis of putting data from professional golf
tournaments (men’s and women’s) also suggests that choking is not an issue (8,9).

Dave Pelz, a recognized putting teacher for many competitive golfers in the
Professional Golf Association (PGA), proposes that the yips are due to the golfer
momentarily losing consciousness while putting (10). Dave Pelz postulates that the
golfer has a period of unconsciousness lasting less than 1/1000 of a second. This per-
iod occurs just before impact of the putter with the golf ball, and that the jerk (yip)
occurs as the golfer recovers awareness. While there are many issues and limitations
to this hypothesis, Dave Pelz is the first recognized golf teacher to move the yips
from a psychological disorder to, perhaps, a neurological disorder. It remains the
responsibility of the neurology community to educate the public regarding the phe-
nomenological classification of the movement disorder.

NEUROLOGIC STUDY OF THE YIPS

Kachi et al. initiated the first neurologic evaluation of a golfer with a movement
disorder (11). As part of a larger study of primary writing tremor, one subject with
tremor while swinging a golf club was included (11). This 29-year-old man repor-
ted tremor while golfing for the past four years, but did not exhibit tremor with
any other activity. The tremor was described as jerky, and could be elicited with wrist
tendon percussion. During electrophysiological testing, as the man began the back-
swing, surface electromyographic (EMG) recordings revealed a 5 to 6 Hz alternating
tremor between the finger flexors and extensors with no tremor in the biceps or
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triceps (11). The patient had no benefit from alcohol, and administration of 2 mg of
propranolol intravenously did not change the tremor (11).

One of the first careful assessments to address the yips in a golfer was under-
taken by McDaniel et al. in 1988 (12). The patient was a professional golfer who
developed the yips at the age of 23. Symptoms occurred only during putting and only
during tournament play. There was no evidence of involuntary movements with any
other activity and no abnormality on examination. Changes in grip and a trial of
propranolol were not effective, but the patient compensated for the problem by
changing to a left-handed putting approach.

The same report summarized results from a 69-item questionnaire study of 750
professional (300 male PGA Tour, 200 male PGA Senior Tour, 250 female LPGA
Tour) and 300 male amateur golfers (12). While only 335 (42%) men and 25 (10%)
women responded, 28% of the male golfers reported the yips. The mean age of onset
of golfers indicating this symptom was 35.9 years and duration of golfing prior
to yips onset was 20.9 years. The majority of subjects reported the yips only when
putting (54%), while others reported symptoms when putting plus chipping or driv-
ing (40%), chipping alone (5%), and driving alone (2%). These golfers described
movements such as jerks, spasms, and tremor occurring in the distal arm mainly
when putting, as well as freezing episodes especially during the forward stroking
of the ball. The yips affected play during tournaments in 99% of respondents,
intensified with anxiety in 77%, and occurred during practice in 46%. Compensatory
strategies helped 52% of the golfers, and included changes in grip, conversion to a
long putter, and changes in posture or approach (changing from right handed to left
handed). Interestingly, 24% reported that other tasks were affected and 25% stated
that other body regions were affected, suggesting that the yips may be one of many
dystonic movements in these individuals. When compared to unaffected golfers, the
golfers with the yips were older and had been golfing longer. Additionally, golfers
with the yips had a higher score on one item related to obsessional thinking com-
pared to the unaffected golfers. Interestingly, no differences between affected and
nonaffected golfers were seen in responses to questions assessing the frequency or
severity of anxiety-related symptoms (12).

Sachdev has carefully evaluated 20 patients who reported symptoms of the yips
while golfing, and compared them to age, sex, and golfing-matched controls (13).
He has proposed the following criteria to diagnosis the yips (13):

1. > five years of golfing with > one year at a high level of proficiency
2. Development of an involuntary movement or freezing while putting or

chipping
3. The sparing of long strokes (i.e., driving) at least at initial onset
4. No history of dystonia, Parkinson’s disease, or other neurologic disorder
5. Normal neurologic and musculoskeletal examination
6. Either benefit from a trick, fluctuating symptoms, or similar symptoms

with another task-specific activity

The mean age for all golfers was 54.5 years, but the group differed in that two
yips subjects were professional golfers, while the control group did not contain any
golfer at this level of proficiency. The mean age of onset of the yips was 35.1 years
and the mean duration of golf prior to development of the yips was 16.1 years. Most
described the problem as occurring with putts shorter than 3 m. The majority (75%)
had the symptoms only during competitive play. Compensatory strategies included
changes in putter type, grip, and position. By history, writing was affected in two
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subjects, tennis and table tennis in two, cricket bowling in one, and shooting pool in
one. Neurological examinations were unremarkable except for one subject diagnosed
with mild essential tremor.

No differences in neuropsychological or cognitive testing were found between
the two groups (13). Assessments included self-rating of anxiety, Spielberger Anxiety
Scale, Zung Depression Scale, and Leyton’s Obsessional Inventory. While these data
differ from the observations of McDaniel et al. (12), Sachdev did suggest that anxiety
and arousal factors may play a role in the yips, but are not the primary cause of the
disorder (13).

Smith et al. (14) have also surveyed a population of 2630 advanced golfers
(handicap <12) registered for tournaments with the Minnesota Golf Association.
A total of 1031 (39%) golfers (986 men and 45 women) responded, and a surprisingly
high, and perhaps falsely elevated, number of respondents (541 or 52%) reported
experiencing the yips. From the survey data 359 yips-affected and 278 unaffected
golfers controlled for mean age (46.2 years), playing experience (30 years), best
handicap (4.5), and male gender were identified. The mean duration of the yips
was six years. As in previous studies it was the short putts (<2 m) that were most
affected. In addition, this group indicated that fast, downhill, and left-to-right break-
ing putts were most affected, perhaps suggesting forearm supination or pronation
plays a role.

In the same investigation, four yips-affected golfers and three unaffected golfers
were studied using EMG, grip force, and heart rate evaluations during putting (14).
The yips-affected golfers had higher heart rates, more grip force on the putter, and
increased EMG activity in some forearm muscles. Additionally, the yips-affected gol-
fers made fewer putts and missed putts by greater distances than the unaffected
golfers, although no statistical calculations were used to determine whether these
differences reached significance (14).

Given that the yips has evolved from the golfing community, and may be a
term frequently ascribed to a golfer with any number of difficulties with putting, it
is not surprising that both organic and psychological factors may be considered
the same. Smith et al. have proposed that the yips represent a continuum between
focal dystonia (organic) and choking (psychological) (15). Following a questionnaire
completed by 72 yips-affected golfers (69 males), these investigators separated the
group based on survey responses. The mean age of the golfers was 52 years and mean
handicap was 6.7. Based on the subjects’ responses to descriptors of yips as jerking,
freezing, and shaking versus nervousness or lack of confidence, each golfer was cate-
gorized: likely dystonia (n¼ 40), likely choking (n¼ 16), and not determined (n¼ 16).
Although the study was greatly limited by the lack of clinical evaluations, it does
suggest that the term is used broadly in the golf community (15).

Similar to the work by Kachi (11), Adler et al. studied three golfers using sur-
face EMG recordings (16). The first golfer had a normal examination yet had EMG
trains of 6 to 7 Hz rhythmic, co-contractions of the left deltoid and bicep while
standing over a putt. These movements only occurred while addressing the ball
and stopped once the putter was moved. The second golfer had very mild writer’s
cramp involving the right thumb and index finger. Surface EMG was normal when
writing but revealed abnormal trains of 6 to 8 Hz rhythmic co-contracting with
75 msec bursts of EMG activity lasting 500 to 1000 msec in the right deltoid and wrist
flexors when putting. The third golfer had very mild rest and terminal tremor of the
hands. Surface EMG revealed trains of 4 to 7 Hz rhythmic co-contracting 150 msec
bursts in the right deltoid and biceps lasting 500 to 1000 msec when holding the
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putter (16). This data suggested that the yips may be a dystonia, but, because it was
occurring in two cases that had evidence of a movement disorder when they were not
putting, further research was needed.

Adler et al. have collected pilot data utilizing surface EMG recordings in 10 yips-
affected golfers and 10 unaffected golfers matched for age (mean¼ 50 years) and
current handicap (mean¼ 7.2) (17). In this study, the yips-affected golfers had been
golfing for a longer time (37.6 vs. 25.9 years, p¼ 0.03) and had a better best handicap
(3.5 vs. 6.3, p¼ 0.01). All golfers studied were male and all used a right-hand, tra-
ditional, low putting grip. All subjects had a normal neurological examination, and
no other evidence of a movement disorder. Subjects were monitored at rest, while writ-
ing, and with arms outstretched using surface EMG recordings of bilateral proximal
and distal upper extremity muscles. No tremor or dystonia was detected in any subject.
They were then asked to complete 75 putts (30 at 2 m, 10 at 1 m, then 35 at 2.5 m) on an
indoor, artificial, flat putting green surface. EMG recordings were made while they
held the putter at rest and then during each putt, with an electronic photocell recording
the initiation of each stroke and the time of putter/golf ball impact (Fig. 1).

During the putting study, only 2/10 yips-affected golfers felt like they were
experiencing the yips (17). By observation it appeared to the investigators that all
10 yips-affected golfers, and none of the unaffected golfers, were having a visible jerk
of the wrist or twist of the forearm at the time of the forward swing of the putting
stroke. When the EMG data were analyzed, there were no differences between groups
in right or left forearm EMG activity, wrist flexor or extensor activity, or phasic flexor
or extensor bursts of motor activity. However, at 200 msec prior to putter/ball
impact, 5/10 yips-affected golfers demonstrated co-contractions of the wrist flexor
and extensor muscles, a phenomenon not seen in any of the 10 unaffected golfers
( p¼ 0.06, exact McNemar test) (17). This finding was consistent in all the putting con-
ditions studied. When comparing the yips-affected golfers who had co-contraction

Figure 1 Set-up for yips study.
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(n¼ 5) with those who did not have co-contraction (n¼ 5) there was a trend for
the co-contracting golfers to be older (58 vs. 42 years), have higher handicaps (9.2
vs. 4.0), have yips for fewer years (5.5 vs. 9.2 years), have more error in terms of dis-
tance in missed putts (4.8 vs. 3.2 cm), and make fewer total putts (61% vs. 67%).

Somatosensory evoked potential (SEP) testing also demonstrated differences
between the yips-affected and yips-unaffected subjects. There was evidence for
higher-amplitude N30 waves in the yips-affected group that was statistically signifi-
cant at one electrode with a trend at two other electrodes. Similar SEP data have
been reported for cervical dystonia (18) and writer’s cramp (19).

Adler et al. have concluded that the presence of co-contraction of the wrist
flexor and extensor muscles in half of the yips-affected golfers but none of the unaf-
fected golfers suggests that the yips are a focal dystonia in some cases (17). Of those
with co-contractions, only two of the cases felt that they were having the yips during
the study, the other three stated that they were not having any problem putting. The
finding of co-contraction is known to be a hallmark for dystonia, although it is not
diagnostic (20–22). Further work is therefore needed to determine whether the 50%
occurrence of co-contraction is present in a larger population of yips-affected gol-
fers. Additionally, further study of unaffected golfers to determine patterns of
EMG activation is needed for comparison purposes. Studies comparing yips-affected
golfers who have co-contractions with those who do not are needed, and assessment
of anxiety and psychological factors should be included. Finally, attempts at treating
the yips should be undertaken with monitoring of surface EMG patterns to deter-
mine subjective as well as objective response to intervention.

In terms of pathophysiology, the cause of the yips in golf remains unclear.
Unfortunately, the same holds for most cases of dystonia and tremor. There are
no data on the genetics or hereditary patterns of yips-affected individuals. While
some authors postulate that occupational cramps (writer’s and musician’s cramp
and other focal dystonias) are due to an overuse syndrome, this hypothesis may
not be as valid for putting a golf ball. The teaching and goal of all golfers is to hold
the putter with the arms swinging as a pendulum, with no movement of the hands or
wrists. Yet, most golfers with the yips describe abnormal movement affecting the
forearms and wrist, regions that should not be moving. Thus, this should not be
overused, because the regions affected by the yips should not be moving when per-
forming the task. Additionally, those affected by the yips do not describe any pain.
There is no description of discomfort or strain as is often found.

OTHER SPORT-RELATED DYSTONIAS

Like the yips, the recognition of sports-related cramps evolves, because physicians
and athletes become more aware of the potential disorder. In addition, cultural
differences may also limit the awareness and generalization of these phenomena to
particular sports. However, in some settings, these symptoms are gaining diagnostic
acceptance.

Cricket

A first-person account of the yips in cricket bowling is written by Gavin Hamilton (31).
Hamilton does not describe any twitch or jerk, just an inability to control the bowling.
Bawden and Maynard evaluated eight athletes who were cricket bowlers (23). Mean
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age was 23.4 years (range 18–32) and four were amateurs, four were semiprofessionals.
Average bowling experience was 11 years. The subjects all had contacted the investiga-
tors for psychological advice to overcome their loss of performance (23). All parti-
cipants were interviewed in detail and none of the cricket bowlers had complaints
prior to the onset of the yips. The investigators concluded that at the onset there
was a physical rather than psychological problem, similar to that of the focal dystonia
described in golfers (23). However, over time the investigators state that the yips of
bowling became more consistent with choking and sports performance phobias, with
increased anxiety and self-consciousness (5,7,23). These authors concluded that the
symptoms suffered by these athletes were most consistent with a psychological rather
than an organic disorder. However, there is no published neurologic evaluation of
these athletes to determine if there could be an involuntary movement disorder present.

Tennis

There is a single case report of a tennis player with bilateral segmental dystonia (24).
This 34-year-old male professional tennis player began to have involuntary move-
ments in the dominant left arm and shoulder at the age of 16. As with other
dystonias, this patient was sent for months of physical therapy, psychotherapy,
and had shoulder surgery. Examination revealed bilateral hand tremor, decreased
fine-motor control of the left hand, and writer’s cramp. Analysis of the tennis playing
showed no difficulty with simulated movement or with swinging the racket freely,
but when swinging at a ball there was dystonic posturing of the arm. A diagnosis
of segmental dystonia was made and this patient experienced a good response to tri-
hexiphenidyl, 10 mg/d (24). These authors also postulate that one reason for the lack
of information regarding dystonia in sports may relate to the fact that other than in
golf, professional athletes usually finish their careers at a fairly early age. Addition-
ally, many sports do not require fine-motor activity of the arms, which may be the
more likely region for dystonia to develop (24).

Darts

Other athletes who have had dystonias include billiard players and dart throwers
(4,25). Eric Bristow, a 5-time World Champion dart thrower, developed ‘‘dartitis’’
or the yips of dart throwing in his 30s (32).

Baseball

Baseball players, mainly pitchers, have also been associated with the yips. Although
there have been no scientific publications regarding the yips in baseball players sev-
eral cases might be candidates for more careful study. Steve Blass of the Pittsburgh
Pirates and Rick Ankiel of the St. Louis Cardinals both rather suddenly lost pitching
control and had their careers ended or threatened (33). As a result of these original
observations, baseball lexicon now refers to a sudden, unexplainable loss of pitching
control as ‘‘Steve Blass Disease’’ (34). Other position players, including catchers,
have had this problem. Dale Murphy began his career as a catcher with the Atlanta
Braves but developed the inability to throw back to the pitcher with occasional over-
throws reaching the center fielder (35). Once moved to the outfield, Dale Murphy
became an all-star. Other baseball players who developed throwing difficulties
included Mackey Sasser of the New York Mets, Steve Sax of the Los Angeles Dod-
gers, and Chuck Knoblauch of the New York Yankees (36). Knoblauch was a Gold
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Glove winning second baseman who developed an inability to throw to first base (37).
While some players moved from positions requiring short throws (catcher, infield) to
positions requiring longer throws (outfield), this did not always keep their careers
alive. Additionally, most were treated from a psychological perspective and unfortu-
nately did not undergo movement disorders evaluation at the time to potentially
improve symptoms of a highly task-specific dystonia.

SUMMARY

In summary, there is evidence to suggest that some athletes, especially golfers, may
develop a task-specific dystonia. As with some other forms of dystonia, the extent of
organic and psychological factors remains unanswered. It is likely that some athletes
suffer from performance anxiety alone while others have an involuntary movement
disorder that is worsened by anxiety. Multidisciplinary approaches to athletes with
dystonia are needed. Further research is necessary to determine the extent of this dis-
order as well as potential treatment options.
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INTRODUCTION

Dopa-responsive dystonia (DRD) is a clinical term first proposed by Nygaard et al.
(1) and later modified by Calne (2). Initially, this term was used to describe an auto-
somal-dominant DRD, now termed autosomal-dominant guanosine triphosphate
cyclohydrolase I (AD GCH-I) deficiency. However, it is now used more comprehen-
sively, and refers to all dystonias responding to levodopa. This chapter will review
the clinical characteristics of the DRD, but will emphasize AD GCH-I deficiency
and autosomal-recessive tyrosine hydroxylase (TH) deficiency.

AUTOSOMAL-DOMINANT GUANOSINE 50-TRIPHOSPHATE (GTP)
CYCLOHYDROLASE I (AD GCH-I) DEFICIENCY (SEGAWA DISEASE):
DOMINANT-TYPE DYT5

Introduction

The proper term for autosomal-dominant DYT5 or Segawa disease is AD GCH-I
deficiency. The dystonic symptoms associated with an AD GCH-I deficiency are caused
by mutation of GCH-I gene, located on chromosome 14.q22.1 to q22.2. This disease was
initially reported as hereditary progressive dystonia with marked diurnal fluctuation
(HPD), an autosomal dominantly inherited generalized, postural dystonia. The hall-
marks of this syndrome included onset in childhood, diurnal fluctuation of symptoms,
and marked and sustained response to levodopa (3–5). Prior to molecular identification
of the causes of HPD, Deonna et al. (6) termed this disorder Segawa syndrome. The
descriptions included AD GCH-1 deficiency and also recessive TH deficiency or recessive
DYT5. In 1988, Nygaard et al. (1) proposed the term DRD; the criteria later defined by
Calne (2) was the same as that of HPD. Because of these reports, the literature of the
1990s uses the terms DRD or HPD/DRD in most English language journals.

Prior to the identification of the GCH-I gene, the symptoms of HPD had
already been known to be highly age related (7), and presence of adult-onset patients
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without dystonia were known (7). Since the discovery of the causative gene, the
phenotypical variations have been markedly expanded (8,9). Some childhood-onset
patients were shown to have focal (8), segmental (10), or action dystonia (11). Other
neurological conditions associated with this allele include psychiatric disorders,
autism, depression, and migraine; furthermore, a group of subjects found to be com-
pound heterozygotes showed hypotonia, failure in locomotion, and delay in mental
and motor development in infancy (12). Additionally, a family with a dopa-responsive
myoclonus-dystonia syndrome has been reported (13).

Clinical Signs and Symptoms

The clinical characteristics of AD GCH-I deficiency are based on the long-term care
of 14 personal cases of the authors (5,14), and the review of an additional 46 familial
and 19 sporadic Japanese cases reported from 1971 to 1990 (Table 1) (7).

The initial descriptions have been expanded with continued follow-up of child-
hood-onset cases (15), and the phenotypic variation has been modified by studies of
late-onset cases and by cases identified after the discovery of the causative gene
(Table 2) (8,10–12,16).

The age of onset assessed in 43 childhood-identified cases ranged from 1 to 11
years. All but one had symptom onset of within the first decade, and the average age
at onset was 6.1þ/� 2.4 years (familial cases 6.3þ/� 2.2 years and sporadic cases
5.9þ/� 2.7 years). An additional eight cases belonged to the parental generation,
with an age of onset ranging from 2.6 to 34 years, including three cases with onset
at 11, 18, and 34 years. Recently, a 58-year-old father of a female patient with action
dystonia with onset at eight years was discovered (10). The age of onset in the
remaining six patients, grandparents of affected children, ranged from 50 to 65 years,
except for one subject who reported symptoms at age eight years.

Of 51 cases with onset in the first decade, the initial symptom was postural
dystonia of one leg with gait disturbance in 46 cases (90.2%). The remaining

Table 1 Clinical Characteristics of Autosomal-Dominant Guanosine Triphosphate
Cyclohydrolase I Deficiency

Onset in the first decade with foot dystonia. A few cases have onset in adulthood with
postural tremor

Marked diurnal fluctuation, which, however, attenuates with age
Apparent progression in the first two decades, attenuates with age; progression becomes

unapparent after the fourth decade
The main symptom is postural dystonia with lower extremity predominance. Postural

retrocollis may occur. In a few cases, action dystonia with action retrocollis with or without
oculogyric crisis, focal or segmental dystonia are observed. No patients show axial torsion

Tremor: postural tremor with frequency of 8–10 Hz, occurring in one upper extremely and expand
to all limbs and neck muscles by the fourth decade. No parkinsonian resting tremor of 4–5 Hz

Bradykinesia appears later. Locomotion is preserved
Deep tendon reflexes exaggerated in all, some with ankle clonus or striatal toe,

no Babinski sign
Levodopa shows marked and sustained response without any unfavorable side effects.

The dose of levodopa can be reduced later
Asymmetry is observed, in most patients with left-side predominance
Female predominance
Stagnation of the growth of body length in childhood-onset patients
Autosomal-dominant inheritance with low penetrance

220 Segawa et al.



five cases (9.8%) presented with postural dystonia of the hand (three), hand tremor
(one), or leaning of the trunk (one). In eight late-onset cases, postural tremor, gait dis-
turbance, or both were the initial symptoms. Tremor was observed in 13 cases (20%).
Although tremor did occur before 10 years in 3 of 13 cases, in most instances tremor
developed beyond the age of 10 years; four developed tremor prior to the age of 20
years and six after 30 years of age. Tremor is not observed in patients receiving levo-
dopa prior to 10 years of age. Slowness in movement or bradykinesia was observed in
all cases, and with progression, showed retropulsion, hypomimia, and dysarthria.

Diurnal fluctuation of symptoms is observed in all with onset in childhood. The
neurological symptoms aggravate toward the evening and recover markedly in
the morning after sleep. In the early stages of childhood, there was almost a complete
recovery, but the grade of fluctuation of dystonia attenuated with age. In cases with
onset in early childhood body length fails to grow normally with the onset of dysto-
nia and becomes short stature in the ages of late teen.

Neurological Examinations

With the exception of the motor examination, the neurological examination in people
with DRD is essentially unremarkable. The tendon reflexes are brisk and ankle clonus
may be observed, but the plantar reflexes are flexor. Although, some patients exhibit
sustained dorsiflexion of the toe, this ‘‘striatal toe sign’’ is not elicited by plantar
stimulation, and is associated with basal ganglia involvement. Although muscle
stretch reflexes demonstrate a rigid hypertonus, there is no plastic rigidity, and repea-
ted testing will produce fluctuations in tone. There may be a high-frequency postural
tremor (8–10 Hz), but a Parkinson-type, resting tremor has not been reported.
These clinical signs show asymmetry, but the pattern of involvement of the sterno-
cleidomustoideus (SCM) differs between rigidity and tremor. That is, the side of
predominant affected in the SCM is contralateral to that of extremities in rigidity,
while it is ipsilateral in tremor. Bradykinesia or postural instability may emerge
with advancing symptoms of dystonia. Freezing phenomena or the ‘‘marche a petit
pas’’ of Parkinson’s disease (PD) is not seen, and locomotion is preserved throughout
the course of illness. There are neither cerebellar signs nor sensory disturbances.

Clinical Course

The clinical symptoms of AD GCH-I deficiency vary with age of onset. Typically,
symptoms begin in childhood with a postural dystonia involving a lower extremity,

Table 2 Phenotypical Variation Clarified after Detection of the Causative Gene

Focal dystonia: writer’s cramp and guitarist’s finger
Action dystonia
Paroxysmal dystonia
Spontaneous reduction and exacerbation of dystonia
Dystonic spasm with or without pain
Oculogyric crisis
Muscle hypotonia with delay in development in crawling
Delay in development of language
Complete recovery only after the administration of 5-hydrosytryptophan or

tetrahydrobiopterin
Psychological symptoms: autism and depression
Migraine
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mostly as pes equinovarus. This symptom often expands to all limbs by 10 to 15 years
of age with aggravation of dystonic hypertonus. Around the age of 10 years, the
postural tremor appears in one upper extremity. Dystonia progression tends to slow
with age and becomes almost stationary by the fourth decade. Postural tremor
continues to spread to other limbs; around the fourth decade, it appears on all extrem-
ities, including the neck muscles. Importantly, the diurnal fluctuation, particularly
that associated with dystonia, declines with age. It may not be readily apparent by
the age of 20 years, and almost disappears in the fourth decade. However, the asym-
metry of symptoms persists throughout the course of illness.

It is noteworthy that the progression of this disease also varies with the age of
onset. Patients developing symptoms in the second decade tend to start with dystonia
of the upper limbs with or without postural tremor. Those with onset in adulthood
start with hand tremor without dystonia and diurnal fluctuation. Although there is
mild rigid hypertonus, it shows no apparent progression. Exaggeration of tendon
reflexes is a characteristic feature of child patients, and short stature is not observed
in patients with onset after late childhood or adolescence. The asymmetry of symp-
toms is commonly observed without any relation to the age of onset (17).

Clinical Variation

Besides the phenotypical variation related to age at onset, the discovery of the gene
has greatly expanded the spectrum of this presentation (Table 2) (7). While postural
dystonia is the hallmark of AD GCH-I deficiency, there were families with some
patients who show action dystonia involving the upper extremity or the neck, usually
as retrocollis. In a review of 28 gene-proved patients from 15 families, five patients
from three families had action dystonia besides postural dystonia. Furthermore, par-
oxysmal dystonia, dystonic cramp, and oculogyric crisis were observed in patients
with action dystonia (10,17). This suggests a possibility of effects of the loci of
mutation in the GCH-I gene on this phenotypical variation (10,17). Other symptoms,
such as depression, migraine, autism, hypotonia, failure in locomotion, and delay in
mental and motor development may be related to depletion of serotonin (5HT) in
early developmental course, which could occur with marked deficiency of GCH-I.
The heterogeneity of symptoms in this disorder appears to be related to age at onset,
pathophysiological differences probably due to the loci of mutation, and the grade of
the involvement of serotonergic neurons (10).

Treatment and Prognosis

In most cases, a dose of 20 mg/kg per day of levodopa without decarboxylase inhibi-
tor alleviates the symptoms completely (14,15). With decarboxylase inhibitors, the
corresponding doses are 4 to 5 mg/kg per day. Some patients starting treatment with
plain levodopa without decarboxylase inhibitor before 10 years tend to decrease the
responsiveness to plain levodopa after around 13 years (15). Older-onset subjects do
not always respond to levodopa alone. To these patients levodopa with decarboxy-
lase inhibitor is recommended. In a few cases choreic movements develop by a rapid
increase of dosage or by administration of a higher dose of levodopa in initial stage
of treatment, but these symptoms respond to dosage reduction (14). In cases with
action dystonia, action retrocollis and oculogyric crisis may be aggregated by initial
doses. In cases with compound heterozygote, aggravation of dystonia by initial dos-
age is prominent (12). In these patients after titration to an optimal dosage, the effect
of levodopa is sustained, rarely requiring adjustment, and usually without unfavorable
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side effects (12,14,15). Levodopa is effective in almost all cases, and often, may be
reduced after the age of 30 years (15).

Anticholinergic drugs may have a marked and prolonged effect, but do not afford
a complete relief, either clinically or polysomnographically. However, anticholinergic
drugs are helpful in cases with oculogyric crisis (15). Amantadine has proven beneficial
for levodopa-related chorea (18). Bromocriptine is also effective but does not provide
complete relief (19). Tetrahydrobiopterin (BH4) treatment was attempted on HPD/
DRD patients, (20–24) but with the exception of one case report, no favorable effects
have been obtained with BH4 monotherapy (21). In a case with compound heterozygote,
administration of BH4 is necessary for complete recovery (12).

Prior to the introduction of levodopa as a treatment regimen, unilateral stereo-
tactic pallidotomy and nucleus ventralis lateralis (VL) thalamotomy were performed
in one female patient. Lifetime follow-up information was available in this patient
with the onset of dystonia at the age of six years, later proved to have a mutation
of GCH-I gene (25). The pallidotomy performed at 30 years improved postural dys-
tonia and dystonic spasm. Ipsilateral VL thalamotomy seven years later was effective
on postural tremor. However, the effect of the pallidotomy on postural dystonia was
incomplete, and the VL thalamotomy showed no further beneficial effects on the
postural dystonia that remained after the pallidotomy. Levodopa started at the
age of 41 years showed marked effects. The effect was complete on the non operated
side, while it was not complete on the operated side. These effects continued without
any side effects until 71 years when she was deceased.

Investigation

Biochemical studies

Serial spinal fluid examination of catecholamine metabolites reveals low levels of
homovanillic acid (HVA) throughout the day, but afternoon concentrations were less
than that in samples collected in the early morning (26–29). Both biopterin and neop-
terin levels in the cerebrospinal fluid (CSF) are markedly below (20%) the normal range
(24,30–32). Moderate reduction of these substances is also observed (about 30–50% of
normal levels) in CSF of asymptomatic carriers of AD GCH-I deficiency (33).

Ichinose et al. (34) estimates the activity of GCH I in the mononuclear blood
cells of patients with AD GCH-I deficiency to be less than 20% of those in normal
individuals, while asymptomatic carriers reached 30% to 40% of normal levels.
Phenylalanine-loading tests in both child and adult patients reveal a six-hour increase
in phenylalanine levels (35). In addition, the phenylalanine to tyrosine ratio levels
remain elevated during the postloading period, while biopterin levels decline, sug-
gesting that the decrease in liver phenylalanine hydroxylase activity may be due to
defective BH4.

Neuroimaging

MRI and CT scans of the brain show no abnormalities, while PET scanning demon-
strates normal or low normal (18F) dopa uptake levels (36–38). Patients with onset at
older ages (39) and an asymptomatic carrier (40) also showed normal levels. These
results suggest a functional deficit of dopamine (DA) metabolism, specifically con-
cerning decrease in the hydroxylation of tyrosine and preservation of the activities
of aromatic acid decarboxylase (36). While [11C] raclopride PET shows normal activity
in symptomatic subjects (41), [11C] N-spiperone PET reveals mild increase in receptor
binding (42,43). Interestingly, no increase in receptor binding was demonstrated in
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follow-up PET analysis after seven months of levodopa therapy (42). Thus, the
increase of DA D2-receptor binding is not considered a factor determining the clinical
state of AD GCH-I deficiency (42). Furthermore, (123I) ß-CIT SPECT scanning is
normal in this condition, suggesting that impairment of the DA transporter molecule
does not seem to play a role in this disease (44).

Neurophysiological Studies

Polysomnography (PSG) in subjects who were later shown to have heterozygous for
the GCH-I gene mutation revealed abnormalities of the DA regulated, phasic
components of sleep. These changes include a decrease in the number of gross move-
ments and twitch movements (TMs), and an increase in rapid eye movement (REM)
activity. Sleep structure, percent sleep stages, and other parameters modulated by the
brainstem aminergic neurons remain normal (4,45,46). The phasic components of
sleep are modulated by the basal ganglia and the nigrostriatal (NS)-DA neuron,
while the number of TM during REM sleep reflect NS-DA neuronal activity
(45,46). Normally, REM-associated TM decline with age and decremental nocturnal
variation with sleep cycle.

In AD GCH-I deficiency age and the nocturnal variations of the TM are pre-
served, but the amount of TM decline to approximately 20% of normal values
(16,47). In addition, horizontal REM demonstrate side preference toward the side
with predominantly affected limbs (16,47,48). Although similar findings have been
noted in case of hemi-parkinsonism, (16,47) studied on four subjects with hemidys-
tonia demonstrated horizontal REM directed away from the affected side (16,47,48).

Other neurophysiologic assessments include measurement of saccadic eye
movements and magnetic stimulation. Neuro-ophthalmologic evaluation reveals
abnormalities in both visually guided and memory-guided voluntary saccades, and
implicates involvement of both the direct and the indirect pathways (49,50). Besides
hyperactive nigro-collicular inhibition associated with slowing in both memory-
guided and visually guided saccades, disinhibition of the superior colliculi has been
postulated by failure in suppression of unnecessary saccade in memory-guided task.
Supracranial magnetic stimulation was normal, showing preservation of the corti-
cospinal tract (51).

Brain pathology and histochemistry

Neuropathological and neurohistochemical study was available of an 18-year-old
woman with DRD who died in a traffic accident, (52,53) and later proven to be
AD GCH-I deficiency by DNA analysis (54). Neuropathological examination
revealed no abnormalities except decrease in melanin pigmentation of the neuron
of the pars compacta of the substania nigra, particularly in the ventral tier of it. His-
tochemically, DA content was reduced in the pars compacta in the substantia nigra
and striatum. Similar to PD, the reduction was greater in the putamen than in the
caudate nucleus, and subregionally, more in the rostral caudate and the caudal
putamen. In contrast to PD this case showed a greater DA loss in the ventral sub-
division of the rostral caudate than its dorsal counterpart, and the activity and pro-
tein content of TH was decreased only in the striatum, while it was within the normal
range in the substantia nigra (53).

Furukawa et al. (55) report similar findings in two autopsied brains. Although
the DA content in the striatum was not reported, these investigators did show
marked reduction of total biopterin (84%) and neopterin (62%) in the putamen,
despite normal concentration of aromatic acid-decarboxylase, DA transporter and
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vesicular monoamine transporter. Additional postmortem study of an asymptomatic
carrier by these investigators found modest reduction of TH protein (52%) and DA
(44%), despite marked reduction of striatal biopterin (by 82%) (56).

Molecular Biological Studies

Nygaard et al. (57) mapped the DRD locus to a 22cM region, between D14S47
(14q11.2-q22) and D 14S63 (14q11-q24.3) on chromosome 14q. Ichinose et al. (34)
examined patients with AD GCH-I deficiency and confirmed this mutation involved
the GCH-I gene located on 14q22.1-q22.2 (57). Although more than 100 independent
mutations have now been identified in the coding region of GCH-I, no changes are
seen within affected pedigrees, which differs among families but is identical in one
family (8,34,58). The rate of mutant GCH-I mRNA production against normal
RNA was 28% in a patient but it was 8.3% in the asymptomatic carrier (59,60).
The extensive genetic evaluation, combined with spinal fluid study of the biopterin
and neopterin levels and mononucleocyte GCH-I levels in asymptomatic carriers,
have confirmed that HPD/DRD is an autosomal dominantly inherited GCH-I
deficiency with low penetrance (34,40,61).

Molecular analysis remains unable to determine mutations of the coding region
of the gene in approximately 40% of subjects with GCH-I deficiency (62). In some of
these subjects abnormalities in intron genomic deletion, (58,63) a large gene
deletion, (64) an intragenic duplication or inversion of GCH-I, or mutation in as
yet undefined regulatory gene modifying enzyme function may be important (62).

Pathophysiology

Although the pathogenetic mechanisms for dominant inheritance are unknown, a clas-
sic dominant-negative effect (65,66) and destabilizing effect have been considered (67).
The wide variations in clinical expression depend on a number of factors, including the
locus of the genetic mutation and ratio of mutant versus normal gene in the area of
active neurological substrate. The ratio of mutant/wild-type GCH-I mRNA in lym-
phocytes was higher in an affected individual than an unaffected heterozygote, and
varies depending on the locus of the mutation (60,67,68). Furthermore, the ratio
differed among affected individuals in some families, depending on the locus of the
mutation (60,68). This suggests that the degree and the pattern of inactivation of nor-
mal enzyme by mutant gene differ among the locus of mutation (60,68) and may cause
inter- and intrafamilial variation of the phenotype as well as the rate of penetrance as
the locus of mutation differs among families.

GCH-I is the rate-limiting enzyme for the synthesis of BH4, the coenzyme for
synthesis of TH and also tryptophan hydroxylase. In AD GCH-I deficiency the TH
appears to be preferentially affected when compared to tryptophan hydroxylase. This
could be explained by the difference in distribution of GCH-I mRNA in DA and 5HT
neurons (69) or the destabilization of the molecule of TH or impairment of axonal
transport (56). There is the difference of Km value for TH and tryptophan hydroxy-
lase (70). With heterozygotic mutant gene, the BH4 decreases partially in AD GCH-I
deficiency. Thus, TH with higher affinity to BH4 is affected rather selectively. In mole-
cular conditions with marked decrease of BH4, both tryptophan hydroxylase and TH
are affected, producing symptoms induced by deficiencies of the 5HT neurons.

Complete and sustained response to levodopa, especially given the absence of
morphological changes, further suggests that the lesion in AD GCH-I deficiency is
restricted to the NS-DA neurons (5,14). The onset in the first decade of life and
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the age-related clinical course correlates to the decremental age variation of the
activities of TH at the terminals of the NS-DA neuron in the caudate nucleus (71).
Neurohistochemistry studies confirm the decrease of the TH protein and its activities
at the terminal, and the PSGs suggested that the TH activities at the terminal follow
the decremental age and nocturnal variation of normal individuals with low levels
but without progressive decrement of the activities (16,47). TH activity of the NS-
DA neurons also shows circadian oscillation in the terminals (71). However, these
age- (71) and state-dependent variations (71,72) are not observed in the substantia
nigra or the perikaryon of the nigrostriatal DA neuron (71,72). These features sug-
gest that AD GCH-I deficiency is not a progressive or degenerative disorder and the
NS-DA neurons preserve their fundamental functions.

Study of GCH-I activity in stimulated mononuclear blood cells show age depen-
dent, decreasing activity in the first three decades of life (73). Furukawa and Kish (74)
measured brain biopterin levels in 57 normal subjects ranging in age from one day to
92 years and have demonstrated increasing putamenal biopterin levels in the post-
natal period, reaching a plateau at 1 to 13 years of age, before declining in adulthood.
In addition, pteridine metabolism has a critical period beginning early in infancy and
extending to early childhood (75). These results imply important roles for GCH-I
and BH4 for neuronal development in the first and the second decades of life.

Studies on the compartmental substructure of the human striatum revealed that
within the rostral caudate, in particular, the medial/ventral portions, the striosomes/
patches, or D1-direct pathways are more numerous, whereas in the dorsal/lateral por-
tions the matrix compartment is more homogenous (76,77). Hornykiewicz (53) suggests
that the DA loss in AD GCH-I deficiency is more prominent in the striosomes/patches
compartment, the terminal for the D1 receptor. Clinically, it is suggested that the
D1-direct pathways mature earlier than the D2-indirect pathways (78). However,
dopa-responsive growth arrest seen in children with AD GCH-I deficiency is a reflec-
tion of the tuberoinfundibular D4-receptor involvement. The D4 receptor belongs to the
D2-receptor family, which, however, matures early among D2 families (79). Thus,
the DA neuron in which the DA synthesis is modulated by pteridine metabolism might
regulate DA receptors that mature early in the developmental course.

Tremor is levodopa responsive but develops independently, from symptoms of
dystonia. The side predominance of tremor is identical to dystonic hypertonus in the
extremities while it is contralateral in the SCM. These suggest a different pathophy-
siology of tremor from that of dystonia and postulate locus of responsible lesion in
the downstream of the striatum. Kreis et al. showed that the DA neuron mediates the
subthalamic nucleus (STN) via the D1 receptor located on the nucleus (80,81).
Thus, for tremor the DA neuron innervating to the STN with D1 receptor is
postulated to be involved (10,48). For generation of the rhythmic discharge of
tremor the circuits consisted with the STN and two globus pallidusis are considered.
In addition, response of the tremor to stereotactic VL thalamotomy suggests involve-
ment of the ascending pathway to the VL nucleus of the thalamus (10,25). Given that
ascending pathways to the thalamus develop later than the descending pathways
(76), increasing age may be a factor for development of tremor. Further support
for the D1-receptor-mediated hypothesis stems from PET findings of preserved
function of D2 receptors, (41–43) and suggests that the striatal indirect pathway does
not play a role in the generation of symptoms.

However, PSGs of AD GCH-I deficiency patients with action dystonia
suggested DA-receptor supersensitivity besides the involvements of the indirect
pathways (46). The same situation as the hypersensitivity of the D2 receptor could
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be explained by the hypofunction of the STN. Thus for development of the action
dystonia, and related phenotypes, hypofunction of the DA neurons projecting to
the STN with D1 receptor is postulated.

Although neurochemically distinct from AD GCH-I deficiency, neurophysiolo-
gic procedures in DYT1 patients may provide evidence for understanding pathway
involvement in postural and action dystonia (82). Altering the descending pathway
of basal ganglia to the brainstem reticular formation through posteroventral
pallidotomy (83) or deep brain stimulation to the pallidum is effective in treating
symptoms of postural dystonia. For action dystonia the ventralis oralis posterior
thalamotomy is effective (10,11,84).

Thus, for postural dystonia the descending pathway of the basal ganglia to the
brainstem reticular formation and for action dystonia the ascending pathways of
the basal ganglia to the specific nucleus, e.g., the Voa nucleus of the thalamus are
considered to be involved (10,11).

The 5HT neuron involves modulation of locomotion and postural tone as well
as of behavioral function. The hypotonia and failure in locomotion, that is, crawling
observed in patients with compound heterozygotes (12) are associated with
deficiency of the 5HT-regulated activities. Preservation of interlimb coordination
or locomotion in AD GCH-I deficiency may depend on the preservation of the des-
cending output of the basal ganglia to the pedunculo pontine nucleus (PPN)
(10,48,85). Moreover, early disturbance of the postural tone and locomotion may
affect the PPN that induces dysfunction of the DA neurons of the substantia nigra
and the ventrotegmental area (86). This may induce DA dysfunction other than that
caused by GCH-I deficiency and may relate severity of symptoms and the early
occurrence of dyskinesia in these patients.

Although there is loss of striatal TH protein, in the substantia nigra TH protein
was normal in two autosomal-dominant GHC-I deficiency patients. Furukawa
et al. (55) suggest that BH4 may control protein stability rather than expression.
Leff et al. (87) presented gene transfer data and suggested a role for stabilization
of TH protein by coexpression of GCH-I in vivo. Sumi-Ichinose et al. (88) showed
loss of TH protein but not of TH mRNA in the brains of BH4-deficient mice.

These extensive and diverse data suggest that AD GCH-I deficiency leads to
the decrease of the TH protein or DA in the ventral area of the striatum. This in turn
causes disfacilitation of the D1 striatal direct pathway, and disinhibits the output
projection of the internal segment of the globus pallidus and pars reticulata of the
substantia nigra, which suppress the reticulospinal tract and the superior colliculus.
Reticulospinal tract suppression may cause postural dystonia with exaggeration of
the tendon reflexes without extensor plantar reflexes. However, the output projection
to the PPN may not be affected, so the locomotion is preserved. Whereas, with
involvement of the DA neuron innervating to the STN with D1 receptor, the ascend-
ing outputs to the thalamus are disfacilitated and develop tremor and action
dystonia. Focal and segmental dystonia observed in patients with action dystonia
may be caused by dysfunction of the motor cortex due to disinhibition of the thala-
mocortical pathway. This process may also involve the failure in suppression of
unnecessary saccade in memory-guided task.

The pathophysiologies of AD GCH-I deficiency are shown in Figure 1, type of
postural dystonia in (a) and that of action dystonia in (b).

Ichinose et al. (34) showed that the base levels of GCH-I in the mononuclear blood
cells were higher in males, but this has yet to be confirmed. Furukawa et al. (89) showed
a much higher penetrance in females (87%) than in males (38%), and similar results have
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been seen in the authors’ 47 subjects: the ratios of symptomatic carriers were 26/30
(87%) in females and 6/17 (35%) in males. Thus, marked female predominance might
depend on a genetically determined gender difference of the DA neuron (90).

Further studies are necessary to confirm these speculations. In addition, it is neces-
sary to clarify the pathophysiology with which a heterozygous maturation of the GCH-I
gene decreases TH protein in the striatum and affects particular NS-DA neurons and the
neuronal pathways of the basal ganglia depending on the locus of the mutation.

Diagnosis

Confirming the diagnosis of DRD is usually not difficult in the setting of character-
istic clinical symptoms. The phenylalanine-loading test is helpful, but may yield a
false-negative result, while the estimation of GCH-I activity in peripheral nucleated
cells is more accurate, but technically complicated. Thus, estimation of neopterin
and biopterin levels in CSF is the most reliable for diagnosis.

Differential Diagnosis

All children with gait disturbance and limb dystonia should be evaluated for
AD GCH-I deficiency. Other conditions with this clinical presentation may include
Wilson’s disease, Hallervorden–Spatz disease, hereditary spastic paraplegia, and
cerebral palsy. AD GCH-I deficiency is often misdiagnosed as hereditary spastic
paraplegia. In addition, Duchenne muscular dystrophy, psychological reaction, or

Figure 1 (A) Postural dystonia type. (B) Action dystonia type. Abbreviations: eGP, external
segment of globus pallidus; iGP, internal segment of globus pallidus; STN, subthalamic
nucleus; SNc, substantia nigra pars compacta; SNr, substantia nigra pars reticulata; SC,
superior colliculus; PPN, pedunculopontine nucleus. Symbols: solid, single and open lines de-
note pathways involved in pathophysiology; the width shows degree of activities, dotted lines
denote pathways not involved in pathophysiology; single line denotes inhibitory neuron; open
line denotes excitatory neuron; closed triangle denotes inhibitory neuron; open triangle denotes
excitatory neuron; shaded region with dots denotes the area of the circuit for postural tremor.
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hysteria has been considered as an initial diagnosis. However, the differentiation of
AD GCH-I deficiency from these disorders is usually not difficult with careful clini-
cal examination, but for atypical patients estimation of CSF pteridine metabolites is
recommended (61).

Cases with axial torsion dystonia, including early-onset autosomal-dominant tor-
sion dystonia (DYT1), differ clinically from AD GCH-I deficiency in the pattern of
involvement of the SCM and muscles of the extremities; the side of the SCM predom-
inantly affected is contralateral to that of the limb muscles in AD GCH-I deficiency,
while it is ipsilateral in dystonias with axial torsion (11,45,46). This difference in the side
preference reflects changes in the NS-DA neurons in AD GCH-I deficiency instead of
the striatum or the pallidum in torsion dystonia. With a functional or morphological
lesion in the striatum or the pallidum cases with torsion dystonia show axial torsion
and consequently do not respond to levodopa. However, it should be taken into
consideration that AD GCH-I deficiency and also DYT1 may appear with focal or seg-
mental dystonia without general dystonia in adolescence or adulthood.

Dopa-Responsive Dystonia Other Than Autosomal-Dominant
Guanosine Triphosphate Cyclohydrolase I Deficiency

This group includes recessive disorders of pteridin metabolism and recessive TH defi-
ciencies (recessive DYT5). All of the inherited disorders of pteridine metabolism
develop levodopa-responsive dystonia caused by decrease of BH4 in infancy and
early childhood as in AD GCH-I deficiency (91). However, they show postural hypo-
tonia and psychological disturbances caused by the deficiency of 5HT activities.

Dopa-Responsive Dystonia Parkinsonism

All of juvenile parkinsonism (JP) is included in this group. They show parkinsonian
plastic rigidity and/or resting tremor predominantly, but appear as dystonia when
they occur in childhood to early teens. Although dystonia of JP responds briskly
to levodopa, dyskinesia develops soon after levodopa is started. Among JPs that
are caused by the parkin gene (PARK II) it is particularly important to differentiate
from AD GCH-I deficiency.

In addition, some patients with AD GCH-I deficiency develop symptoms later
in life (e.g., the 50s and 60s). In this population, tremor and gait disturbance are the
primary signs, and dystonia is absent or not prominent (7,92). In these patients
diurnal fluctuation is not observed (7,92), and often misdiagnosed as PD (7,10,14).
However, the tremor in these cases is mainly postural and their clinical features are
milder with minimal progression. (18F) Dopa Positron Emission tomography (PET)
scan and (11C) spiperone PET scan in these late-onset adult cases reveal normal
uptake rate, as observed in childhood-onset AD GCH-I deficiency (10). In these
patients, all symptoms including tremor, exhibit marked and sustained responses
to small doses of levodopa.

RECESSIVE DISTURBANCE OF PTERIDINE METABOLISM

Metabolic maps of pteridine metabolism and its relation to synthesis of dopamine
are shown in Figure 2.

The enzymes deficiency of which cause DRD are shown with wide letters.
Details of each deficiency are shown below.
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Recessive GTP Cyclohydrolase I Deficiency

Recessive GTP cyclohydrolase I deficiency is a rare disease among tetrahydropterin
deficiencies (93). This disease was initially reported in infants with severe motor and
mental retardation, hypotonia of the trunk and the extremities, convulsions, and fre-
quent episodes of hyperthermia without infection (94). These signs suggest severe
disturbance of 5HT neurons, and mask the hypertonus caused by DA deficiency.
Diagnosis is confirmed by marked decrease of neopterin, biopterin, pterin, iso-
xanthine, DA, and 5HT in the urine, and decreased CSF HVA, 5-hydroxyindole
acetic acid (5-HIAA), neopterin, and biopterin (94). Treatment with L-erythro
tetrahydrobiopterin has been demonstrated to be effective, but the D-erythro
tetrahydropterin form does not produce clinical benefit (94).

Recessive Pyruvoyltetrahydropterin Synthase Deficiency

The most common form of BH4 deficiency is 6-pyruvoyltetrahydropterin synthase
(PTPS) deficiency (93), and one of the causes of hyperphenylalaninemia (HPA) (95).
This disorder is frequently observed in Taiwan Chinese (96).

Symptoms appear in infancy with delay in motor and mental development, hypo-
tonia, abnormal involuntary movements, and seizures. Choreoathetoid movements may
not improve, despite good control of HPA (97), and interlimb coordination is poor (98).
Limb dystonia becomes apparent later in childhood or in adolescence. Diurnally fluctu-
ating dystonia is also observed in the eyelids, oromandibular region, and trunk (98). In
contrast to dominant GCH-I deficiency this fluctuation is observed even in adults over
30 years of age (98). Diagnosis is performed by urine analysis by high-performance
liquid chromatography to demonstrate increase of neopterin and decrease of biopterin.

Figure 2 Inherited defects affecting the synthesis and catabolism of the serotonin and the
catecholamines. Abbreviations: GTP, guanosine triphosphate; NH2TP, dihydroneopterin tripho-
sphate; PTPS, 6-pyruvoyltetrahydropterin synthase; 6PTP, 6-pyruvoyltetrahydropterin; SR,
sepiapterin reductase; BH4, tetrahydrobiopterin; DHPR, dihydropteridine reductase; qBH2,
quinonoid dihydrobiopterin; BH2, 7-dihydrobiopterin; Phe, phenylalanine; PAH, phenylalanine
hydroxylase; Tyr, tyrosin; Trp, tryptophan; TPH, tryptophan dydroxylase; 5-HTP, 5-hydroxy-
tryptophan; TH, tyrosine hydroxylase; COMT, catechol-O-methyltransferase; 3OMD, 3-O-
methyldopa; 5HIAA, 5-hydroxyindoleacetic acid; MAO, monoamine oxidase; HVA, homovanil-
lic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol; SNA, serotonin N-acetyltransferase;
HIOMT, hydroxyindole-O-methyltransferase; AADC, aromatic L-amino acid decarboxylase.
The bars show the position of known inherited defects.
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Levodopa with BH4 (97,98) and with BH45-hydroxytryptophan (5-HTP) (99)
produces dramatic and sustained effects. However, Tanaka et al. (100) observed
on-off phenomenon in a 10-year-old Japanese girl with oral levodopa (2 mg/kg
per day). The motor fluctuations improved after continuous intravenous infusion
of levodopa at plasma concentrations in 120 to 150 mg/dL. BH4 supplementation
with restriction of high-protein foods reduced HPA, but not improve did motor
symptoms. Because 5-HTP is associated with improved cognitive testing (101), early
treatment with combination of BH4, levodopa, and 5-HTP is recommended (101).

Molecular Genetics

Forty-three mutant alleles associated with deficiency of DA and 5HT, have been
identified on chromosome 11q22.3-q23.3 (102). A patient with the homozygous
K219E allele had transient HPA (103). Upon cotransfection of two PTPS alleles,
the N47D allele had a dominant-negative affect on both the wild-type PTPS
and the D116G mutant, which had around 66% of the mild-type activity with relative
reduction to about 20% of control values (104). This suggests the possibility of exist-
ence of autosomal-dominant PTPS deficiency.

Pathophysiology

In PTPS deficiency 5HT and DA demonstrate decreased activity. The 5HT neuron
has important roles for development of the central nervous system and modulation
of the postural tone and locomotion in early infancy. The decrease in activities of
the TH caused by BH4 deficiency is considered to be restricted at the terminal of the
NS-DA neuron as observed in AD GCH-I deficiency. With this lesion, DA defici-
ency does not cause any disturbance of the higher cortical function (HCF) as in AD
GCH-I deficiency. The decrease of the DA activity in PTPS deficiency has no effects
in development of the mental activity, and mental retardation, hypotonia, and fail-
ure in locomotion are results from 5HT deficiency. The 5HT neuron modulating the
postural tone and locomotion is involved in the development of the HCF in the later
two-third of infancy. Perhaps similar to girls with Rett syndrome, the deficiency of
the 5HT neuron which causes postural hypotonia and failure of locomotion leads to
the disturbance of the PPN and consequently affects the DA neuron of the substan-
tia nigra (86). These DA defects in the substantia nigra occurred secondarily, which
might affect the development of the frontal cortex. Early recognition and treatment
for 5HT deficiency are cardinal for preventing the HCF in PTPS deficiency.

Recessive Sepiapterin Reductase Deficiency

Bonafe et al. (105) reported two patients with progressive early-childhood psycho-
motor retardation and dystonia associated with severe reduction of 5-HIAA and
HVA metabolites and high levels of biopterin and dihydrobiopterin in the CSF.
The children also exhibit normal urinary pterines and without HPA. Analysis of skin
fibroblast clarified inactive sepiapterin reductase (SR) that was confirmed by muta-
tions in the SR gene.

Neville et al. (106) presented additional seven patients with two pairs of siblings
from Malta. They presented with motor delay in infancy and severe cognitive impair-
ments and sleep effect became apparent in early childhood. Diurnal variation of
motor impairment was clear in all cases. Oculogyric crisis was observed in six
of these children. In addition to retrocollis in several of the cases, one exhibited exten-
sor tonic attack of the neck and trunk in infancy without oculogyric crisis. In five cases
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limb dystonia was observed, two in infancy and three in childhood. Two showed
parkinsonian tremor in two to three months and seven months of age, respectively,
and the other two had choreic movements in childhood. In three bulbar involvement
became apparent in infancy or childhood. One patient shuffled on her bottom until
the age of three to four years suggesting abnormalities in locomotion.

Although minor motor problems persisted, levodopa showed dramatic effects
on dystonia, tremor, and oculogyric crisis, and six of the seven cases became able to
walk. Careful adjustment of the dosage was a need to balance improvement in
dystonic against aggravation of chorea. Unfortunately, the progressive intellectual
disturbances do not respond to levodopa.

At molecular level, it is due to a single gene defect causing SR deficiency (IVS-II,
2G) and the mutation of the second nucleotide in the second exon–intron junction is
thought to impair transcription processing and diminish sepiapterin messenger RNA
levels [Farrugia R, Scern CA, Montalto SA, et al. Molecular pathology of tetrahydro-
biopterin (BH4) deficiency in the Maltese population]. Deficiency of SR affects the
alternative pathways of the cofactor BH4 via carbonyl, aldose and dihydrofolate
reductases. As a consequence of the low dihydrofolate reductase activity in the brain,
dihydrobiopterin intermediately accumulates in the brain and inhibits TH and
tryptophan hydroxylase and uncouples nitric oxide synthase leading to deficiency
of DA and 5HT and possibly to neuronal cell death (107); while with high dihydro-
folate reductase in peripheral tissues, HPA does not occur.

Recessive Dihydropteridin Reductase Deficiency

Although the incidence of recessive dihydropteridine reductase (R-DHPR) deficiency
among BH4 deficiencies are not small (93) case reports of R-DHPR deficiency were
rare. A Japanese boy reviewed by Nomura et al. (91) started symptoms at two
months of age with dystonic posture in action or taking a certain posture that wor-
sens toward the evening or with longevity of the wakening periods. The boy’s motor
development was delayed and was able to sit at one year of age. Mental retardation
was also observed. Muscle tone at rest remained hypotonic at three years. While
anticholinergic drugs aggravated these symptoms, the dystonic movements partially,
but transiently, improved with levodopa. Around the age of 14 years, epilepsy
developed. Although marked and sustained improvement has been seen with the
coadministration of BH4 and levodopa in these patients, there are also reports
revealing negative effects of BH4 on DHPR deficiency patients with mutant DHPR
molecules (108). Biochemical examination of blood showed moderate HPA and
marked increase of plasma biopterin with normal neopterin levels. CSF examination
showed below normal neopterin and normal levels of biopterin and marked decrease
of HVA and 5HIAA levels.

RECESSIVE TYROSINE HYDROXYLASE DEFICIENCY

Recessive TH deficiency was first reported by Castaigne et al. (109) and was demar-
cated as DRD by Rondot et al. (110). Deonna (6) described this disorder as Segawa
syndrome with the dominant DRD (3,4). Knappskog et al. (111) demonstrated the
mutation of the TH gene located on chromosome 15. After the discovery of the gene,
a number of phenotypes were described by Hoffmann et al. and failure of intellectual
function is emphasized (112).
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Clinical Characteristics

In patients with predominance of motor dysfunction or benign type the first symp-
toms consist of dystonia and rigidity appearing in infancy to early childhood (110).
The dystonia starts in the lower limbs and expands to generalized dystonia (110,113).
Tremor is also observed in infancy (110). A girl patient reported by Grattan-Smith
et al. (114) developed shaking movements at two months of age that started in the leg
spreading to the head, tongue, and arms, and in six months it appeared as tremor.
The limb tremor worsened with attempted movements and that of the tibialis
anterior muscle showed a frequency of 4 Hz (114). The deep tendon reflexes are brisk
and show the feature of spastic paraplegia (115). However, plantar responses are
flexion. In some cases, the intensity of the motor disorder is less pronounced in
the morning or after a nap and more marked in the evening. However, this feature
is not constant and cannot be considered as an essential diagnostic criterion (113). In
these patients, academic progress is normal.

An alternative presentation includes severe axial hypotonia, hypokinesia,
dystonia, hypomimia, ptosis, and oculogyric crisis (116). Miosis and postural
hypotension are also observed, (114) as well as, paroxysmal irritability, sweating,
hypersalivation, pyramidal signs, and intellectual impairment. Moreover, these
infants exhibit a progressive encephalopathy with seizures and microcephalus (112).

Diagnosis

Decreased CSF levels of HVA and 3-C, together with normal pterin and CSF tyro-
sine and 5-HIAA concentrations are the diagnostic hallmarks of TH deficiency.
Measurements of HVA, vanillylmandelic acid, or catecholamines in urine are not rel-
evant for diagnosing TH deficiency (117). The diagnosis should be considered in all
children with unexplained hypokinesia and other extrapyramidal symptoms (118).

Treatment

In cases with predominance of dystonia or benign type, levodopa produces favorable
and sustained effects (110). Although abnormal movements or dyskinesia are accom-
panied by an overdose, they regress when the dosage is decreased (113). For a child
with severe axial hypotonia and ballistic movement a combination with selegiline, a
selective monoamine oxidase-B inhibitor, with low-dose levodopa was effective,
though levodopa monotherapy was unsuccessful (119).

Molecular Biology

Mutation of TH gene was firstly detected by Knappskog et al. (111) as a point
mutation (Q138K) in two siblings who had dystonia responding to levodopa. The
residual activity of TH was about 15% of the corresponding wild-type human TH
(hTH). A girl with severe phenotype had a homozygous point mutation (L205P),
which has low activity of approximately 1.5% of wild-type hTH (120). Three male
patients with compound heterozygous for TH mutation, two brothers (121), and
one isolated case (115) showed dystonia as main symptom and responded well to
levodopa. While patients with a blanch site mutation showed severe clinical pheno-
type (122). At this time 13 separate mutations have been identified, and suggest the
grade of decrement of TH activity may be involved in the site of the genotype.
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Pathophysiology

TH catalyzed the rate-limiting step in the biosynthesis of DA, noradrenalin (NA),
and adrenaline. Thus, deficiency of TH naturally develops symptoms caused by these
catecholamine deficiencies. Grattan-Smith et al. (114) proposed signs of DA
deficiency that included tremor, hypersensitivity to levodopa, oculogyric crisis, aki-
nesia, rigidity, and dystonia, while NA deficiency is associated with ptosis, miosis,
profuse oropharyngeal secretions, and postural hypotension. Hyperprolactinemia
observed in TH deficiency (112) implicates the D2 receptor upward regulation and
relates to hypersensitivity to levodopa. Furthermore, NA neurons have important
roles for modulation of memory system (123,124), behavior (125), and synaptogen-
esis of the cortex (126) in the developing brain. Clinically, these are observed in
extreme rote memory and aggressive behavior in infantile autism (127) and
stagnation of head growth in Rett syndrome (86). The NA neurons also involve
postural augmentation and locomotion (128). This clinically appears as postural
hypotonia and failure in locomotion and furthermore, this failure in locomotion
causes dysfunction of the DA neuron through the PPN that consequently affects
development of the frontal cortex (86). Thus, postural hypotonia and mental abnor-
malities with progressive encephalopathy are considered to be caused by early
deficiency of the activities of the NA neurons.

DYT14

Grötzsch et al. (129) report a patient with DRD who had linkage on chromosome
14q13. Clinical symptoms appeared at the age of three years with dystonia of both
legs, a peculiar tip toe gait, severe postural instability, and frequent falls. The
patient’s walking worsened with effort and toward the end of the day. Although
the surgical elongation of both of the Achilles tendons showed a transient benefit,
dystonia progressed to involve the upper limbs and impaired writing, dressing, eat-
ing, and self-caring. The patient required a wheelchair by 12 years of age. At initial
movement disorders clinic presentation at the age of 73 years, the patient exhibited a
resting tremor on the left leg and a severe rigid akinesia with dystonic posture in all
extremities with left-side predominance. Levodopa, at a dosage of 100 mg associated
with 25 mg benserazide three times daily, showed dramatic effect. Although walking
remained impaired, the patient developed full use of hands, and was stable until she
died of cardiopulmonary failure at the age of 77 years.

The autopsy of the brain revealed marked decrease of the melanized neurons
both in the substantia nigra pars compacta and in the locus coeruleus without neuronal
loss. The substantia nigra was more affected in the lateral part than the medial one and
the right side was more affected than the left. There was no glial infiltration or Lewy
bodies. These findings were similar to those of dominant GCH-I deficiency (52,55).

JUVENILE PARKINSONISM, PARKINSONISM–DYSTONIA COMPLEX

Autosomal Recessive Early-Onset Parkinsonism with
Diurnal Fluctuation

Autosomal recessive early-onset parkinsonism with diurnal fluctuation (AR-EPDF)
(130,131) or autosomal recessive juvenile parkinsonism (ARJP) (132) is a genetic
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disorder caused by parkin gene located on chromosome 6q25.2-q27 (133). CSF biop-
terin is reduced markedly but neopterin is within normal range. Neuropathology
revealed marked decrease in the pigmented nuclei in the pars compacta of the sub-
stantia nigra with glial infiltration in the ventral tier, but there was no Lewy body
(131,134). Histochemical examination revealed a decrease in DA and TH activities
in both the pars compacta of the substantia nigra and the striatum; in the latter, the
decrease of TH was more marked in the putamen than the caudate nucleus and
more prominent in its dorsal area than in the ventral area (135). Although the patho-
physiology has not been delineated, there is a JP that shows movement-related
fatiguability (136,137).

Among cases with AR-EPDF, some developed symptoms before the age of 10
years (138) with diurnal fluctuation of symptoms (130,131,138). However, in con-
trast to AD GCH-I deficiency, parkinsonian features develop with resting tremor
(130,131,138) in the second decade or later and the doses of levodopa need to
increase with early development of dopa-induced dyskinesia.

It is sometimes difficult to differentiate AR-EPDF from AD GCH-I D
clinically (139). In these cases, evaluation of pteridine metabolites in the CSF and
molecular biological studies are necessary, but estimation of voluntary saccade is
also valuable because it is preserved in AR-JP. It is important to differentiate
AR-EPDF and other JP from AD GCH-I deficiency, because patients with JP
develop levodopa-induced dyskinesia early after levodopa and it is often intractable
if levodopa is administrated before puberty.

SUMMARY

AD GCH-I deficiency is an autosomal-dominant DRD caused by heterozygous
mutation of the GCH-I gene located on 14q22.1-q22.2. Although a number of
mutations have been reported, the change remains highly stable within families,
and causes decrease of TH protein at the NS-DA neuron terminal. In addition
decreased BH4 levels early in the development affect DA receptors age dependently,
and produce a spectrum of specific symptoms attributed to neuronal changes traced
to processes of the development of the NS-DA neuron, related striatal projection
neurons, and the output projection of the basal ganglia (10,140).

Although postural dystonia is the prominent symptom, action dystonia and
segmental or focal dystonia may also occur. Moreover, some develop symptoms in
adulthood with tremor as a predominant feature but without dystonia and diurnal
fluctuation. These clinical symptoms improve completely by levodopa and the effects
sustain without any unfavorable side effects, and without any relation to the ages at
onset and longevity of the clinical cause before levodopa. These suggest the
functional abnormalities of the DA neuron without any neuropathological
abnormalities, and may be confirmed by neuroimaging, neuropathological, and neu-
rohistochemical studies.

Recessive disorders of pteridine metabolism also show DRD with similar
pathophysiology as AD GCH-I deficiency with loss of DA activity at the terminal
of the NS-DA neuron. However, the marked decrease of BH4 in this disorder
produces changes in tryptophan hydroxylase and a deficiency of 5HT, producing
hypotonia, failure in locomotion, and mental retardation. Although levodopa
improves motor symptoms, it does not alter the cognitive abnormalities.
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In recessive TH deficiency and in JP, DRD develops age dependently in child-
hood and early teen and with age it is overcome by parkinsonian symptoms. In
recessive TH deficiency D2 receptor is also involved and in JP the DA activities
decrease in both the terminal and the perikaryon of the NS-DA neuron. Although
the striatal direct projection might be involved in the dystonia, the involvement
of the D2 indirect pathway modifies the symptoms.

Existence of DYT14 suggests the heterogenity of the gene that involves the
modulation of the terminal of the NS-DA neuron innervating to the D1 direct
pathway connecting to the descending output but does not involve the modulation
of the CNS.
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INTRODUCTION

Dystonia is a neurological syndrome with sustained muscle contractions producing
an abnormal posture, and is usually secondary to central nervous system dys-
function. Dystonia is often classified by etiology, and may be primary (sporadic or
familial) or secondary. Secondary causes of dystonia have accompanying neurologi-
cal deficits or an identifiable structural or metabolic lesion. Classification of dystonia
based on etiology has undergone extensive modifications as new genetic bases for
some forms of dystonia and other primary neurological diseases have been identified.
(Chapters 3 and 8). Secondary dystonia can be further classified into symptomatic
dystonia and the dystonia plus syndromes. Symptomatic dystonia is due to an
identifiable brain disease, an obvious brain or peripheral insult, or a hereditary or
sporadic degeneration of the brain. The dystonia plus syndromes (1) have accompa-
nying neurological signs and/or clinical and laboratory findings suggestive of
neurochemical disorders, without evidence of an underlying neurodegenerative
process (Table 1).

Careful epidemiologic study of any neurological disorder remains challenging
(Chapter 2). Studies evaluating the causes of secondary dystonia are usually done in
tertiary movement disorder centers and tend to suffer from referral bias. In a
Brazilian study evaluating 46 patients with secondary dystonia, tardive dystonia
(34.8%) and perinatal injury (30.4%) were the most common etiologies. Other
important causes included stroke (13.0%), encephalitis (6.5%), and Wilson’s disease
(4.3%) (2). The Movement Disorders Center at Columbia Presbyterian Medical
Center reported that 80% of secondary dystonia cases were related to an environmen-
tal-exogenous cause, while 13% were psychogenic, 5% were related to inherited
diseases, and 2% to 3% were caused by other degenerative diseases (3). The exogenous
causes included tardive dystonia (40%), cerebral anoxia (15%), trauma (10%),
stroke (5%), encephalitis (4%), tumor or vascular malformation (1%), and other
conditions (5%).
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Table 1 Classification of Dystonia

Primary

Hereditary
Sporadic

Secondary

Symptomatic
Acquired

Structural
Infectious
Metabolic
Drugs and toxins

Hereditary syndromes
Autosomal dominant
Huntington’s disease
Dentatorubropallidoluysian atrophy
Spinocerebellar syndromes
Fahr’s disease
Autosomal recessive
Wilson’s disease
Juvenile Parkinsonism (PARKIN mutation)
Pantothenate kinase-associated neurodegeneration
Ataxia–telangiectasia
Vitamin E deficiency
Metachromatic leukodystrophy
Sphingolipidoses
Niemann–Pick disease
Neuronal ceroid lipofuscinosis
Homocystinuria
Hartnup disease
Organic acidurias
Tyrosinemia
X-linked
Lubag
Lesch–Nyhan syndrome
Rett syndrome
Pelizaeus–Merzbacher disease
Dystonia-deafness syndromes
Mitochondrial
Leber’s disease
Multiple forms of inheritance
Leigh’s syndrome
Neuroacanthocytosis
Neuronal intranuclear inclusion disease
Hemochromatosis

Neurodegenerative disorders
Parkinson’s disease
Progressive supranuclear palsy
Multiple system atrophy
Corticobasal degeneration
Multiple sclerosis

Dystonia-plus syndromes
Dopa-responsive dystonia
Myoclonus–dystonia
Rapid-onset dystonia–parkinsonism
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CLINICAL FEATURES

A detailed neurological history and examination is helpful in distinguishing primary
and secondary dystonia. Unilateral onset and early development of dystonia at rest
favors a diagnosis of secondary dystonia. In contrast, primary dystonia is associated
with a period of ‘‘action dystonia’’ followed by a period of ‘‘overflow dystonia’’ and
finally dystonia at rest. Persistence of dystonia during sleep is more common with sec-
ondary dystonia and leads to the consideration of an orthopedic or musculoskeletal
cause. Diurnal variation of the severity of the dystonia is suggestive of dopa-responsive
dystonia (DRD). Paroxysmal occurrence of dystonia may suggest a paroxysmal
kinesogenic or nonkinesogenic dystonia (3).

The presence of other neurologic findings also suggests secondary dystonia.
Wilson’s disease is associated with tremor, ataxia, parkinsonian features, psychiatric
disturbances, and specific signs such as the presence of Kayser–Fleisher rings and
signs of hepatic dysfunction. GM1 and GM2 gangliosidoses are associated with cog-
nitive dysfunction and cerebellar signs along with a cherry-red spot on a funduscopic
exam. Table 2 offers clues suggestive of the diagnosis of secondary dystonia and
Table 3 outlines associated signs and symptoms that are helpful in the differential
diagnosis.

LABORATORY INVESTIGATIONS

The laboratory investigation of dystonia should be focused by clinical presentation.
Careful examination collects information concerning distribution of the dystonic
spasms, age of onset, and associated neurologic deficits (4). In most adult-onset focal
and segmental dystonias, as opposed to progressive or generalized dystonia, work-up
is usually not necessary. In general, the extent of imaging, electrophysiological, and

Table 2 Clinical Clues to Diagnosis of Secondary Dystonia

History
History of etiological factors
Head trauma or peripheral trauma
Encephalitis or meningitis
Exposure to drugs or toxins
Perinatal anoxia or kernicterus
Associated signs and symptoms (see Table 3)

Findings suggestive of psychogenic dystonia (see Chapter 18)
Location

Hemidystonia
Reversal of age-related pattern of primary dystonia

Cranial onset in a child
Leg onset in an adult

Temporal profile
Sudden onset and rapid progression
Early speech involvement
Onset at rest rather than action

Abnormal brain imaging
Abnormal laboratory work-up
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Table 3 Associated Signs and Symptoms

Parkinsonism (tremor, rigidity, and bradykinesia)
Parkinson’s disease
Progressive supranuclear palsy
Corticobasal degeneration
Hemiatrophy–hemi-parkinsonism syndrome
Dopa-responsive dystonia
Juvenile parkinsonism
Rapid-onset dystonia–parkinsonism
Wilson’s disease
Huntington’s disease
X-linked parkinsonism–dystonia
Machado–Joseph disease (SCA-3)
Pantothenate kinase-associated neurodegeneration

Ataxia
Spinocerebellar ataxias
Dentatorubropallidoluysian atrophy
Ataxia with vitamin E deficiency
Wilson’s disease
Neuronal ceroid lipofuscinosis
Hartnup disease
Metachromatic leukodystrophy
Gangliosidosis

Myoclonus
Myoclonus–dystonia syndrome
Central pontine myelinolysis
Subacute sclerosing panencephalitis
X-linked dystonia–parkinsonism
Rett syndrome

Chorea
Huntington’s disease
Neuroacanthocytosis

Oculomotor dysfunction
Progressive supranuclear palsy
Corticobasal degeneration
Spinocerebellar ataxias (especially SCA-3)
Niemann–Pick disease
Ataxia–telangiectasia

Optic/retinal dysfunction
Mitochondrial disorders (Leigh’s syndrome)
Pantothenate kinase-associated neurodegeneration
Homocystinuria
GM2 gangliosidosis
Neuronal ceroid lipofuscinosis

Neuropathy
Metachromatic leukodystrophy
Krabbe’s disease
Spinocerebellar ataxias (SCA-1 and SCA-3)
Mitochondrial disorders

Dementia/mental retardation
Huntington’s disease
Dentatorubropallidoluysian atrophy

(Continued)
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laboratory study is inversely correlated with age of onset. Imaging may demonstrate
a structural abnormality in patients presenting with unilateral symptoms, or in adults
with a relatively rapid onset, focal dystonia of a limb, particularly in stances of
additional neurological abnormalities, or lack of the action-associated phase typical
of idiopathic presentations. In rare instances, electroencephalography may be useful
in distinguishing intermittent posturing from focal epilepsy from a paroxysmal dys-
tonia. The development of dystonia, particularly affecting the oromandibular area
(sardonic smile) may suggest Wilson’s disease. Given the availability of specific treat-
ment for Wilson’s disease, young patients should be screened with serum copper,
24-hour urine copper and serum ceruloplasmin testing (5). Confirmatory evidence
includes Kayser–Fleisher rings on slit-lamp exam, imaging studies, and abnormal
liver biochemistry. Tests for other metabolic disorders should be considered in set-
tings of early childhood presentations, and include serum lactate, pyruvate, uric acid,
glutaric acid, methylmalonic acid, and very long chain fatty acids. Tests of urine
amino and organic acids, lysosomal analysis, skin biopsy, and electroretinogram
may also be helpful. A peripheral blood smear should be examined for acanthocytes,
and leukocyte morphology may reveal vacuolation in some storage disorders. A bone
marrow biopsy may show sea-blue histiocytes or other features suggestive of a sto-
rage disorder (6).

NEUROIMAGING

Most patients with dystonia should undergo neuroimaging with Computed Tom-
ography or preferably, Magnetic Resonance Imaging (MRI). Neuroimaging is
necessary to identify focal structural lesions. In addition, specific patterns on MRI
may suggest the etiology of the dystonia. Putamenal and thalamic lesions are associa-
ted with limb dystonia (7). Brainstem lesions may occur in cranial dystonia, including
oromandibular or facial presentations and blepharospasm (8). Caudate atrophy
is associated with Huntington’s disease, neuroacanthocytosis, and some GM1 gan-
gliosidoses (9). Generalized brain atrophy may be seen in a number of symptomatic
dystonias including pantothenate kinase-associated neurodegeneration (PKAN)
(Hallervorden–Spatz disease) in which the ‘‘eye-of-the-tiger’’ sign is characteristic
of the disorder (10). Wilson’s disease is also associated with putamenal lesions (11)
and putamenal and caudate lesions occur in dystonia associated with GM1

Table 3 Associated Signs and Symptoms (Continued )

Parkinsonian disorders
Pantothenate kinase-associated neurodegeneration
Niemann–Pick disease
Homocystinuria
Hartnup disease
Lesch–Nyhan Syndrome
Metachromatic leukodystrophy
Neuronal ceroid lipofuscinosis
Rett syndrome (autism)

Acute encephalopathy
Methylmalonic aciduria
Glutaric aciduria
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gangliosidosis (12). Symmetrical basal ganglia lesions are seen in Leigh’s disease (13)
and severe neuronal loss especially in the putamen has been seen with glutaric
aciduria (14). Basal ganglia calcifications are characteristic of Fahr’s disease (15).
Postitron Emission Tomography is emphasized in research settings, and is discussed
more fully in Chapter 7.

ETIOLOGY OF SECONDARY DYSTONIA

Symptomatic Dystonia

Acquired Dystonia

Structural Lesions. Focal Lesions. Focal lesions affecting the basal ganglia,
especially those disrupting the striatopallidothalamic projections to the cortex and
brainstem can cause secondary dystonia (16). Focal cerebrovascular lesions in adult-
hood can also lead to dystonia (17). Acute secondary cervical and oromandibular
dystonia was identified in 20% of acutely brain-injured patients (18). Cerebral arter-
iovenous malformations are also associated with dystonia, including hemidystonia
and writer’s cramp (19,20) (Fig. 1).

Cerebral Anoxia and Perinatal Insults. Parkinsonism and dystonia may follow
cerebral anoxia. A pyramidal system lacking normal striatal control may be impor-
tant in this setting (21). Delayed-onset dystonia due to perinatal anoxia is also a
consideration in the differential diagnosis of dystonia occurring in childhood (22).
The incidence of dystonia in association with perinatal insults may be due to the sus-
ceptibility of the striatum during development (23). A dystonic form of cerebral
palsy may occur over a backdrop of a static encephalopathy (24).

Bilateral Striatal Necrosis. Dystonia and choreoathetosis are also associated
with bilateral striatal necrosis. This disorder is often familial and may evolve gradu-
ally or in association with a febrile illness (25). Seizures and cognitive impairment
are common and the prognosis is poor (26). Progressive generalized dystonia and

Figure 1 Limb dystonia after putamenal lacunar infarct. This woman had a long history of
hypertensive disease who presented initially to the hospital with weakness of her left side.
Although she had a good recovery, over the course of the next several months, she developed
this abnormal foot posture.
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bilateral striatal necrosis may also occur in association with a mutation (T14487C) in
the mitochondrial ND6 gene. Transmitochondrial cell lines harboring 100% mutant
mitochondrial DNA (mtDNA) showed a marked decrease in the activity of complex
I of the respiratory chain supporting the pathogenic role of T14487C (27).

Peripheral Trauma. Peripheral injury from a number of causes including
trauma, surgery, electrical injury, and entrapment neuropathies has been associated
with secondary dystonia (28,29). Fixed dystonia may occur after a peripheral injury
and may be associated with a complex regional pain syndrome and, frequently,
psychiatric comorbidity (30). Post-traumatic cervical dystonia is recognized as a dis-
tinct clinical entity (31,32). The onset is often within hours or a few days of the
trauma. Atlantoaxial rotatory subluxation has also been associated with cervical
dystonia (33). Cranial dystonia and oromandibular dystonia have been reported
within hours to months following a dental procedure or with poorly fitting dentures
although a definite causal relationship has not been demonstrated (34,35).

Central Pontine Myelinolysis. Extrapontine and central pontine myelinolysis
may occur due to excessively rapid correction of hyponatremia. A variety of move-
ment disorders may occur including tremor and myoclonus, followed by a progressive
painful dystonia of facial musculature and lower limbs. The dystonia may become
generalized and associated with choreoathetosis and parkinsonian features (36).
Signal increase in the central pons, thalamus, and striatum on T2-weighted magnetic
resonance imaging compatible with central pontine and extrapontine myelinolysis are
diagnostic (37).

Infectious Etiologies. Poststreptococcal. A variety of movement disorders
may follow beta-hemolytic streptococcus infection (38), particularly obsessive–
compulsive disorders, tic disorders, dystonia, chorea, and dystonic choreoathetosis
in children (39). Serological evidence of recent beta-hemolytic streptococcal infection
may be found along with the presence of antibasal ganglia antibodies (40). Myco-
plasma pneumoniae-associated isolated acute bilateral thalamic necrosis may also
result in dystonia (41,42).

HIV-AIDS. Movement disorders including dystonia and parkinsonism have
been documented with HIV infection (43). Progressive multifocal leukoencephalopa-
thy, and thalamic toxoplasmosis as well as a tardive dystonia syndrome are possible
underlying mechanisms (44). A drug interaction with ritonavir, indinavir, and risper-
idone may lead to a dystonic syndrome (45). Dystonia in association with bilateral
striatal lucencies is also seen with HIV infection (46).

Tuberculosis. Tubercular meningitis may be associated with tremor, chorea,
myoclonus, and dystonia (47). Tuberculomas resulting in focal lesions may also
cause dystonia (48).

Subacute Sclerosing Panencephalitis. Subacute sclerosing panencephalitis, a
postviral syndrome associated with an altered form of the measles virus, may present
with frequent paroxysmal dystonic posturing (49). It may also be a cause of myoclo-
nus–dystonia (50).

Drugs and Toxins. Chemical Agents. A variety of drugs and toxins are
associated with secondary dystonia. Carbon monoxide poisoning may cause
delayed-onset dystonia and the prognosis in these cases is usually favorable (51).
Lamivudine, a drug used to treat chronic hepatitis B infection, may cause acute
dystonic reactions (52). Parkinsonism, a bucco-linguo-masticatory syndrome, and
dystonia may occur with cinnarizine or flunarizine (53). Cough-suppressant pre-
parations containing dextromethorphan or codeine may cause dystonic reactions
in children (54).

Secondary Dystonia 251



Tardive Dystonia. With the widespread use of psychotropic agents, drug-
induced movement disorders have become increasingly prevalent. Tardive dystonia
is one of the most common etiologies of secondary dystonia. Chapter 17 is devoted
to a discussion of this disorder.

Hereditary Syndromes

Autosomal-Dominant Inheritance. Huntington’s Disease. In adults, Hunting-
ton’s disease presents with chorea, personality change, and dementia. However, in
juvenile Huntington’s disease presentations (Westphal variant) bradykinesia, rigidity,
dystonia, and epileptic seizures may be the presenting features (55,56) (Fig. 2).

Spinocerebellar Ataxias and Dentatorubropallidoluysian Atrophy. Dystonia
may be a feature of dominant hereditary ataxias, especially SCA3/Machado–Joseph
disease and dentatorubropallidoluysian atrophy (57). A dramatic improvement with
levodopa has been seen in some cases (58,59).

Fahr’s Disease. Fahr’s disease or idiopathic basal ganglia calcification is a rare
disorder characterized by progressive dystonia, parkinsonism, ataxia, dysphagia, and
neuropsychiatric disturbances. While intracerebral calcification is a hallmark, there
are no detectable abnormalities of calcium or phosphate metabolism. Imaging reveals
calcification predominantly in the globus pallidus, as well as the putamen, caudate,

Figure 2 Juvenile Huntington’s disease. This young girl exhibits dystonic posture in her
limbs, while walking. She was found to have more than 70 CAG repeats on Huntingon’s disease
gene testing, and also had generalized seizures, quite refractory to antiepileptic drug therapy.
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dentate, thalamus, and cerebral white matter. An autosomal-dominant mode of
inheritance has been reported in a few families (60,61).

Autosomal-Recessive Inheritance. Wilson’s Disease. Wilson’s disease is a
rare autosomal-recessive disease of copper accumulation and copper toxicity, due
to mutations in the ATP7B gene, which leads to a failure of biliary copper excretion
(62). The disease may present with hepatic dysfunction, psychiatric disease, neuro-
logical disease, or a combination of these features. The neurological symptoms
include abnormalities of speech, tremor, incoordination, and dystonia (Fig. 3).
Drooling, risus sardonicus, clumsiness, and cognitive changes may also be seen.
The presence of a low serum ceruloplasmin and a 24-hour urine copper excretion
of over 100 micrograms are characteristic. Slit-lamp examination may show Kay-
ser–Fleischer rings (63) (Fig. 4). T2- and proton-weighted MRI images may show
an increased signal intensity over the thalamus, basal ganglia, and brainstem, especially
the midbrain and pons (11) and serial MRI studies may show a gradual resolution of the
lesions with chelating therapy (64) (Fig. 5a, b).

Juvenile Parkinsonism. The parkin gene (PRKN) is the predominant genetic
cause of juvenile and early-onset parkinsonism in Japan, Europe, and the United
States. In addition to parkinsonian features, the syndrome is characterized by
symmetrical foot dystonia at onset, gait disturbance, diurnal change, and very slow
progression. Patients with PRKN mutations tend to be younger at onset than those
without mutations, and require a relatively lower dose of levodopa (65).

Pantothenate Kinase-Associated Neurodegeneration (Hallervorden–Spatz Dis-
ease). PKAN, formerly Hallervorden–Spatz syndrome, is a rare autosomal-recessive
disorder characterized by extrapyramidal dysfunction presenting with dystonia, rigid-
ity, and choreoathetosis. Iron deposition in conjunction with destruction of the globus
pallidus gives rise to the characteristic ‘‘eye-of-the-tiger’’ sign on MRI although
absence of this finding does not exclude the diagnosis (66). The HARP syndrome, a
variant of Hallervorden–Spatz disease, characterized by hypoprebetalipoproteinemia,
acanthocytosis, retinitis pigmentosa, and pallidal degeneration is also associated with
dystonia (67,68).

Ataxia with Vitamin E Deficiency. Ataxia with vitamin E deficiency (AVED) is
a rare autosomal-recessive neurodegenerative disease that resembles Friedreich’s
ataxia and is caused by mutations in the gene for a-tocopherol transfer protein (69).

Figure 3 Dystonic posturing in Wilson’s disease.
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Dystonia may occur in conjunction with AVED and may not respond to vitamin E
supplementation (70).

Niemann–Pick Disease. Patients with Niemann–Pick disease type C, especially
those who survive into adult life, may develop psychosis or other major psychiatric
problems. Ataxia and vertical gaze palsy are important clinical clues, and organomegaly
is present on the general exam. Increases in plasma chitotriosidase activity helps in the
differential diagnosis. The diagnosis is by filipin staining of cultured fibroblasts, as well
as cholesterol esterification studies and DNA mutation analysis (71,72).

Neuronal Ceroid-Lipofuscinosis. Neuronal ceroid-lipofuscinosis is the most
common class of neurodegenerative disease in children and has various subtypes.
Clinical features include progressive dementia, ataxia, myoclonic seizures, and reti-
nal changes. Dystonia most commonly occurs in juveniles. Cerebral and cerebellar

Figure 4 Kayser-Fleischer ring.

Figure 5 Wilson’s disease. (A) Risus thalamic lesions and (B) Putaminal changes.
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cortical atrophy can be seen on imaging (73). Various tissues including skin, conjunc-
tivae, skeletal muscle, vascular smooth muscle, neurons obtained from rectal biopsy,
or peripheral lymphocytes may show characteristic cytoplasmic inclusions, which are
periodic acid-Schiff stain positive and sudanophilic when viewed by electron
microscopy (74).

Glutaric Aciduria Type I. Glutaric aciduria type I is an autosomal-recessive
disorder of organic acid metabolism due to glutaryl-coenzyme A dehydrogenase
deficiency. Affected infants or children may present with acute dystonia. MRI of
the brain with T2-weighted imaging shows bilateral hyperintensity in the caudate
and putamen with subtle involvement of the medial frontal lobes and diffusion-
weighted images show restricted diffusion bilaterally in the caudate and putamen
that is consistent with acute necrosis. Clinical diagnosis of glutaric aciduria type I
is confirmed by an elevation of 3-hydroxyglutaric and glutaric acids (75).

Methylmalonic Aciduria. Methylmalonic aciduria is a rare inborn error of
branched-chain amino acid metabolism. Neurological symptoms include a dystonic
syndrome caused by progressive destruction of the basal ganglia, similar to those
observed in other organic acid disorders, such as propionic aciduria or glutaric acid-
uria type I (76).

Pyruvate Dehydrogenase Deficiency. Pyruvate dehydrogenase deficiency is a
major cause of primary lactic acidosis and neurological dysfunction in infancy and
early childhood. Episodic dystonia may occur along with the more common findings
of hypotonia and ataxia, and discrete lesions restricted to the globus pallidus, may be
seen on imaging studies (77). Cerebrospinal fluid (CSF) lactate is elevated and some
cases may respond to levodopa (78).

Triosephosphate Isomerase Deficiency. Triosephosphate isomerase deficiency
may also feature dystonic movements, tremor, pyramidal tract signs, and evidence
of spinal motor neuron involvement. Structures in the basal ganglia, brainstem,
and spinal cord seem to be involved in the pathological process, while the cerebral
cortex is spared (79).

GLUT1 Gene Mutation. Glucose transport protein deficiency due to mutation
in GLUT1 may be associated with movement disorders including ataxia, dystonia,
and choreoathetosis, in addition to the characteristic seizure disorder, microcephaly,
global developmental delays, and hypoglycorrhachia. A ketogenic diet is helpful for
symptomatic relief (80).

Metachromatic Leukodystrophy. Metachromatic leukodystrophy may rarely
present with dysarthria and dystonia of the neck, spine, and extremities. Diagnostic
studies include positive sural nerve biopsies, prolonged nerve conduction times, and
a marked deficiency of arylsulfatase A in the urine, leukocytes, and fibroblasts (81,82).

Krabbe’s Disease. Late-onset globoid cell leukodystrophy (Krabbe’s disease)
presents with visual failure and severe central pyramidal and extrapyramidal motor
disability with spasticity, dystonia, ataxia, and peripheral neuropathy. Neuroima-
ging is significant for white matter lesions. Nerve conduction velocities are low,
and a slowly developing polyneuropathy may be seen. Reduced leukocyte galactosyl-
ceramidase activity is diagnostic (83).

GM1 and GM2 Gangliosidosis. Deficiency of enzyme acid beta-galactosidase
causes GM1 gangliosidosis. Patients with type 3 disease survive into adulthood
and develop movement disorders. In these patients, generalized dystonia is a
prominent feature and is often associated with akinetic-rigid parkinsonism. Facial
dystonia and severe dysarthria are frequent, and eye movements are normal. Bone
marrow examination may show Gaucher-like foam cells (12). MRI frequently shows
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bilateral symmetrical putamenal hyperintensities on T2-weighted and proton density
images (84). Diagnosis is confirmed by demonstrating deficiency of beta-galacto-
sidase. GM1 gangliosidosis should be considered in the differential diagnosis of
early-onset generalized dystonia, particularly in patients with short stature and skel-
etal dysplasia (85). A form of juvenile progressive dystonia can also represent a
phenotype of GM2 gangliosidosis (86). Dementia, amyotrophy, choreoathetosis,
and ataxia may be additional signs (87). Beta-hexosaminidase activity in plasma, leu-
kocytes, and fibroblasts is significantly reduced (88).

Homocystinuria. Homocystinuria occurs due to cystathionine beta-synthase.
Progressive generalized dystonia can occur secondary to neurochemical changes in
the basal ganglia caused by an inherited defect in sulfur amino acid metabolism (89,90).

Hartnup Disease. The presentation of Hartnup disease in children includes
intermittent dystonic posturing of the lower extremities and eczematous dermatitis
without ataxia. Qualitative and quantitative urine amino acid testing help confirm
the diagnosis. Spinal fluid hydroxy-indoleacetic acid concentration is low and
increases with oral tryptophan loading. Unlike the skin rash, the dystonia may
not respond to tryptophan administered alone or with nicotinic acid (91).

Ataxia–Telangiectasia. Ataxia–telangiectasia is a rare recessive multisystem
disorder characterized by telangiectasia and cerebellar ataxia. Telangiectasias are
tiny, red ‘‘spider’’ veins, which appear in the corners of the eyes or on the ears
and cheeks. Dystonia and myoclonus may also occur. MRI may show cerebellar
atrophy with putamenal lesions (92,93).

X-Linked Inheritance. X-Linked Dystonia–Parkinsonism (Lubag). X-linked
dystonia–Parkinsonism or ‘‘Lubag’’ is an X-linked–recessive disorder that afflicts
Filipino men, and in rare cases, women. The clinical features include parkinsonism,
dystonia, myoclonus, tremor, and chorea. The dystonia, if present, is usually mild
and usually nonprogressive (94).

Lesch–Nyhan Syndrome. Lesch–Nyhan syndrome is a rare X-linked–recessive
disorder characterized by a near complete deficiency of the purine salvage enzyme
hypoxanthine-guanine phosphoribosyltransferase (95). Neurological manifestations
include hyperuricemia, mental retardation, spastic cerebral palsy, dystonia, and
self-mutilation. The self-mutilatory behavior can be very disabling and botulinum
toxin (96) and pallidal deep brain stimulation (97) have been used to control this
symptom.

Mohr–Tranebjaerg Syndrome. Mohr–Tranebjaerg syndrome is a rare form of
deafness associated with dystonia. This recessive neurodegenerative syndrome
presents with postlingual progressive sensorineural deafness in early childhood, fol-
lowed by progressive dystonia, spasticity, dysphagia, mental deterioration, paranoia,
and cortical blindness. Mutations in the X-linked deafness-dystonia peptide 1 gene
are the underlying cause (98,99).

Other X-linked Syndromes. A DRD may occur in Turner’s syndrome with
bilateral globus pallidus hypointensities on brain MRI (100). X-linked mental retar-
dation in association with dystonia may be caused by a 24 base-pair duplication in
ARX. The symptomatology includes mental retardation, infantile spasms (West syn-
drome), and other less severe forms of seizures along with focal dystonia (101).
Extrapyramidal dysfunction in Rett syndrome includes stereotyped movements
and bruxism, air–saliva expulsion, self-mutilation, parkinsonian findings, athetosis,
myoclonus, and dystonia (Fig. 6). The syndrome is caused by mutations in the
MECP2 gene, which is localized on the X chromosome (102). Pelizaeus–Merzbacher
disease is a rare X-linked leukodystrophy caused by a mutation in the gene that
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controls the production of a myelin protein called proteolipid protein. Other clinical
findings include progressive psychomotor developmental delay, nystagmus, spastic
quadriplegia, dystonia, and cerebellar ataxia (103,104).

Mitochondrial Inheritance. Leber’s Hereditary Optic Neuropathy and Other
Mitochondrial Disorders. Leber’s hereditary optic neuropathy (LHON) may present
with dystonia and a high T2 signal in the putamen bilaterally (105). LHON is associa-
ted with a G to A transition at nucleotide position 14459, within the mtDNA-encoded
ND6 gene (106,107).

Multiple Forms of Inheritance. Leigh’s Syndrome. Leigh’s syndrome is a
form of mitochondrial encephalopathy with mitochondrial or recessive inheritance
that presents with impaired mental and/or motor development, and childhood-
onset dystonia (108). Optic atrophy, hypotonia, dysphagia, and dysarthria are also

Figure 6 Rett syndrome. This child exhibits an intermittent dystonic facial expression,
quite typical of this disorder. In addition, she has been fitted with a protective wrist band
to prevent biting of her right arm. This still photo also demonstrates typical hand-wringing
stereotypies.
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common. Imaging studies may show symmetrical bilateral lucencies or calcification
in the basal ganglia and blood lactate levels are usually elevated (109).

Neuronal Intranuclear Inclusion Disease. Neuronal intranuclear inclusion dis-
ease is a rare neurodegenerative disorder with a heterogeneous clinical picture
characterized pathologically by eosinophilic intranuclear inclusions in neurons of
the peripheral, central, and autonomic nervous systems associated with varying
degrees of neuronal loss. Clinical phenomenology may include juvenile parkinsonism
or dystonia. A full thickness rectal biopsy is helpful in the diagnosis (110).

Hereditary Hemochromatosis. Hereditary hemochromatosis (HH) may be
associated with tremor, myoclonus, parkinsonism, and dystonia. The diagnosis of
HH is established by iron tests, evidence of a C282Y mutation, and liver biopsy.
T2-weighted MRI may reveal hyperintensities in hemispheric white matter, and
cerebral and cerebellar atrophy (111).

Neuroacanthocytosis. Neuroacanthocytosis is a progressive disease character-
ized by movement disorders, personality changes, cognitive deterioration, axonal
neuropathy, and seizures. The neurological abnormalities are associated with specu-
lated, ‘‘acanthocytic’’ red cells in blood thus leading to the term neuroacanthocytosis
(112). This heterogeneous group of disorders is being redefined due to genetic
discoveries. The core neuroacanthocytosis syndromes are autosomal-recessive
chorea-acanthocytosis and the X-linked McLeod syndrome. Huntington’s disease-
like 2 and PKAN are now included in this group of disorders (113). Serum vitamin E
and lipoprotein levels are usually normal (although one case of aprebetalipoproteinemia
has been reported). Caudate atrophy and increased signal in caudate and lentiform
nuclei may be seen on MRI (9).

Neurodegenerative Disorders

Parkinson’s Disease. One of the most common etiologies for secondary dys-
tonia is Parkinson’s disease (PD). Dystonia, particularly when it involves the foot,
may be the presenting sign of PD or a parkinsonian syndrome and these disorders
should be suspected when adults present with isolated foot dystonia (114). Dystonia
is usually an ‘‘off-state’’ symptom although ‘‘on-state’’ dystonia may also occur. In
patients with significant motor fluctuations the ‘‘dystonia-improvement-dystonia’’
phenomenon may be observed (115).

Multiple System Atrophy. Although a mild stooped posture is common in PD,
extreme forward flexion of the trunk is unusual. This phenomenon called camptocormia
or the Pisa syndrome may be seen in multiple system atrophy (116). Primary dystonia
and Tourette syndrome are also associated with such posturing (117).

Progressive Supranuclear Palsy and Corticobasal Degeneration. Dystonia is a
common feature of progressive supranuclear palsy and corticobasal degeneration.
Cervical dystonia and blepharospasm with eyelid apraxia associated with these con-
ditions may respond to botulinum toxin treatment (118) (Fig. 7).

Multiple Sclerosis and Autoimmune Disorders. While tremor is a common
presentation of multiple sclerosis (MS), dystonia or chorea may also occur during clini-
cal exacerbation of MS and may respond to steroid therapy (119). Paroxysmal dystonia
in MS may be associated with a demyelinating lesion of the thalamus (120). Rasmus-
sen’s encephalitis, a rare autoimmune disorder characterized by intractable epilepsy
and progressive hemispheric dysfunction can present with foot dystonia, arm athetosis,
and epilepsia partialis continua. There may be a transient response to intravenous
immunoglobulin (121). A complex regional pain syndrome with progression toward
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a multifocal or generalized tonic dystonia has been described in association with signifi-
cant elevation of HLA-DR13. The dystonia began distally, involved mainly flexor
muscles, and was associated with sensory and autonomic symptoms (122). Meige syn-
drome may occur in the setting of thyroid autoimmune disease (123).

Dystonia-Plus Syndromes. Dopa-Responsive Dystonia. Autosomal-dominant
guanosine triphosphate cyclohydrolase I (GCH-I) deficiency (Segawa disease) is
a DRD caused by mutation of the GCH-I gene located on 14q22.1-q22.2. DRD
has an excellent response to levodopa (124,125). DRD is discussed in detail in
chapter 15.

Other Biopterin Deficiencies. Another form of DRD may be seen in patients
with 6-pyruvoyl-tetrahydropterin synthase (PTPS) deficiency (126). Symptoms
include hypotonia, dystonia, choreoathetosis, mental retardation, behavioral distur-
bances, and incomplete puberty due to PTPS deficiency. Progressive hypotonia and
choreoathetoid movements may occur despite good control of hyperphenylalanine-
mia. There is an excellent long-term response to levodopa.

Sepiapterin reductase deficiency may also result in a dystonia that responds to levo-
dopa. The patients show a novel mutation in the tetrahydrobiopterin pathway involving
sepiapterin reductase, and no abnormality in the gene encoding GCH-I. The disorder is
autosomal recessive and oculogyric crises and parkinsonism are also seen (127).

Myoclonus–Dystonia Syndrome. Myoclonus–Dystonia Syndrome (MDS) is
an autosomal-dominant disorder characterized by bilateral myoclonic jerks in asso-
ciation with dystonic posturing. Electromyogram (EMG) studies of the ‘‘myoclonic’’
movements reveal prolonged EMG bursts typical of dystonia rather than the short-
duration EMG bursts more typical of myoclonus (128). The epsilon-sarcoglycan
gene (SGCE) on chromosome 7q21 has been reported to be a major locus for
inherited myoclonus–dystonia (129,130). However, autosomal-dominant MDS

Figure 7 Progressive supranuclear palsy (PSP). This subject exhibits typical astonished facial
expression associated with PSP.
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may also occur without an SGCE mutation suggesting genetic heterogeneity (131).
MDS has also been reported in association with vitamin E deficiency with mutation
in the tocopherol transfer protein alleles (132). Patients may show a significant
improvement with alcohol and sodium oxybate (133,134).

Rapid-Onset Dystonia–Parkinsonism. Rapid-onset dystonia–parkinsonism
(135) may also occur with a missense mutation in the Na/K-ATPase alpha3 subunit
(ATP1A3). Asymmetrical parkinsonian symptoms may be seen at onset followed by a
sudden-onset oromandibular dystonia and worsening parkinsonian symptoms (136).

TREATMENT

Treatment of secondary dystonia is guided by the underlying etiology and the topo-
graphical presentation of the dystonia. Focal lesions such as tumors, arteriovenous
malformations, subdural hematomas, and abscesses may be amenable to surgical
resection. However, dystonia may occasionally arise as a complication of such resec-
tions. Infectious etiologies such as tuberculosis, syphilis, viral encephalitis, AIDS,
and toxoplasmosis are treated by therapy targeting the specific organism. Control
of the underlying infectious cause may result in improvement in the dystonic postur-
ing. Treatment in Wilson’s disease is aimed at eliminating copper using chelating
agents such as D-penicillamine and triethylamine or reducing copper absorption
with zinc gluconate. Chelating therapy may result in initial worsening of neurologi-
cal deficits, while sodium thiomolybdate is an experimental therapy less associated
with this risk (63,64). The ‘‘off state’’ dystonia in PD may respond to optimizing
dopaminergic therapy. Pallidotomy or deep brain stimulation of the globus pallidus
or subthalamic nucleus may be indicated in more advanced cases (137,138). Surgical
treatment is also a consideration in secondary dystonia with deep brain stimulation
being preferred to lesioning techniques. However, secondary dystonia tends to be less
responsive than primary dystonia (139). Symptomatic treatment of dystonia is dis-
cussed in Chapters 20–26.
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INTRODUCTION

The aim of this chapter is to provide a review of the dystonias related to drugs with
emphasis on phenomenology and management. Although epidemiology data are
lacking, it is probable that levodopa-induced dystonia in patients with Parkinson’s
disease is the most common form of drug-induced dystonia seen by movement
disorders specialists. However, it is not within the scope of this chapter to discuss
levodopa-induced dyskinesias. The discussion will be focused on acute dystonic reac-
tion and tardive dystonia. It also includes descriptions of dystonia occurring in
association with recreational use of illicit drugs (1,2). In virtually all instances, these
patients have a pre-existent movement disorder that is exacerbated by use of the
drug. As discussed later in this chapter, previous use of cocaine has also been
described as a risk factor for development of acute dystonic reaction after exposure
to neuroleptic drugs.

ACUTE DYSTONIC REACTION

This term describes dystonia following acute exposure to dopamine receptor block-
ing agents (DRBA), a phenomenon observed since the introduction of neuroleptic
agents or DRBA in clinical practice in the 1950s. Typically, the patients present with
a painful cranial–cervical dystonia with oculogyric crisis (tonic conjugate, often
upward, eye deviation) and prominent trismus. If the patient remains exposed to
the offending agent, the severity of the dystonia increases, becoming more wide-
spread. Conversely, discontinuation of the drug leads to spontaneous remission of
the dystonia. Most subjects with acute dystonic reaction become quite anxious. In
90% of the instances, the onset of the movement disorder is in the first three days
of introduction of the drug or after the increase of its dosage (3). There is a direct
relationship between the affinity for D2 dopamine receptor and the likelihood of a
given drug to induce this type of dystonia (4). It is not surprising that typical neuro-
leptic drugs, such as traditional antipsychotic medications or antiemetic medications
(prochlorperazine), are the most common drugs related to acute dystonic reaction.
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In fact, in the preatypical neuroleptic era, at least 5% of the patients treated with
dopamine receptor blocking drugs developed this side effect (5). A more recent study
describes the occurrence of acute dystonic reaction in 2.1% of 1559 patients treated
with neuroleptic medications (6). There are, however, reports of this movement dis-
order induced by use of risperidone, olanzapine, quetiapine, and clozapine (7–9).
Tetrabenazine, a presynaptic monoamine-depleting agent with a weak dopamine
receptor blocking action (10), has also been described as inducing acute dystonic
reaction (11). Even nonneuroleptic agents (e.g., modified benzamides such as meto-
clopramide) also have the potential to cause acute dystonic reaction (12). Other risk
factors for acute dystonic reaction include dosage of the neuroleptic, male gender,
lower age, and previous use of cocaine (4). The pathogenesis of acute dystonic reac-
tion remains largely unknown. Because of the relationship with anti-D2 potency, it
has been proposed that this form of dystonia is caused by abrupt decrease of dopa-
mine levels in the basal ganglia. It has also been speculated that it represents an acute
imbalance between dopamine and acetylcholine in the brain. This theory is derived
from the clinical observation that anticholinergic agents are highly effective to treat
acute dystonic reaction (5). Management of this form of dystonia involves
immediate discontinuation of the offending agent and use of medications to alleviate
the movement disorder. Parenteral anticholinergic drugs (e.g., biperiden 5 mg
intramuscularly or diphenhydramine 25–50 mg intravenously), benzodiazepines or
antihistamines, usually provide rapid relief of the acute dystonic symptoms. A final
observation of practical importance: Once one patient has developed acute dystonic
reaction with a given agent, this side effect will be observed whenever the drug is used
at the same dosage. There is also a high probability that this reaction will occur with
another drug of similar or higher anti-D2 effect. The physician should attempt, thus,
to prescribe an agent of smaller dopamine receptor blocking potency.

TARDIVE DYSTONIA

The first reports of occurrence of dystonia in patients under chronic treatment with
neuroleptic medications emerged in the early 1980s (13,14). In the original descrip-
tion of a cohort of patients with tardive dystonia, Burke et al. drew attention to
two core features of this condition: onset usually after long-term exposure to DRBA
and tendency for persistence even after discontinuation of the offending agent (14).
These findings distinguished the then newly described phenomenon from acute
dystonic reactions and justified its nosological classification under the umbrella of
tardive syndromes. After the original description, there was a steady increase
of the number of reports on tardive dystonia. More recently, coinciding with the
increasing use of atypical antipsychotic drugs, there has been a decline in number
of publications dealing with this form of dystonia. Nevertheless, because of its fre-
quency, chronic nature, and difficulties in management, tardive dystonia remains
an important clinical problem to physicians who prescribe DRBA and those inter-
ested in movement disorders. The aim of this section is to provide an overview of
epidemiology, causative agents, pathogenesis, clinical findings, principles of manage-
ment, and natural history of tardive dystonia.

Epidemiology

There are few epidemiological studies of tardive dystonia, and the findings from
these reports vary widely. The discrepancies most likely reflect differences in the
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methodology and characteristics of the studied population. Studies of chronic
hospitalized patients, cohort of subjects treated with typical neuroleptic drugs, inves-
tigations performed by movement disorders specialists, and use of standardized
rating scales for movement disorders are associated with higher prevalence figures.
In a study of 351 inpatients, Yassa et al. (15) found a prevalence of 2% of tardive
dystonia. Another investigation of chronic hospitalized psychiatric patients, this time
conducted by neurologists, reported a similar figure, 1.5% (16). In contrast, another
group, describing a cohort of 125 chronic psychiatric inpatients, reported a frequen-
cy of 21.6%. This high figure likely reflects the use of a detailed and systematic
examination, and increased clinician sensitivity in detecting mild forms of tardive
dystonia (17). A similar approach examining all psychiatric inpatients (194) in the
Netherland Antiles with rating scales specific for movement disorders also found a
high prevalence of tardive dystonia at 13.4% (18). Epidemiological studies have also
identified presence of risk factors for development of this complication: younger age,
male gender, African-American ethnicity, history of previous acute dystonic reac-
tion, mental retardation, and prior electroconvulsive therapy (16,19–23). These
findings must be interpreted with caution because most conclusions are based on
noncontrolled, retrospective studies. In particular, the association with ethnicity is
controversial. It is well known that the nature of the care provided to patients
may vary according to the ethnic background of the patient (24). Based on this prem-
ise, one may reason that a particular ethnic group may be exposed to agents more
likely implicated in the development of tardive dystonia.

Causative Agents

Traditional antipsychotic agents are the drugs classically associated with the devel-
opment of tardive dystonia. There are, however, reports of the association of this
side effect with exposure to atypical agents such as sulpiride, risperidone, and olan-
zapine (25–27). Modified benzamides (particularly metoclopramide), drugs often
used as antinausea therapy and to treat other gastrointestinal problems, are also
unequivocally implicated in the development of tardive dystonia (12,28). Cinnarizine
and flunarizine, calcium-channel blockers widely used in many areas of the world for
treatment of vertigo and prophylaxis of migraine, have been associated with the
development of tardive dystonia and other forms of tardive dyskinesia (29,30). There
are reports, mostly noncontrolled studies or single-case reports, describing the devel-
opment of tardive dystonia in association with drugs such as lithium, buspirone,
fluoxetine, and others (31–35). These findings must be viewed with caution due to
the methodological limitations of some of the studies.

Pathogenesis

The mechanism underlying the development of tardive dystonia and other forms of
tardive dyskinesia remains to be determined. An obvious candidate to account for
the relationship with the exposure to neuroleptic agents is the theory that chronic
blockade of the D2 dopamine receptor leads to denervation hypersensitivity with
upregulation of these receptors (36). However, there are little or no experimental
data to support this hypothesis (37,38). Other theory, also involving the dopaminer-
gic system of the basal ganglia, proposes that there is an imbalance between D1 and
D2 families of receptors in the basal ganglia (39). More recently, investigators have
suggested that stimulation of D3 receptors is related to development of tardive
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dystonia (40). Others have submitted that long-term use of DRBA leads to hyperac-
tivity of the indirect pathway connecting the striatum with the medial portion of the
globus pallidum and pars reticulata of the substantia nigra. Ultimately, this abnor-
mality results in disinhibition of the ventrolateral thalamus with hyperexcitability of
motor areas of the cerebral cortex (41). Changes in GABAergic systems in the brain
have also been implicated as playing a role in the pathogenesis of tardive dyskinesia
(42). There is no explanation for the relatively low frequency of subjects exposed
to DRBA who develop tardive dystonia. Attempts to identify genetic markers to
account for the vulnerability of some patients have failed. Loci and polymorphisms
eliminated as risk factors for tardive dystonia include DYT1 (43) and polymorphisms
of cytochrome P4502D6, dopamine D2 and D3 receptors (44,45).

Clinical Findings

The onset of the dystonia usually coincides with use of the offending drug but may also
develop after discontinuation of the medication (withdrawal dyskinesia) (13). In most
series, tardive dystonia appears after long-term treatment with DRBA. In one British
series of 107 patients, for instance, the median time of exposure to the offending drugs
was five years. However, in some patients development of dystonia was associated with
use of medication for as little time as four days (22). Another study of a series of 67
patients with tardive dystonia confirms that there is no safe period of use of drugs with
the potential to induce this complication; 21% of these patients developed the tardive
syndrome within one year of exposure to these agents (46). In most series of patients
reported in literature, tardive dystonia occurs more often in younger males (16,20–23)
but there are exceptions. Tan and Jankovic (47), for instance, reported that tardive oro-
mandibular dystonia is more common among women.

Tardive dystonia can fully mimic the clinical picture of any form of idiopathic
dystonia, rendering impossible a distinction from idiopathic forms exclusively based
on phenomenology (22). However, very often there are findings suggesting the role
of DRBA in the development of the movement disorder. Many patients present
with prominent axial involvement and opisthotonic posturing, often associated with
repetitive arm extension and pronation (Fig. 1) (37). In a careful clinical evaluation
of 100 patients with different forms of tardive dyskinesia, Stacy et al. (28) found that
in the vast majority of subjects, dystonia coexisted with other phenomena, particu-
larly stereotypies. Tan and Jankovic, comparing 24 patients with tardive and 92
subjects with idiopathic oromandibular dystonia, confirmed the findings of Stacy
et al. (28). In this study, orofacial–lingual stereotypies, stereotypic movements in
the limbs, akathisia, and respiratory dyskinesias were significantly more frequent
in the tardive than the idiopathic group. On the other hand, patients with idiopathic
OMD, there is often coexistent cervical dystonia. Molho et al. (48) compared the
clinical features of 102 patients with idiopathic and 20 patients with tardive cervical
dystonia. The presence of extracervical involvement, retrocollis, and spasmodic head
movements were individually found to be predictive of tardive cervical dystonia.
Conversely, head tremor (42.2%) and family history of dystonia (9.8%) were present
only in the idiopathic group, whereas torticollis, laterocollis, and presence of sensory
tricks were predictive of idiopathic cervical dystonia. Less usual and more infrequent
features have been reported in association with tardive dystonia. In some patients,
the dystonic movements can be so severe that they cause rib and even spine fractures
(49,50). In others, the dystonia can be task specific, as in one patient with oroman-
dibular dystonia exclusively triggered by eating (51). Nonmotor features often
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coexist with dystonia in these patients. Stacy et al. (28) reported on the frequent associ-
ation between tardive dystonia and akathisia. Green et al. (52) described the presence of
oral and/or genital severe pain in a series of 11 patients with tardive dyskinesia.

Management

In the absence of treatment data collected from well-designed trials, therapeutic recom-
mendations are at best based on extensive anecdotal, but open-label experience. First, as
soon as the dystonia is detected, the clinician must attempt to discontinue the offending
agent. Second, in the case where there is need of use of DRBA for symptoms of
psychosis, seemingly safe drugs include quetiapine and clozapine. In addition, there
are no reports on the existence of tardive dystonia in association with sertindole, aripi-
prazole, ziprasidone, and other new agents. Nevertheless, caution should be employed
when prescribing these drugs because of the limited clinical exposure.

The symptomatic management of tardive dystonia is often challenging, with
many patients being left with significant disability despite the use of different medica-
tions and interventions (22). Anticholinergic agents can alleviate the severity of
dystonia (37,46). There are several studies suggesting the efficacy of tetrabenazine
to treat tardive dystonia (10,46,53). However, all of these reports are based on
open-label, noncontrolled trials. Additionally, tetrabenazine is not devoid of side

Figure 1 This man exhibits the typical opisthotonic posture associated with dopamine recep-
tor blocking agents exposure. In addition, he also exhibits dystonic features involving the face
and neck.
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effects, such as parkinsonism and depression, and its availability is limited in the
United States. Clinical experience indicates that this drug is more effective for stereo-
typies, and patients with tardive dystonia tend to be less responsive. There are
reports indicating the usefulness of risperidone and olanzapine to treat dystonia in
the context of tardive dyskinesia (54,55). These studies should be viewed with great
caution in the light of articles demonstrating that these agents can induce tardive
dystonia (26,27). It is possible that the ameliorating effect described in the reports
reflect masking of the tardive dystonia by the anti-D2 property of these agents.
The situation is different with quetiapine and clozapine (56–59). Although there is
a need of placebo-controlled trials, it is more likely that these two atypical antipsy-
chotic agents have a beneficial effect on tardive dystonia. What remains to be
determined is whether quetiapine and, particularly, clozapine do not worsen the
movement disorder or accelerate the rate of remission of tardive dystonia. A report
of improvement of nontardive dystonia with clozapine (60) suggests that the latter
possibility may be true. Because patients with tardive dystonia have a low response
rate to treatment with oral agents, alternative therapeutic agents have been tried. The
scarce data available in the literature suggest that botulinum toxin type A or B are
effective in improving focal problems (oromandibular, cervical, and axial dystonia)
in patients with tardive dystonia (47,48,61–63). Dressler et al. (64) reported positive
benefit with use of intrathecal baclofen in one patient with severe axial tardive
dystonia refractory to other treatments. There is more interest in the role of use
of surgical treatment of tardive dystonia with deep brain stimulation of the
medial globus pallidum. Although this surgical technique appears to be more
effective for idiopathic dystonias (65), many reports suggest that patients with
otherwise intractable tardive dystonias may benefit from it. Another study indica-
tes that pallidal stimulation may improve patients with this condition (66). Indeed,
a recent open-label study of five patients with tardive dystonia refractory to medi-
cal treatment showed that this surgical treatment resulted in 87% improvement
of the scores of the motor section of the Burke–Fahn–Marsden section (67)
[Chapter 24].

Natural History

In the original description of tardive dystonia, Burke et al. (13,14) had already
recognized the tendency of this condition not to undergo remission with or with-
out treatment. Later studies confirmed this characteristic of tardive dystonia.
The Columbia group reported that withdrawal of the neuroleptic increased the
chance of remission (46). Still the results were quite modest because not more than
five of the 42 patients, where withdrawal of offending agents was possible, under-
went remission of the tardive dystonia. This concept of poor prognosis of tardive
dystonia was confirmed in the British series of 104 patients, where Kiriakakis
et al. (22) found that only 14% of our patients had a remission over a mean fol-
low-up period of 8.5 years. In those patients where DRBA could be discontinued,
remission occurred 5.2 years after withdrawal of the medications. Confirming the
importance of early recognition of the casual relationship between dystonia and
neuroleptic therapy, discontinuation of these drugs increased the chances of
remission fourfold. Moreover, patients with 10 years or less on antipsychotic drugs
had a five times greater chance of remission than those with more than 10 years
of treatment.
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INTRODUCTION

Dystonia due to a psychogenic cause represents a relatively small proportion of cases
seen in movement disorder clinics. However, this can be an extremely difficult diag-
nosis to make and one that is probably still often over- as well as underdiagnosed.

Historically, idiopathic torsion dystonia was often thought to be a consequence
of a psychological problem (1) although, even in some of the early descriptions (2,3),
it was considered to be due to an organic cause. Particularly between the 1940s
and 1970s, the psychiatric interpretation of idiopathic torsion dystonia prevailed and
resulted in unnecessary and unhelpful treatments and considerable psychological con-
sequences for many patients and their families. It then became once again recognized
as a neurological disorder particularly through the work of Marsden (4) and Fahn (5),
and in the last decades a plethora of studies on its phenomenology, genetics, patho-
physiology, and treatment have been published. An understandable reluctance by
modern neurologists and psychiatrists alike to make a diagnosis of psychogenic
dystonia may have pushed the pendulum too far to the other extreme and has prob-
ably led to an underdiagnosis of psychogenic dystonia, although neurologically
determined dystonia is still occasionally misdiagnosed as a psychogenic disorder.
A misdiagnosis either way may subject a patient to potentially harmful diagnostic
procedures and treatments or deny the patient potentially effective treatments. In
addition, possible association with work-related injuries may result in major legal
issues. At the same time, biological markers for the diagnosis of neurologically
determined dystonia are still lacking, and the diagnosis remains largely clinical.

For the purpose of this chapter, we will refer to the perhaps overly simplified
classification into ‘‘psychogenic’’ contrasting with ‘‘organic’’ dystonia, which has
been used in the literature to distinguish such patients from those with neurological
disorders. However, we recognize that this is somewhat controversial, implying a
psychological causation that cannot always be demonstrated.
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EPIDEMIOLOGY

Overall, psychogenic dystonia is a rare cause of dystonia and represents only approxi-
mately 1% to 5% of patients with dystonia (6,7), but among psychogenic movement
disorders dystonia accounts for approximately 20% to 50% of cases (8–11).

DIAGNOSIS

The definition of dystonia is descriptive (12) and clearly encompasses psychogenic
dystonia as the cause for abnormal muscle contraction. Within the classification
system of dystonia by Fahn and others (12), psychogenic dystonia is classified as a
secondary dystonia due to a symptomatic cause. The diagnosis relies almost entirely
on clinical history, examination, and clinical judgment. There is no biological marker
or pathognomonic sign that in isolation allows an unequivocal diagnosis of psycho-
genic dystonia, and, conversely, with the exception of a few available genetic tests for
some types of dystonia, there is no biological marker for primary dystonia. Even
for secondary dystonia a cause cannot always be found, and in at least two-thirds
of patients with organic dystonia investigations are normal. Without doubt, an
organic condition causing secondary dystonia must always be excluded by appropri-
ate investigations, but the diagnosis of dystonia in the majority of cases remains
clinical. As organic and psychogenic dystonia both have a wide and overlapping
spectrum of presentations, which often includes bizarre and unusual presentations
that may appear inconsistent and be unique to individual patients, it is important that
the diagnosis of psychogenic dystonia is only made by a clinician with extensive
experience with the wide spectrum of presentations of dystonia. Organic and psycho-
genic dystonia can also occur together, and a psychogenic dystonia may have
developed superimposed on an organic condition. Although this co-occurrence is
probably not as frequent as the co-occurrence of epileptic and nonepileptic attacks
[which is estimated to be up to 25% (13)], functional overlay in an underlying organic
condition should be considered.

Despite these caveats, a diagnosis of psychogenic dystonia is possible and can
be made when (i) appropriate investigations have been negative, (ii) positive findings
allow a diagnosis based on standardized diagnostic criteria (see below).

Characteristics of Dystonia

The often bizarre or apparently inconsistent nature of dystonia has often contributed
to the confusion between organic and psychogenic dystonia. However, the character-
istic patterns of primary dystonia, which is the main area of diagnostic difficulty,
help in the differentiation of primary from psychogenic dystonia: action-specific dys-
tonia will occur reliably during the specific action, be consistent over time with little
change in its distribution and phenotype (although it may progress and spread), and
follow characteristic patterns in distribution and progression, e.g., lower-limb onset
of dystonia in childhood with slow spread, absence of pain (with the exception of
cervical dystonia), and mobility of dystonia until very late stages of advanced dis-
ease. Only with rare exceptions are these criteria not met, e.g., in secondary dystonia
or the autosomal dominant disorder of rapid-onset dystonia–parkinsonism (14).
However, history, examination, and investigations will identify these exceptions.
The most helpful features in making a diagnosis of psychogenic dystonia are those
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that do not fit with these recognized patterns of primary dystonia, and that are there-
fore incongruent with primary dystonia. In particular, in psychogenic dystonia,
attempted voluntary movement to command in the opposite direction of the dys-
tonic posturing may activate antagonists with little apparent action in agonist
muscles, startle may elicit marked response, and dystonic posturing may be suggest-
ible or distractible. Paroxysmal primary nonkinesigenic dystonia does occur, but
psychogenic dystonia is a more common cause of this presentation (15). A list of
features suggestive of psychogenic dystonia is listed in Table 1. However, none of the
signs are specific for psychogenic dystonia, particularly as many can occur in other
secondary dystonias, which must be excluded before a diagnosis of psychogenic
dystonia is made.

Medical History

The past medical history may also be revealing, e.g., for episodes of a different move-
ment disorder in the same or another limb (with complete or partial remissions) or
for nonepileptic seizures or other somatizations, putting the current presentation in
the context of a wider somatoform illness. Previous somatizations may include other
‘‘functional’’ syndromes, such as fibromyalgia, atypical chest pain, or irritable bowel
syndrome (16), or other medically unexplained symptoms, which may have resulted
in a number of investigations and treatments, including operations (17) with no clear
final diagnosis. While patients with somatoform illness often report a number of
previous diagnoses or complaints, their somatoform nature often only becomes ap-
parent when specifically sought in questions about the outcome of investigations to
the patients or their general practitioner (18).

The history may also be informative in other respects, e.g., revealing abnormal
illness behavior such as noncompliance with treatment, ‘‘splitting’’ behavior among
the health professionals involved in their care, or ‘‘doctor shopping.’’ Litigation or a
compensation claim may represent a maintaining factor or there may be obvious sec-
ondary gain. There may also have been an obvious psychological stressor before the
onset of the psychogenic dystonia, suggesting a diagnosis of conversion disorder or
psychological trauma in the past history. However, an obvious trigger may be miss-
ing and, on the other hand, its presence may be misleading, as psychological conflicts
are common in the population, and the coincidence between past psychological
trauma and the presentation may be spurious.

Examination

Four aspects of the physical examination are important in the diagnosis of psycho-
genic dystonia:

1. Absence of ‘hard’ neurological signs (such as an extensor plantar
response): However, as mentioned above, psychogenic overlay may exist
comorbidly with an underlying organic illness. This may have a variety
of reasons, including the patients’ wish to demonstrate the extent of their
problem, e.g., in patients referred for stereotactic surgery for undoubted
Parkinson’s disease, or when patients have had previous experience with
doctors who were unconvinced of the seriousness of their problem. In
addition, secondary physical changes may have occurred following a
long-standing psychogenic dystonia with prolonged immobilization,

(Text continues p. 281)
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Table 1 Differences Between Primary Dystonia and Psychogenic Dystonia

Features typical of
primary dystonia

Features that may be seen in
psychogenic dystonia

Past medical
history

Unremarkable for age Previous somatizations

History of
dystonia

Onset after injury rare Onset after minor injury/operation
common

Often positive family history No family history
No clear association with

psychological stressors
Psychological stressor before onset

Onset in childhood (generalized
dystonia)

Onset in adolescence or adulthood

Gradual onset Abrupt onset
Spread slow Rapid progression
Leg onset only in childhood Onset in legs common
No or little fluctuation over time Marked fluctuations in severity and

exacerbations
Pattern consistent over time Movement disorder often changed

over time
No pain (exception cervical

dystonia and secondary pain)
Severe pain

May have sleep benefit No sleep benefit
Remissions rare Remissions common

Examinations Consistently action-specific Inconsistent activation pattern
Disability predictable from dystonia

pattern (including task specific
movement disorders)

Discrepancy between dystonia
pattern/examination and
reported disability

Recognized pattern of dystonia
(can be deceptive)

Pattern incongruent with organic
dystonia

Mobile dystonia Fixed dystonic posture
Geste antagonists Sensory tricks rare
No startle Startle response
Rarely modifiable Distractibility/increase with

attention/trigger points/
suggestibility

Neurological examination otherwise
normal

Nonorganic signs and/or other
psychogenic movement disorders
(often paroxysmal)

No or only mild or transient
response to placebo, suggestion,
or psychotherapy

Marked or persistent response to
placebo, suggestion or
psychotherapy possible but not
uniform

– Scars indicating self-harm or
previous somatisations

Psychiatric
assessment

Mild depression or anxiety may
coexist

Significant psychopathology,
particularly depression, anxiety,
personality disorders

– Past history of abuse
– Secondary gain
– Compensation claim, litigation
– Abnormal illness behavior
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including wasting, trophic changes, or even osteoporosis. Furthermore,
pseudoneurological signs are not uncommon, including pseudoclonus,
abnormal reflexes in a rigidly held limb, or a pseudo-Babinski response
(often as a delayed, prolonged plantar extension), which can mislead the
examiner. Although the interpretation of such findings is difficult, the rec-
ognition of the possibility of a pseudoneurological sign facilitates the
recognition of a psychogenic disorder.

2. The presence of other nonorganic signs and findings (such as nonorganic
weakness, nonanatomical sensory loss, resistance to passive movements,
bouts of whole body shaking, or an excessive startle response): There
may be extreme slowness that, unlike bradykinesia, is not fatiguing and
without a decrement in the amplitude of the movement. There may be con-
sistent past-pointing in an otherwise normal (sometimes excessively slow)
finger–nose test, and other tasks may simply not be completed, e.g., repeat-
edly stopping two inches short of the target on the finger–nose test. The
most useful sign is probably Hoover’s sign, which has been shown to quan-
titatively differentiate organic and nonorganic weakness (19). However,
caveats apply to all nonorganic signs. For example, give-way weakness
may be seen if the movement causes pain, and nonspecific sensory
symptoms not following a nerve or radicular distribution are common in
Parkinson’s disease and often predate the onset of motor symptoms.
In addition, classical signs such as midline splitting, splitting of vibration
sense (reporting a difference in the sensation of a tuning fork placed over
the left compared to the right side of the sternum), and la belle indifference
have poor specificity and are, therefore, of limited value in assessing these
patients (20). There may also be a discrepancy of objective signs and
disability (e.g., patients with mild unilateral weakness who are bed—or
wheelchair-bound or, conversely, patients with no use of both arms who
manage at home on their own). Similarly, there may be a discrepancy of
subjectively reported symptoms and investigations that exclude a patho-
physiological correlate, e.g., normal sensory-evoked potentials in a patient
reporting total loss of sensation in a limb.

3. Features of a psychogenic movement disorder: There are a number of
specific, positive features, which suggest the diagnosis of a psychogenic
movement disorder, including psychogenic dystonia. These include fluctua-
tions during the examination, particularly an increase of the dystonia with
attention and suggestion and a decrease with distraction; a changing fre-
quency, amplitude, or pattern; the ability to trigger movements with
unusual or nonphysiological interventions (e.g., trigger points on the body,
passive movements of another limb); and the character of the dystonia may
be incongruous with the features of organic dystonia. The most reliable
feature allowing a confident diagnosis of a psychogenic dystonia (or other
psychogenic movement disorder), however, is a marked and persistent
improvement with psychotherapy, placebo, or suggestion. It is important
that this response is significant and sustained, as placebo effects are well
recognized to improve movement disorders transiently up to 30% (21).

4. Scars from multiple operations or self-inflicted injuries: The physical
examination may reveal multiple scars from multiple previous operations,
which may be due to previous abnormal illness behavior or somatization,
or self-inflicted injury, suggesting an underlying psychiatric disturbance.
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Psychiatric Assessment

There are few studies assessing psychiatric aspects specifically in psychogenic dys-
tonia. However, psychiatric aspects of psychogenic movement disorders in general
also apply to psychogenic dystonia. Thus, ‘‘psychogenic movement disorders’’ from
a psychiatric point of view are comprised of a mixture of conversion disorders,
somatoform disorders, factitious disorders, and malingering in the framework of
the Diagnostic and Statistical Manual of Mental Disorders 4th Edition-Revised
(22). While the diagnosis of conversion disorder requires an acute stressor before
the onset of the motor or sensory dysfunction, this may not always be evident
when a diagnosis of a psychogenic dystonia is made. In somatoform disorders
in general, other somatizations are commonly present. Factitious disorders and
malingering as a cause of psychogenic dystonia are probably rare but have been
reported (23).

Many patients with psychogenic dystonia report an entirely normal mental
state and are often reluctant to see a psychiatrist. However, comorbidity between
conversion disorder and both Axis I (clinical disorders) and Axis II (personality
disorders) is significant. Most patients with conversion disorder have at least one
comorbid Axis I diagnosis, with rates of depression ranging from 26% to 71%,
and anxiety disorder present in 7% to 38% (8,10,11,24–26). Personality disorders
are diagnosed in 42% to 67% of patients and include a variety of personality subtypes
(with dependent and borderline personality of higher frequency). Thus, psychiatric
assessment can provide useful, often critical, information and potentially allows
underlying psychological causes to be addressed. In addition, previous episodes of
psychiatric illness, behavioral abnormalities, and self-harm may be revealed, psycho-
logical stressors as precipitating or maintaining factors identified and addressed, or a
history of psychological trauma, including childhood sexual, physical, or emotional
abuse, uncovered. Whilst these features may support a diagnosis of a psychogenic
problem, none of them is specific for this and may be coincidental. In addition, many
neurological disorders such as myoclonic dystonia (27), stiff person syndrome (28),
or idiopathic torsion dystonia (29) have psychiatric manifestations including
depression, anxiety (including phobia), psychosis, or behavioral disorders. Neverthe-
less, addressing these issues may improve patients’ overall quality of life and lead to
improvement of the physical presentation of a psychogenic dystonia in a proportion
of patients.

Diagnostic Criteria for Psychogenic Dystonias

None of the features listed above is specific for psychogenic dystonia. Not only does
psychiatric comorbidity, a history of psychological stressors, or childhood abuse
occur in a high proportion of people with ‘‘true’’ neurological illness or the general
population but also psychogenic signs may occur in organic illness and single epi-
sodes of somatization occur in a high proportion of people without reaching the
diagnostic criteria for somatization disorder (30). However, some of these features
of psychogenic dystonia and psychogenic movement disorders in general are more
suggestive of this diagnosis than others, and the presence of several of these features
increases the likelihood of this diagnosis. Based on these features, the diagnostic
classification of psychogenic movement disorders, which reflects the degree of diag-
nostic certainty of this diagnosis (documented, clinically established, probable, or
possible), was modified for psychogenic dystonia (6) (Table 2).
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Investigations

Other than excluding causes for secondary dystonia, there are a few specific investi-
gations that may contribute to the diagnosis of dystonia. Several abnormalities in
spinal and motor cortical circuits have been reported in patients with dystonia,
which include abnormalities of intracortical inhibition and of the cortical silent
period (31), reduced reciprocal inhibition of H-reflexes in the forearm muscles (32),
evidence of broad peak synchronization of motor units in antagonist muscles (33),
and evidence for a new low-frequency drive that is absent in controls but present
in cervical dystonia (34). In addition, several imaging studies have demonstrated
abnormal function on functional magnetic resonance imaging (35) or positron emis-
sion tomography (36). However, while all of these have helped the understanding of
dystonia on a group level, the sensitivity and specificity of these investigations are
unknown, particularly compared to those with a limb permanently held in an abnor-
mal position, and it is not clear how useful these techniques are on an individual
basis. There is preliminary evidence to support the possibility that many of these
electrophysiological abnormalities, indicating altered cortical and spinal inhibition
and thought to be characteristic for ‘‘organic’’ dystonia, can also be seen in patients
with clinically established psychogenic dystonia (37). In addition, these tests are only
available in specialized centers and are not available in routine clinical practice.
Therefore, these tests, at present, do not appear useful in the diagnosis of individual
patients in clinical practice. Further studies are urgently needed to determine the
sensitivity and specificity of these tests in distinguishing psychogenic and organic
dystonia and to establish the effects of simply maintaining the muscles of the body
in question tonically contracted for prolonged periods (in a dystonic-like posture). In
a similar way, functional imaging studies have not evaluated whether changes that
may be seen in patients with dystonia (36,38,39) are also present in individuals with
psychogenic dystonia or with voluntary abnormal posturing of body parts.

COURSE OF ILLNESS

As mentioned above, many patients with psychogenic dystonia have a history of pre-
vious somatizations or other psychogenic movement disorders, which may have
remitted spontaneously or with treatment. There may also have been paroxysmal
exacerbations and remissions, but in others no fluctuations occur and the disorder

Table 2 Diagnostic Criteria for Psychogenic Dystonia

Documenteda Persistent relief by psychotherapy, suggestion, or placebo has been
demonstrated, which may be helped by physiotherapy, or the patients
were seen without the dystonia when believing themselves unobserved

Clinically
establisheda

The dystonia is incongruent with classical dystonia, or there are
inconsistencies in the examination, plus at least one of the following
three: other psychogenic signs, multiple somatizations, or an obvious
psychiatric disturbance

Probable The dystonia is incongruent or inconsistent with typical dystonia, or there
are psychogenic signs or multiple somatizations

Possible Evidence of an emotional disturbance

aAs only the first two categories provide a clinically useful degree of diagnostic certainty, they have been

combined to one category of ‘‘clinically definite.’’ Source: From Ref. 10.
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remains stable over years. The prognosis of psychogenic motor disorders is generally
poor, with the majority of patients suffering long-term disability, requiring a wheel
chair, assistance with self-care, and loss of ability to work or participate in many
social activities. However, outcome varies considerably and psychogenic dystonia
may remain stable, be replaced by other psychogenic movement disorders or by a
mental disorder, or symptoms may completely remit (9,10,40). The chance of
remission of psychogenic movement disorders appears higher in those case series that
included patients with a short disease duration, with up to 60% remissions if the his-
tory was less than three months (41). In most case series from movement disorders
centers, where disease duration is generally longer, remissions only occurred in 10%
to 30% of cases (10,25,26). Sudden onset, new psychiatric diagnosis coinciding with
the unexplained motor symptom has been reported to predict a better course,
whereas receipt of financial benefits and pending litigation appears to be associated
with worse prognosis (25,26).

MANAGEMENT

Patients with psychogenic dystonia should be thoroughly investigated at the initial
presentation to exclude an organic diagnosis and to reassure the patient. Continued
further investigations, however, lead to reinforcement of illness beliefs, and
unnecessary investigations and treatments after a diagnosis of psychogenic dystonia
has been made carry the danger of iatrogenic illness. Whilst controversial, the use of
placebo or suggestion can be used to relieve movements and, thus, may provide
further diagnostic information and reassure patients of the intactness of their bodily
function. Some patients with recent onset symptoms require little further treatment
than an explanation of possible mechanisms of psychological influences on physical
symptoms. In those with longer duration of symptoms, involvement of a psy-
chiatrist, if acceptable to the patient, may reveal underlying psychopathology or
psychological stressors. If an underlying psychological cause can be addressed using
psychotherapy, physical therapy, and psychopharmacologic therapy, this may lead
to resolution of symptoms. Good results have been claimed for admission to an inpa-
tient ward for diagnosis and treatment (10), but the lack of availability of such
facilities limits this approach. At present, there are no randomized controlled trials
to establish the most successful treatment. Such trials are particularly difficult to
undertake, given the heterogeneity of underlying psychiatric diagnoses and stressors.
Cognitive-behavioral therapy is a practical approach that has been reported to have
good results in patients with conversion disorders (42,43), but patients with more
complex and long-standing psychological problems may require different types of
therapy, including interpersonal therapy, family therapy, or dynamic psychotherapy.
Collaboration among neurologist, primary care physician, psychiatrist, psychologist,
and therapist is crucial, and regular follow-up may limit the development of new
symptoms prompting further investigations.

POSTTRAUMATIC DYSTONIA

A controversial area overlapping with psychogenic dystonia is that of dystonia fol-
lowing peripheral trauma (‘‘posttraumatic dystonia’’) (44), which differs from
idiopathic torsion dystonia triggered by a peripheral trauma. The features of
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posttraumatic dystonia overlap with many aspects of psychogenic dystonia, including
abrupt onset, often with a fixed posture from the beginning, rapid progression to
maximum disability, severe pain, lack of a ‘‘geste antagoniste,’’ and onset in the lower
limbs in adults (44–46). In addition, minor trauma is a typical precipitant for the
development of psychogenic motor disturbances (40). One study (47) reported that
all of their followed patients with complex regional pain syndrome (CRPS) and
abnormal movements exhibited nonorganic signs, and in some cases malingering
was documented. Another recent study (48) reported that most patients with
posttraumatic cervical dystonia had nonorganic signs, features suggestive of a
psychogenic movement disorder; were involved in litigation (49); responded with
improvement of posture and/or pain to intravenous sodium-amytal tests; and had
psychological conflicts on psychological testing. In another series of 103 patients with
fixed (usually limb) dystonia, of which the majority occurred after a minor injury, a
large proportion fulfilled strict criteria for psychogenic dystonia or for somatization
disorder, particularly when this history was specifically sought (50). Patients with a
posttraumatic dystonia in whom psychogenic dystonia was proven have been
reported (23,47,51). However, others disagree and have disputed an association
between posttraumatic dystonia, which overlaps with CRPS type I, and psychological
disorders (52–56). In patients with CRPS type I and dystonic postures, abnormalities
similar to those seen in primary dystonia, including impaired reciprocal inhibition of
H-reflexes (57–59) and abnormal stretch reflexes (58,60), have been reported, and one
group reported genetic susceptibilities related to the human leukocyte antigen system
(61,62). In addition, changes in contralateral thalamic perfusion on Iodine-123-
labelled single-photon emission computed tomography imaging in cases of CRPS
(56) have suggested that central adaptation mechanisms occur in CRPS. However,
abnormalities of regional cerebral blood flow in the contralateral thalamus and basal
ganglia, which resolve after recovery, have also been described in patients with
psychogenic, unilateral sensorimotor loss (63), and the neurophysiological abnor-
malities can also been seen in psychogenic dystonia (37). It is therefore currently
unknown whether the reported central changes on electrophysiological and functional
imaging studies are primary or secondary to the clinical changes, and the controversy
regarding the etiology of posttraumatic dystonia currently remains unresolved
(52,64). We believe that psychogenic dystonia is an important cause of abnormal
postures associated with posttraumatic dystonia, with or without features of CRPS.

CONCLUSION

Psychogenic dystonia is a rare but important consideration in the differential diag-
nosis of dystonia. Exclusion of secondary dystonia at the initial presentation is
important, but the diagnosis is not simply a diagnosis of exclusion. Instead, it
can be made based on positive diagnostic features using the classification system
of diagnostic certainty. It requires considerable experience with the presentations of
dystonia, which may appear bizarre and inconsistent. Studies to examine the
pathophysiology and diagnostic usefulness of specific neuroimaging and electrophy-
siological tests to differentiate psychogenic from neurologically determined dystonia
are urgently needed. While it is clear that minor trauma can be a precipitant for
the onset of a psychogenic movement disorder, the classification of posttraumatic
dystonia remains controversial. Management rests on a firm diagnosis following
appropriate investigations and a sympathetic and multidisciplinary approach to the
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patient, with appropriate follow-up following diagnosis. The prognosis of psychogenic
dystonia is very poor, and so carefully designed and controlled studies are critically
needed to establish the best approach for the management of this complicated disorder.
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Nonmotor Symptoms in Dystonia
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INTRODUCTION

Nonmotor symptoms are increasingly recognized in Parkinson’s disease (PD), and
have a significant impact on quality of life (QOL). The presence of such symptoms
as cognitive dysfunction, psychiatric symptoms (psychosis, depression, anxiety, apa-
thy, and poor impulse control), sensory symptoms (pain, restless leg syndrome, and
akathisia), fatigue, and autonomic dysfunction has dominated the literature and led
to the development of a nonmotor-unified PD rating scale. The occurrence of non-
motor features has not been as well established or studied in dystonia. While both
disorders are due to abnormalities in the basal ganglia, they differ in that PD is
neurodegenerative while dystonia is not. This may explain, at least partially, why
nonmotor phenomena are less emphasized in dystonia. Nevertheless, it is clear that
the basal ganglia govern the development of nonmotor symptoms through connec-
tions with sensory cortex, thalamus, limbic structures, and other regions. Although
sensory and psychological symptoms are reported, a search of the dystonia literature
identifies few, if any, references on dementia, autonomic features, and fatigue. This
chapter will review what has been examined with regard to psychiatric symptoms,
sleep disorders, pain, and the nonmotor hallmark of dystonia, sensory tricks.

NEUROPSYCHOLOGICAL AND PSYCHIATRIC CHANGES

Physiological Basis for Change

Consideration of the pathophysiology of primary dystonia provides one basis for
predicting that this disorder may be accompanied by cognitive and psychiatric symp-
toms. Normal control of movement is heavily dependent upon a system of parallel,
segregated neural circuits connecting the basal ganglia, thalamus, and cortex. Several
of these neural circuits include areas within the frontal lobe, notably the orbitofrontal
and dorsolateral prefrontal regions, and modulate cognitive ‘‘executive abilities.’’
These abilities are important to working memory, problem solving, establishing and
switching cognitive strategies and response sets, and response inhibition. Other circuits
within this system implicate limbic regions important for modulating mood and affect.
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Disruption in cognitive and limbic neuronal activity from altered subcortical
basal ganglia and thalamic input may be one basis for executive and mood dysfunc-
tion associated with PD, Huntington’s disease (HD), and, perhaps, dystonia. It has
been hypothesized that, in dystonia, inhibition within the motor system is reduced,
possibly caused by underactive inhibitory output from the internal globus pallidus
to the thalamus (1). Consistent with this, in patients with generalized or focal limb
dystonia, abnormally increased activation of the dorsolateral prefrontal cortex has
been observed on positron emission tomography scanning during joystick move-
ments (2). Similarly, even asymptomatic individuals who carry the DYT1 gene for
primary dystonia show prefrontal activation during motor sequence learning (3).
Thus, the pathophysiology of dystonia provides one basis for predicting that patients
with primary dystonia will exhibit cognitive and mood changes.

Another basis for predicting neuropsychological changes derives from possible
medication side effects. Treatment of dystonia often involves use of anticholi-
nergic medication, most commonly trihexyphenidyl (Artane) and benztropine
(Cogentin). Cholinergic transmission is fundamental to memory and attention,
and disruption of cholinergic systems is an important basis for memory deficits seen
in neurodegenerative disorders such as Alzheimer’s disease and PD. In normal,
healthy individuals, administration of anticholinergic agents such as scopolamine
induces memory deficits, particularly in initial learning and memory encoding. Thus,
use of anticholinergic medication in patients with dystonia can potentially disrupt
neuropsychological abilities, particularly memory and attention.

Neuropsychological Studies

Given these bases for neuropsychological change, existing research suggests that cog-
nitive changes observed in patients with primary dystonia are selective and subtle,
and that medication effects may play a significant role (4,5). In one well-controlled
study (5), 20 subjects with idiopathic dystonia untreated with anticholinergic medi-
cations for at least two years were compared with 25 age- and education-matched
controls. The two groups did not differ at baseline on measures of explicit memory,
procedural learning, verbal and conditional associate learning, visuospatial function,
or executive functions, suggesting that dystonia alone was not associated with signi-
ficant cognitive deficits. To more closely examine the effect of medication on
cognition, 12 of the patients and 20 control subjects were retested after at least
two months of high-dose trihexyphenidyl therapy. Direct statistical comparisons of
the controls and patients indicated that the patients showed weaker performance on
only a few measures dependent upon mental speed, including a test of immediate and
delayed verbal memory (Wechsler Memory Scale Logical Memory) and an executive
function test of response inhibition (the Stroop Test). Older patients were more
affected than younger patients. It was hypothesized that the anticholinergic medi-
cation slowed the rate of information processing, thus affecting initial memory
encoding in conditions more dependent upon speeded processing.

There are only a few other studies examining neuropsychological deficits in
dystonia, and these do not involve large patient samples or control for possible
medication side effects. One study of 14 patients with primary dystonia used a
computer-based battery of executive functions, spatial working memory, and atten-
tional vigilance from the CANTAB as well as standard neuropsychological tests (6).
The quality of patient performance was assessed relative to published, normative
data obtained from large samples of healthy control subjects. As a whole, the patient
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group was impaired only on measures derived from a test of intra-extra-dimensional
(IED) set shifting. Ten of the 14 patients exhibited a selective deficit on this measure,
a task dependent upon frontal lobe integrity. The interpretation of these findings are
complicated by the presence of several, possibly confounding variables. It appears
that the 14 patients who exhibited the IED deficit were taking more medications
and that they had had lower intelligence quotient (IQ) scores (estimated IQ¼ 102)
than the patients without the deficit (estimated IQ¼ 118).

Another relevant study compared 10 patients with primary dystonia to 12
matched control subjects on a test battery focusing on frontal lobe function. Apply-
ing a stringent criterion for statistical significance (p < .002) that controlled for the
number of comparisons, the two groups did not differ on any of the neuropsy-
chological measures. Even when a less stringent criterion was considered (p < .05),
only a few subtle differences (in semantic fluency and dual motor performance)
were observed.

Thus, the existing literature suggests that the pathophysiology of dystonia itself
is unlikely to be associated with significant cognitive dysfunction except, perhaps, in
subtle aspects of response set shifting. These deficits are unlikely to have a major
impact on the patient’s everyday functioning. However, there is evidence that anti-
cholinergic medications used to relieve the symptoms of the disease are associated
with subtle cognitive deficits. Thus, the use of anticholinergic drugs must be carefully
considered in patients of older age or who are taking other anticholinergic medica-
tions. One question left unanswered is whether the long-term use of anticholinergic
therapy may have even more detrimental effects on information processing speed
and memory.

Psychiatric Changes

The bulk of the research on psychiatric correlates of dystonia focuses on the inci-
dence of depression and the potential of premorbid personality or psychiatric
disorder. In several studies, patients with focal hand dystonia (writer’s cramp) or cer-
vical dystonia (CD) did not have elevated rates of psychopathology or personality
disorder prior to or during the course of their illness (7–9). A study comparing
201 CD patients with 135 control subjects with spine pain observed elevated rates
of depression among the CD patients as assessed by the depression scale on the
Minnesota Multiphasic Personality Inventory (4). In a study comparing 85 CD
patients to 49 patients with cervical stenosis, although the two groups did not differ
in their premorbid history of depression, the CD patients had a higher level of
depression as assessed by the Beck Depression Inventory (BDI) (9). The CD patients
more frequently endorsed BDI items that were negatively self-referring (self-blame,
self-accusation, sense of punishment, suicidal ideation, and attempt). Thirty-nine
percent of these patients, but only 4% of the cervical stenosis patients, endorsed
an item reflecting that they had a negative body image.

In a follow-up study (10), self-depreciation was observed to be a major predic-
tor of depression, and negative body concept resulting from postural abnormality
was a major variable accounting for the level of self-depreciation. Longitudinal
changes in the clinical status of the patient’s CD had a significant effect on body con-
cept, depression, and functional disability. Moreover, among 22 of 26 patients who
received benefits from treatment with botulinum neurotoxin, type A, there were
significant posttreatment improvements in depression and disability. Finally, self-
consciousness was reported by 80% of patients to aggravate motor features of CD (11).
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In one study examining the issues of QOL in CD, 289 patients completed the
SF-36 by mail. The strongest predictors of physical and mental QOL scores were
anxiety and depression (12). These authors suggested that treatment should not only
focus on the motor components but also psychological well-being as well. The work
was followed by the development of a disease-specific QOL measure for CD. The
result was a 24-item version craniocervical dystonia questionnaire with five subscales
including emotional well-being (13).

The finding of a negative self-view among CD patients has implications for the
origin and treatment of depression in dystonia in general. If depression is partly in
reaction to a negative self-concept, then cognitive behavior therapy aimed at adjust-
ing the negative self-concept, particularly body concept, may be an important
adjunct to medication treatment of depression. Given that the relief of dystonic
symptoms is often temporary and variable even when treatment is effective, it is
probably important for cognitive behavioral strategies to be practiced repetitively
and on a routine basis in order to develop a stable, improved body concept.

Conclusions

Existing research suggests that patients with primary dystonia experience subtle dif-
ficulty in response set shifting and slowness in the rate of information processing that
may disrupt initial memory encoding. These patients may also experience elevated
rates of depression, perhaps in part related to their self-perception of a negative body
image. Cognitive behavior therapy may be helpful in adjusting this perception.

There are clearly areas where additional research would be useful, including
large-scale studies examining the impact of factors such as disease duration, duration
of anticholinergic treatment, patient age, and possible variation in neuropsychologi-
cal and psychiatric symptoms as a function of the type of primary dystonia (focal vs.
multifocal, generalized vs. hemidystonic). Additional research might also differentiate
more specifically the type of basal ganglia-thalamocortical system disruption associa-
ted with primary dystonia, in which neuropsychological and psychiatric changes
appear to be largely subtle, from that associated with other movement disorders, such
as PD and HD, where such changes are more pronounced, often leading to dementia.

SLEEP DISORDERS

Sleep research in dystonia began over two decades ago in an effort to show that it is
an ‘‘organic psychomotor syndrome’’ (14). These authors reported difficulty with
sleep initiation, maintenance, and an abnormality of rapid eye movement (REM)
sleep in patients with dystonia musculorum deformans. What followed were several
polysomnographic studies that demonstrated increases in stage two sleep, latency to
sleep, and reduced sleep efficiency with increased number of awakenings in patients
with generalized torsion dystonia (15–17). These abnormalities correlated with dys-
tonia severity.

These authors suggested that changes in sleep spindle activity may be associa-
ted with generalized dystonia. In a review of nine patients, sleep spindle activity was
pronounced, high amplitude, and continuous in nature for all of stage two and
portions of stage three in the severe cases (as opposed to the short trains seen in nor-
mals) (17), but diminished in mildly dystonic patients. These authors also report little
change in the declining spindle activity, normally seen with advancing age in
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dystonic patients (17). This same group reported a dystonia patient whose sleep
physiology abnormalities normalized after thalamotomy (18), although some
patients in a prior study had high spindle activity despite treatment with thalamot-
omy (17). Although these discrepancies are somewhat difficult to resolve, sleep
evaluation in another lab also noted these spindle changes in both generalized and
CD (14), and that similarities in nearly 30 cases from several studies suggested that
sleep spindle abnormalities may be a specific feature of dystonia (16,17). On the
other hand, sleep analysis in 24 dystonia patients, 10 control subjects, and 39 sub-
jects with other neurological disorders found increased sleep spindles in only a min-
ority of dystonic patients (4 patients) and an abnormal amplitude in only one case,
suggesting that spindle changes are probably not of clinical significance (19). One
patient with a previous thalamotomy had an increase in spindle number and amplitude.

Few studies have examined sleep in focal dystonias, but an assessment of 10
patients with blepharospasm-oromandibular dystonia demonstrated impaired sleep
efficiency and reduced slow-wave and REM sleep that correlated with disease severity
(20). Interestingly, these authors reported that the dystonic movements decreased with
deeper sleep but did not completely disappear. In a controlled study of nine CD patients
and nine age-matched controls, polysomnography demonstrated normal sleep organiza-
tion and no difference in subjective sleep complaints (21). The only difference between
groups was a larger variance in sleep latency in the CD group, a finding, perhaps, related
to continued cervical muscle spasm associated with head positioning. However, most
patients had a significant decrease in abnormal muscle activity with lying down, and
muscle activity was normal during sleep. One other study demonstrated that some CD
patients developed brief bursts of cervical muscle activity during REM sleep leading
to arousals (22). Lastly, some dystonia patients report symptom benefit after sleep,
but this clinical phenomenon has not been evaluated in the neurophysiology laboratory.

PAIN

Pain is an important feature of dystonia and may lead to an increase in disability or
decline in QOL (23). While the frequency of pain ranges from 68% to 80% in large
series of CD (24–26), reviews of idiopathic torsion dystonia find almost no mention
of pain as a disease symptom. It is probably much less prevalent in other forms of
dystonia although this has not been studied systematically. Most authors believe that
the pain of CD increases over time, emanates from muscle, experienced along the
contours of muscles, and correlates with constant severe muscle spasm (24,27,28).
The pain has been described as widespread and diffuse over the neck and shoulders
with some radiation toward the side of deviation. The intensity is highly variable but
many patients require analgesia. Ten percent of patients have pain before the onset
of obvious dystonic movements. Sleep alleviates pain leading to a diurnal pattern
(21). There is some benefit from such treatments as biofeedback, relaxation thera-
pies, and physiotherapies but more so with botulinum toxin (types A and B). The
improvement of pain parallels the motor response to botulinum toxin, but about
25% of patients may fail to have an improvement in pain with individual doses (29).
In addition, pain alleviation from therapeutic injection may wane over time (30,31).

There has been one systematic study of pain in dystonia and that was in
39 patients with CD (32). A semistructured interview determined that pain was
present in 26 of the subjects. Visual analog measures in subjects with this symptom
reported current pain severity at 30 and severity over the prior five days to be 47. The
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Finnish Pain Questionnaire assessed several descriptive terms for the pain, the 10
most common included tiring, unilateral, radiating, continuous, tugging, aching,
exhausted, tender, deep, and pricking. These terms are common to description of
other forms of muscular pain as well. A pain drawing found that the pain was mostly
ipsilateral to the rotation, included the arm and upper chest, and tended to radiate
up the head and down the trunk. Pain in lower trunk and back was not ipsilateral
but equally distributed to sides. Muscle palpation and algometer measures did not
demonstrate differences in painful and nonpainful CD. The trapezius was usually
the most tender of the muscles. The Tsui scale for CD severity found no difference
in severity between painful and nonpainful groups. Finally, radiological examination
of the neck was also not different between painful and nonpainful CD, suggesting
that arthritic change was not a primary source of pain. The authors suggested that
altered central nervous system processing might play a role, be it spinal cord or basal
ganglia. One other study (33) examined pain pressure thresholds in nine CD patients
versus five controls and found a much lower (2x) threshold to pain in CD. Thresh-
olds were also higher at maximal voluntary contraction than at rest.

Pain is less commonly associated with cranial dystonia, but periorbital eye pain
and eye irritation have been reported in blepharospasm patients (34). In a series of 11
consecutive patients, pain, discomfort, distortion of sensory modalities, and phan-
tom kinetic or postural sensations preceded the dystonia of the face by weeks to
months, and then disappeared when the dystonia occurred (35). The location of
the sensory phenomenon preceded and correlated with later developing dystonic
symptoms. These authors suggest that the sensory component may have been the
earliest manifestation of an evolving process. Initial voluntary movement relieved
the sensation and when involuntary facial movements developed the sensory compo-
nent resolved in the same way. Lower facial pain has been studied in one patient who
developed perioral and jaw pain which was initially diagnosed as atypical facial pain
(36). Prior to developing blepharospasm, the patient, being misdiagnosed was
treated with dissection of the zygomatico-temporal branch of the facial nerve, mul-
tiple sinus surgeries, extraction of all upper jaw teeth, psychotherapy, and treatment
with many medications including dopamine receptor blocking drugs. While there
was no clinically obvious perioral spasm, electromyography (EMG) demonstrated
its presence and botulinum toxin relieved the pain for two months (36). Other, more
straightforward, facial pain syndromes appear to be misdiagnosed frequently. Pain is
also not uncommon in association with jaw dystonia, jaw opening, closing, or devi-
ation types. Here, the pain is located in the temporomandibular joint and frequently
misdiagnosed as temporomandibular joint (TMJ) syndrome if the dystonia is not
obvious (34). Some patients undergo surgery for this problem before the correct
diagnosis is made. Here too injection of botulinum toxin into the appropriate ptery-
goid muscles generally relieves the pain. One other focal dystonia associated with
muscle pain is writer’s cramp. While in the act of writing, many patients complain
of aches in the hand forearm or upper arm. One study demonstrated prominent
writing pain in 11 of 19 cases, with pain resolution at rest (37).

SENSORY TRICKS

Patients with dystonic disorders, particularly the focal forms, often discover ways to
suppress their movements using an interesting array of ‘‘tricks.’’ These usually con-
sist of postural alterations or counterpressure maneuvers that are often tactile or
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proprioceptive in nature (38,39). This has been reported in the medical literature
since 1901 (40), but despite that the unusual characteristics of this phenomenon
has often led physicians to diagnose dystonic patients as psychogenic. The best-
known example of a sensory trick is the classical ‘‘geste antagonistique (GA),’’ where
a finger placed lightly on the chin, either ipsilateral or contralateral to the side of
turning, will neutralize neck turning in CD (Figs. 1 and 2). Others include touching
an eyebrow in blepharospasm, which leads to eye opening, touching the chin to con-
trol oromandibular dystonia, touching the roof of the mouth with the tongue or
holding a toothpick in the mouth to prevent tongue protrusion, and sensation
applied to the arm to prevent writer’s cramp (see Table 1 for a detailed list). The

Figure 1 Cervical dystonia with rotation left, mild retrocollis, and hypertrophy of the ster-
nocleidomastoid.

Figure 2 Cervical dystonia patient demonstrating the ‘‘geste antagonistique.’’ She has placed
two fingers on the cheek and jaw on the side contralateral to the turning. This demonstrates
that the trick is a sensory maneuver that corrects the turning and not a pressure maneuver
pushing the head to the correct position.
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pathophysiology of dystonic movements and behind the usefulness of tricks remains
a mystery. Other sensory phenomena include bright light worsening blepharospasm,
vibration triggering limb dystonia, and lidocaine injection abolishing writer’s cramp.
Furthermore, CD patients have poor proprioception with regard to head and neck
position, and abnormal finger representation has been reported in the sensorimotor
cortex in patients with hand dystonia and in nonhuman primates performing joystick
tasks in an overuse model. Together, these observations point to an abnormality of
central sensory processing on a background of lack of inhibition in dystonia (40–43).
More recent imaging and physiological study has lead some investigators to suggest
that dystonia may be a sensory disorder (40,44,45). The focus on sensory input may
represent an over simplification of the mechanisms associated with tricks because
motor phenomenon also exist, such as walking backward and running for lower limb
dystonia, dancing for truncal dystonia, whistling for blepharospasm (46). In addi-
tion, it has been demonstrated that dystonia can improve if the subject simply
imagines the trick without actually performing it (38).

Several studies have examined the clinical nature of the GA. This phenomenon
was reportedly present in approximately 80% of CD patients in several clinics
(25,26). Filipovic et al. (47) distributed a questionnaire to 102 subjects with CD from
two clinics to assess demographics, clinical effects, and phenomenology, and found
GA in 64% of subjects. Most CD patients with GA reported a significantly earlier
age of onset than those without the GA, and that 60% discovered the trick at onset
of CD and most of the other 40% discovered it within five years of disease. In a

Table 1 Tricks for Various Dystonia

Blepharospasm Finger on eyebrow
Whistling
Mouth opening
Wearing sunglasses
Using an eyelid crutch
Talking
Singing

Cervical dystonia Finger on chin, cheek, or forehead
Hand on top of head or back of neck
Leaning occiput against a wall or headrest
Yawning

Oromandibular dystonia Touching chin
Tooth pick, straw, cigarette holder held in mouth
Touching roof of mouth with tongue
Chewing gum
Using a dental appliance

Upper Limb dystonia Touching wrist or forearm
Changing posture of hand in writers cramp
Using a writing appliance
Changing size of the writing implement
Writing upside down

Lower limb Walking backwards
Running

Axial dystonia Jumping jacks
Dancing
Walking backwards
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majority of patients, the effectiveness remained; however, there was some loss of eff-
ectiveness with time. Although 30% of subjects responding well to botulinum toxin
reported the disappearence of the need for the trick, 53% felt that there was no impact
on the GA, but 13% thought that toxin injections made the GA less effective. The
geste itself improved the symptoms (position, movements, and pain) by at least 50%,
although responsiveness to it was somewhat variable in a majority of patients. The
GA seemed to improve position and head movement more than pain. There was less
of an effect on head tremor, although it has been shown by others that the use of tricks
is one way to distinguish essential head tremor from CD with tremor (48). There was no
influence of direction or complexity of CD on the effectiveness of the trick.

Muller and colleagues (49,50) completed a similar study in 50 patients aware of
a GA, but, in addition to a questionnaire, also completed a motor exam, the Tsui
scale; quantified clinical effects of the GA on videotape; and performed EMG with
polygraphy. Ninety-two percent were unaware of a delay between onset of CD and
discovery of the geste and were unaware of a specific time of discovery. The remain-
der discovered their geste later when actively searching for relief. The geste effects,
while still present, decreased in magnitude of effect over time, possibly due to
progression of dystonia. In some patients, this loss of effect was restored after
botulinum toxin therapy. Laterality of the movement or the facial target was unimport-
ant, a finding that argues against the tricks simply being a counterpressure maneuver.
More than half demonstrated multiple tricks, and the chin and occiput were the most
common targets. Several other tricks were discovered other than touching the face or
head. Deviation of the head improved by a mean of 60% with the most effective
geste; this was often greater than the maximum effect of botulinum toxin. Of course,
the effectiveness of the trick is brief while the effect of botulinum toxin is prolonged
for months. Complexity of CD did not appear to influence the magnitude of effect
from the trick. Finally, the EMG demonstrated two very interesting findings. First,
some patients demonstrated a decreased recruitment density and amplitude (this was
seen in the majority of patients), while others demonstrated an increase of tonic mus-
cle activation. The latter was seen in those with phasic CD in essence changing it
from phasic to tonic CD. Second, approximately half the patients demonstrated the
reduction in neck muscle activity during arm movement without actually touching
the face, while the other half demonstrated that change only with touching the
face. The GA features were identical for both groups. These variations suggest
that several physiological mechanisms may be in play, including one that involves
movement-related alteration in the sensorimotor cortex and another involving
changes due to sensory input, both of which may alter neuronal activity in the basal
ganglia-thalamocortical circuitry. The addition of those patients who improve with
imagining the trick (38) clearly points to the complexity of these phenomena. The
discovery of the effectiveness of sensory tricks has lead to the use of various
techniques that simulate sensory tricks, selective sensory stimulation, and transcra-
nial magnetic stimulation for treatment of CD, and pilot studies have demonstrated
potential effectiveness (51,52).

CONCLUSION

The importance of nonmotor phenomena is increasingly recognized in PD and HD,
however cognitive and psychiatric features, pain, and sensory tricks may not receive
adequate attention in the study and treatment of dystonia. While cognitive
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disturbances appear to be more an effect of medical therapy, the potential of basal
ganglia influence on orbitofrontal and dorsolateral prefrontal pathways may provide
insight into the nature of the physiological changes seen in dystonia, especially when
considering applications for functional magnetic resonance imaging. It is also impor-
tant to realize that depression in dystonia, particularly CD, is influenced greatly by
patient self-perception, and suggests that biofeedback and psychological counseling
may be important. While pain may be a direct or indirect effect of muscle spasm in
dystonia, treatment remains an issue in patients, especially those with CD. Lastly,
the sensory trick remains a fascinating and poorly understood phenomenon in dys-
tonia, and it is highly likely that this sensory-linked clinical finding may provide
insight into the abnormalities in the afferent basal ganglia pathways.
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INTRODUCTION

Currently, several therapeutic options are available for the management of dystonia,
including pharmacologic therapy, botulinum toxin injections (BTX), and stereotactic
surgery. While botulinum toxin and functional neurosurgery have gained popularity in
recent years for the treatment of both generalized and focal dystonia, medical therapy
still plays a significant role, particularly for alleviation of pain and dystonic spasms.
With the exception of dopa-responsive dystonia (DRD) and Wilson’s disease, where
specific therapies are available, the treatment of dystonia is largely symptomatic with
the goal of reducing pain, decreasing abnormal movements, preventing contractures,
and restoring functional abilities while minimizing side effects of the treatment.

The selection of a therapy is partly guided by personal clinical experience and
empirical trials, but the patient’s age, the anatomical distribution of the dystonia,
and the potential risk of adverse effects are also important determinants of the choice
of therapy. Identification of a specific cause of dystonia, such as DRD, Wilson’s dis-
ease, or drug-induced dystonia, may lead to a treatment targeted to the particular
etiology. Therefore, it is prudent to search for the cause of dystonia, particularly
when atypical features are present. For patients with early onset primary torsion
dystonia (PTD), particularly if presenting with segmental or generalized dystonia,
oral medication is usually the mainstay of therapy. For those with adult-onset
PTD in which the dystonia tends to be focal, botulinum toxin therapy is generally
considered to be the treatment of choice. Symptomatic or secondary dystonias tend
to respond less well to pharmacotherapy.

A large number of drugs with a variety of pharmacologic actions have been
reported to ameliorate dystonia. These medications include anticholinergic agents,
dopaminergic agents, benzodiazepines, dopamine depleting drugs, dopamine antag-
onists, and others. However, most of these reports are anecdotal, and the efficacy of
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these drugs is often difficult to assess for several reasons: trials have often been
conducted in small samples of patients; there are limited available data from double-
blind, placebo-controlled studies; the spontaneous evolution of the dystonia with
occasional transient remissions may interfere with clinical results of the trials. Fur-
thermore, a large placebo effect has been demonstrated in clinical trials of dystonia
(1). Therefore, the medical strategy is usually based on anecdotal and personal
experience together with empirical use over many years, rather than evidence-based
scientific data (2,3). Until 10 years ago, reports of major drug trials in dystonia were
rare. Since then, there have been a number of fairly large clinical trials. Furthermore,
enough experience has accumulated concerning some drugs to summarize these
findings and to draw some general conclusions. In general, when initiating an oral
medication, it is important to begin at a relatively low dose, and slowly titrate to
minimize side effects and to use the lowest effective dose. All drugs should be given
in divided doses throughout the day. It is also important to reassure patients of a
possible delayed response and that they need to be patient while awaiting this.

Medical therapy of dystonia could be discussed in terms of therapy for specific
focal dystonias, such as blepharospasm, cervical dystonia, or writer’s cramp, vari-
eties of segmental dystonia, or generalized dystonia. However, there is insufficient
evidence to determine whether pharmacologic differences exist among the various
focal, segmental, and generalized dystonias. Therefore, this chapter considers phar-
macotherapy of all types of dystonia organized by drug class.

DOPAMINERGIC THERAPY

By contrast with Parkinson’s disease in which therapy with levodopa is based on the
known depletion of dopamine in the brains of parkinsonian animals and humans,
current knowledge of biochemical alterations in idiopathic dystonia is still lacking.
An important exception is DRD, where biochemical and genetic mechanisms have
been demonstrated in several postmortem, molecular DNA, and biochemical studies.
DRD is usually a childhood-onset dystonia, characterized by dystonia of the lower
limbs progressively evolving into generalized dystonia and parkinsonism, diurnal
variations with worsening toward the evening, and female predominance (4).
Nygaard et al. estimated that 5% to 10% of patients with childhood-onset dystonia
have DRD (5). DRD is a true biochemical disorder because of a mutation in the
guanosine triphosphate cyclohydrolase I gene on chromosome 14q, which indirectly
regulates the production of tetrahydrobiopterin, a cofactor of tyrosine hydroxylase,
the rate-limiting enzyme in the synthesis of dopamine. There is no evidence of nigro-
striatal neurodegeneration (6,7). Therefore, patients with DRD typically exhibit
dramatic responses to levodopa within days to a few weeks, even with relatively
small doses of levodopa such as 100 mg of levodopa with 25 mg of decarboxylase
inhibitor three times daily. Many patients return to nearly or completely fully
functional levels. In some surveys, the daily dosage of levodopa has been 100 to
3000 mg/day, with an average of 500 to 1000 mg/day (5).

In the usual clinical setting, a trial of levodopa up to doses of 600 mg/day is the
most useful method for diagnosis in DRD because it provides dramatic improvement
with virtual elimination of symptoms. The benefits are usually sustained in typical
cases (8–10). However, a frequent error is to expect an immediate and dramatic
response in every patient with DRD, as the response is sometimes moderate in adults
when symptoms have been longstanding or in patients with compound heterozygous
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mutations. Moreover, progressive improvement can continue to occur over several
years. Therefore, it is important that patients with suspected DRD continued on a
sufficiently high dose of levodopa for a reasonable period of time. Some authors
recommend that a sufficient trial in adults should include 400 mg/day of levodopa/
carbidopa for the first four weeks and 600 mg/day for the second four weeks (11). In
children, the starting dose should be 1 mg/k (11). Although a dramatic response to
levodopa supports the diagnosis of DRD, this test cannot distinguish DRD from
early-onset parkinsonism due to parkin mutations where a dramatic response can
also occur. The absence of marked levodopa-induced dyskinesias and motor fluc-
tuations after sustained treatment helps to differentiate DRD from dystonia due to
parkin mutations (12,13). This difference is explained by the absence of dopaminer-
gic cell loss in the substantia nigra in DRD, where the mutation causes only neuronal
dysfunction, as opposed to parkin mutations that cause marked dopaminergic cell
loss in the substantia nigra.

Because of the exquisite response to levodopa and the varied phenotypes in
DRD including focal and more generalized dystonia, parkinsonism, and spastic
paraplegia, a therapeutic trial of levodopa should be considered in all patients with
childhood-onset dystonia with or without classic features of DRD (14,15). Patients
with DRD may also respond to low-dosage anticholinergic drugs and dopamine ago-
nists (9,16). Tetrahydrobiopterin, a cofactor for hydroxylation of tyrosine, has also
been shown to have a mild-to-moderate effect in patients with progressive dystonia
and diurnal variation in two uncontrolled studies (17,18). In general, if no clinically
evident improvement is observed after one to three months of levodopa therapy,
DRD is probably not present and alternative medications should be considered.

Surprisingly, patients with idiopathic or symptomatic dystonia, not of the
DRD phenotype, have responded to levodopa but usually require higher dosages.
Because these early uncontrolled attempts to treat generalized dystonia with levo-
dopa reached contradictory conclusions, its potential for a placebo effect must not
be discounted (19). Some studies reported improvement in dystonia, while others
found that levodopa may exacerbate dystonia (20–26). There are numerous pro-
blems with interpretation in early studies of dopaminergic agents in dystonia. From
the outset, response measurement may be compromised because at that time DRD
was not distinguished from other forms of idiopathic dystonia. In addition, dopa-
mine agonists used in later studies may have other pharmacologic properties. Among
these agents are lisuride, a dopamine agonist with additional serotonergic agonist
activity, and apomorphine, a dopamine agonist that at low dosages may act presyn-
aptically, resulting in a net decrease of dopamine release (27,28). Furthermore,
there have been no reports concerning the same patients comparing different
dopamine agonists. In a large review of dopaminergic agents in the treatment of
generalized and focal dystonia, an attempt was made to exclude cases with diurnal
variation and parkinsonism that may have had DRD (23). It appeared that about
35% of patients with generalized dystonia improved with levodopa in open trials,
but the improvement was rarely dramatic (23). In addition, 19% of patients became
worse. Open trials with apomorphine, bromocriptine, and lisuride in small numbers
of patients with focal and generalized dystonia also did not yield dramatic benefit
(29–33). Given these data, a reasonable algorithmic approach for treating dystonia
is that, after excluding patients with diurnal dystonia, a trial and error approach
has been suggested for the use of dopaminergic drugs in treating dystonia (23).
Greene et al. reported that many patients who had failed previous trials of levodopa
responded to anticholinergic therapy (25). Thus, although there is no head-to-head
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comparison between anticholinergic drugs and dopaminergic agents, it appears fairly
consistent that a lower percentage of patients respond favorably to dopaminergic
therapy compared to anticholinergic drugs.

Most patients with dystonia tolerate dopaminergic agents quite well. Major
side effects are uncommon and include nausea, light-headedness, sedation, con-
fusion, or visual hallucinations. In cases where there is worsening of dystonia with
dopaminergic agents, this increase in symptoms will resolve when the medications
are discontinued.

Anticholinergic Drugs

Historically, the first patient who received an anticholinergic drug for treatment of
dystonia was Wolf Lewin, a member of the family reported in the first paper on idio-
pathic dystonia by Schwalbe in 1908 (34). In the modern era, Fahn reported that
high-dose anticholinergic therapy was beneficial in patients with dystonia (35,36).
Other studies have replicated these results in both open-label and controlled, double-
blind trials (24,25,37–40). Trihexiphenidyl is the only anticholinergic agent shown to
be effective in a double-blind, randomized, placebo-controlled trial for the sympto-
matic treatment of segmental and generalized dystonia in young patients, but not in
adults (19,38). In these studies, approximately 50% of children and 40% of adults
with idiopathic dystonia demonstrate moderate-to-dramatic benefit. In addition, a
similar benefit of 31% of patients with secondary dystonia, including those with dys-
tonia after birth injury and tardive dystonia, are reported to have a good response to
anticholinergic agents (24,41). The best clinical effect was achieved when treatment
was initiated within five years after symptom onset (25,35). In general, children enjoy
more frequent and dramatic improvement with fewer side effects than adults. The
difference between response rates in children and adults may be due, at least in part,
to the ability of children to tolerate much higher doses of these agents. Dose-limiting
side effects with anticholinergic agents are their peripheral and central adverse
effects. Peripheral side effects such as dry mouth and blurred vision are common.
Coadministration of a peripherally acting anticholinesterase such as pyridostigmine,
synthetic saliva, and eye drops of pilocarpine, a muscarinic agonist, can ameliorate
these symptoms. In contrast, central side effects such as forgetfulness, visual hallu-
cinations, confusion, and behavioral changes are usually dose limiting (42). Despite
these acute adverse effects, no long-term sequelae have been reported.

Although anticholinergic agents are accepted as the most common systemic
agents in the treatment of dystonia, the mechanism of action is not well under-
stood (24,43). Trihexiphenidyl and benztropine are the two most commonly used
anticholinergic agents. Trihexiphenidyl works through direct inhibition of the para-
sympathetic nervous system. Therefore, it has a relaxing effect on smooth muscles.
Benztropine has both anticholinergic and antihistaminic effects. Anticholinergic
therapy is better tolerated if the dose is increased slowly. For trihexiphenidyl, the
treatment should be started at 1 mg/day at bedtime and increased by 2 mg/week up
to the maximum tolerated dose. In one study, the average daily dose achieved was
41 mg/day, with a dosage range of 8 to 80 mg/day (24,25). Some patients may
require up to 120 mg/day, but may experience dose-related drowsiness, confusion,
or memory difficulty. Although most patients require high doses of anticholinergic
drugs before improvement occurs, the anticholinergic dose should be kept as low
as possible so as to maintain physical independence, rather than increasing the dose
to its limits in the hope of abolishing all dystonic spasms. Paradoxical worsening of
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symptoms with anticholinergic drugs is rarely observed although some patients wor-
sen at a low dose followed by improvement at higher doses (35).

In patients with primary dystonia, following a trial with levodopa, anticholi-
nergic agents are usually considered the next pharmacologic agent (3,19,44). Some
patients who fail to respond to dopaminergic agents may improve with anticholiner-
gic therapy (24). However, in many cases of focal dystonia, botulinum toxin type A
has replaced trihexiphenidyl as the treatment of choice. One controlled trial compar-
ing botulinum toxin type A to trihexiphenidyl demonstrated the superiority for focal
injections in the treatment of cervical dystonia (45).

Diphenhydramine, a histamine H1 antagonist with anticholinergic and sedative
properties, has been reported to have an antidystonic effect in three of five patients
with idiopathic dystonia (46), and many patients with blepharospasm use this agent
during times of increased visual difficulties. In the three subjects carefully studied in
prospective fashion, the jerky and clonic components in their dystonia markedly
improved. Although diphenhydramine has anticholinergic properties, the authors
claimed that its anticholinergic effect was unlikely to account for the remarkable
improvement because some patients had failed to respond to prior treatment with
anticholinergic therapy at high doses (46).

Baclofen

Baclofen is a derivative of gamma aminobutyric acid (GABA) that reduces spinal
cord interneuron and motor neuron excitability, possibly via activation of the presyn-
aptic GABAB receptor (47). In the spinal cord, it impedes the release of excitatory
neurotransmitters such as glutamate. In the brain, baclofen has been shown to
increase serotonin in the basal ganglia, decrease dopamine release in the striatum,
produce neuronal hyperpolarization in the substantia nigra, and inhibit noradrener-
gic neurons in the locus coeruleus (48–50). While several actions at many sites in the
nervous system have been described, the exact mechanism by which baclofen affects
dystonia is still unknown, but may be related to its activity as a GABA agonist at
both spinal cord and cortical levels.

There have been no controlled studies of baclofen in the treatment of dystonia,
but it has been shown to be effective in a number of case reports and retrospective
trials, particularly in children and adolescents (51–56). Significant improvement in
dystonic symptoms, especially gait, was found in 30% of 31 children with primary
idiopathic dystonia at doses ranging from 40 to 180 mg daily (51). In this trial, the
average daily dose of baclofen in clinically responsive patients was 79 mg daily. Fur-
thermore, in children with, DYT1 dystonia, baclofen improved leg dystonia and gait
in 14 of 33 patients with a dosage above 50 mg daily, and nine patients reported pro-
longed and stable benefit (56). Patients with milder dystonia at the start of therapy
tended to have a better clinical response. On the other hand, the response to baclofen
in adults with focal dystonias was less impressive, ranging from minimal improvement
to no benefit (25,57). Marsden and Fahn observed no improvement in seven adults
with torticollis and six with writer’s cramp who were treated with baclofen (58). A
combination of baclofen and valproate has been suggested to be of benefit in a small
number of patients with various forms of focal dystonias (53–55). Side effects of baclo-
fen include lethargy, drowsiness, dizziness, dry mouth, and urinary urgency, which
can prevent treatment with the high doses of baclofen necessary to improve dystonic
symptoms. A rapid decrease or abrupt discontinuation of baclofen may precipitate
psychosis or seizures so that slow tapering of this agent is recommended.
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Baclofen is absorbed into the bloodstream rapidly. However, because of the
blood–brain barrier, corresponding cerebrospinal fluid (CSF) levels are usually sig-
nificantly lower than expected (59). This observation may, in part, explain the limited
efficacy of oral baclofen therapy. Narayan et al. suggested that intrathecal baclofen
(ITB) was effective for treatment of dystonia in an 18-year-old man with severe cer-
vical and truncal dystonia refractory to all oral therapy and to large doses of
paraspinal BTX (60). Within a few hours after administration of ITB infusion, his
dystonia markedly improved. Subsequent studies confirmed the benefits of ITB
in dystonia and spasticity, including segmental or generalized dystonias, dystonic
cerebral palsy, stroke, head injury, tardive dystonia, Friedreich’s ataxia, pantothe-
nate kinase-associated neurodegeneration, parkinsonism, and reflex sympathetic
dystrophy, but not conclusively in primary generalized dystonia (61–72). Significant
benefits were demonstrated as a reduction in tone and spasticity and improved qual-
ity of life, activities of daily living, level of function, and cost effectiveness (73–75).
However, it is presently unclear whether ITB can induce lasting remissions in
patients with dystonia. Ford et al. failed to demonstrate a predictable or consistently
significant difference in dystonia and disability score following ITB (76). However,
these results may have been due to the small sample size, failure to optimize the dose
of baclofen, or insensitivity of the rating scale that was used (77).

In the past, the usual indication for ITB in some centers has been severe, gen-
eralized dystonia refractory to oral medications, although currently stereotactic
globus pallidus deep brain stimulation is increasingly considered in this setting.
ITB has also been shown to be effective in patients with hemidystonia or segmental
dystonia (66,71). More specific indications include increased comfort, enhanced
function, and greater ease of positioning or care. ITB is particularly helpful for
patients with dystonia when accompanied by spasticity, such as in stroke, head
injury, or cerebral palsy (69,71,78). Patient reliability and compliance are also critical
for the success of ITB therapy because they must return for periodic pump refills
and dose adjustments. Despite limited and preliminary results, the American
Academy for Cerebral Palsy and Developmental Medicine published a systematic
review of the use of ITB for spastic and dystonic cerebral palsy, supporting the
benefit of ITB in reducing spasticity and dystonia, particularly in the lower
extremities (79).

ITB is administered via an implanted pump connected to an intrathecal cath-
eter (Fig. 1). Before a pump is implanted for long-term therapy, responsiveness to
ITB should be tested in one of two ways: by bolus injection or by continuous
infusion. The purpose of screening is to identify patients whose dystonia is likely
to respond to ITB infusion. Although there is no clear accepted standard regarding
a clinically significant response to ITB trial in dystonia, most specialists accept a
significant (for example 25%) reduction in the Barry–Albright dystonia or Burke–
Fahn–Marsden scores during two consecutive time intervals (77). After implantation
for dystonia, improvement typically occurs in two to three days, which is the time
required for the medication to get up over the cerebral convexities (not within two
to four hours as it does in spasticity). After intrathecal infusion, the concentration
of baclofen within the cervical region and brain has been shown to be less than that
within the lumbar region (80). The mean baclofen dose at the time of response was
485 mg/day (66). Dystonia also requires higher doses than spasticity, as more medi-
cation is probably needed to achieve therapeutic concentrations at a cortical level (81).
Approximately 10% of patients with severe generalized dystonia lose their respon-
siveness to ITB over time. This may occur as early as during the first year of therapy.

306 Bhidayasiri and Tarsy



Whether the lack of response is due to development of tolerance or progression of
symptoms is uncertain. Other side effects, which may occur in about 25% of patients,
include constipation, infection, CSF leaks, or catheter malfunction. Lastly, worsen-
ing dystonia has been reported after ITB, speculated to be a result of a reduction in
spasticity (82).

Antidopaminergic Drugs

There appears to be a group of patients with dystonia who respond favorably to
dopaminergic agents and others who improve with the oppositely acting dopamine
antagonist drugs [dopamine receptor blocking agents (DRBAs) and dopamine deple-
tors]. The effect of DRBAs is paradoxical because they cause both acute and tardive
dystonia in some patients (83). While positive effects have been observed in several
case reports and case series with DRBAs, most clinical trials have produced mixed
results (24,25). In addition, undesirable side effects, including sedation, parkinson-
ism, and tardive dyskinesia, are common. Therefore, the use of DRBAs, particularly
traditional typical neuroleptic drugs, for the treatment of dystonia is discouraged.
However, notable exceptions have been reported with clozapine and risperidone
(both atypical DRBAs) in a small number of open trials. While the mechanism of
clozapine is unclear in both psychosis and dystonia, it has a high affinity for several
receptor types, including H1, muscarinic, 5-hydroxytryptophan (5-HT2), and
a1-adrenergic receptor with moderate affinity for D1, D2, D5, and /2 adrenergic
receptors. Clozapine has been reported to be moderately effective in the treatment
of segmental, axial, and generalized dystonia but with conflicting results in patients
with spasmodic torticollis (84–87). Clozapine should be initiated at a low dose of
12.5 mg/day with slow increments of 12.5 to 25 mg/week until clinical improvement
or side effects are observed. While subjective improvement has been reported in
patients with cervical dystonia with a dose ranging between 37 and 100 mg/day, a
much higher dose (450–900 mg/day) is usually required in patients with axial, trun-
cal, or generalized dystonia (85,87). Although these results are promising, its efficacy
has not been verified in a controlled trial setting. A further advantage of clozapine is
that it does not cause tardive dyskinesia and rare, acute extrapyramidal side effects

Figure 1 Synchromed1 infusion system for intrathecal baclofen therapy. Source: Courtesy
of Medtronic Inc., Minneapolis, U.S.A.
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commonly associated with conventional DRBAs. Clozapine has, in fact, been used
to treat tardive dyskinesia in some patients and may be effective in tardive dystonia
(88–90). Any use of clozapine needs to be closely monitored for agranulocytosis, and
the dose should be maintained at the lowest effective dose to minimize side effects.
Risperidone (a D2 receptor blocking agent with a high affinity for 5-HT2 receptors),
at a dose between 1.5 and 3 mg/day, has been shown in one trial to decrease duration
and amplitude of involuntary movements in segmental and generalized dystonia
(91). Other DRBAs, such as the phenothiazines, haloperidol, and pimozide, are of
variable efficacy in dystonia and have fallen out of favor in recent years because
of concerns for tardive dyskinesia.

Tetrabenazine (TBZ) has the advantage over DRBAs in that it rarely causes
dystonic reactions and to date there has been no documented case of tardive
dyskinesia secondary to TBZ (92). It acts as a reversible high-affinity inhibitor of
monoamine uptake into granular vesicles of presynaptic neurons and secondary
depletion at low doses, as well as a weak D2 postsynaptic receptor blocker in high
doses (93). TBZ has been shown to be effective in various forms of generalized
and focal dystonia in small double-blind crossover studies, large open studies, and
retrospective data analysis (92,94–96). Furthermore, TBZ has been proven to be
moderately effective in a large variety of hyperkinetic movement disorders, particu-
larly in chorea and facial dystonia/dyskinesias (92,95,96). The effects of TBZ can be
further modulated by lithium, either by augmenting the therapeutic efficacy of TBZ
or by allowing a reduction in daily dose of TBZ in patients who had already experi-
enced side effects without loss of therapeutic benefits (95,97,98). Some patients with
idiopathic dystonia reported a favorable response on lithium alone (25,99,100).
Moreover, in some patients, TBZ may be combined with levodopa to ameliorate
side effects of parkinsonism (101). Among various forms of dystonia, TBZ resulted
in marked improvement in 80.5% of patients with tardive dystonia and 62.9%
with idiopathic dystonia, including oromandibular dystonia (92,102). The average
maximum dose of TBZ was around 100 mg daily, ranging from 12.5 to 400 mg. Long-
term benefits have been reported up to 180 months (average 28.9 months) (92).
Common side effects of TBZ include drowsiness, parkinsonism, depression, insom-
nia, nervousness, anxiety, and akathisia, which improve with reduction in dosage
(92). Reversal of TBZ-induced depression has been reported with a number of anti-
depressants (103). Overall, TBZ is considered to be an effective and safe drug for the
treatment of dystonia. Unfortunately, it is not available in the United States, but can
be obtained from the United Kingdom or Canada under the trade names Nitoman
or Xenazine (25).

Benzodiazepines

Although benzodiazepines are frequently used to treat dystonia, no large controlled
trials have been conducted to evaluate their efficacy. In an open study, Greene et al.
reported that clonazepam and other benzodiazepines were effective in 15% of 177
patients with idiopathic dystonia (25). In a double-blind study of 11 patients with
cranial dystonia, 1 mg of clonazepam given intravenously improved symptoms in
82% (9 of 11) of patients, but the difference between active drug and placebo for
the group did not reach statistical significance (104). Since then, a number of open
and retrospective studies followed, which demonstrated improvement of blepharo-
spasm, dystonic choreoathetosis, cervical dystonia, and secondary dystonia with
benzodiazepines, particularly clonazepam (3,25,105,106). While in these trials only
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6% to 23% of patients with generalized or focal dystonia had a good clinical
response, clonazepam may be particularly effective in myoclonic dystonia (25,107).
Dosages of clonazepam range from 1 to 4 mg daily and dose increases may be limited
by sedation. Benefits may derive from decreased anxiety, spasm, and pain. Intra-
venous diazepam was reportedly effective in the treatment of spasmodic torticollis
(108). Currently, there is no evidence for superiority of any particular benzodiaze-
pine. It is important to be aware that clonazepam or other benzodiazepines should
be gradually tapered in case of discontinuation because abrupt withdrawal can cause
seizures and other withdrawal symptoms.

Other Pharmacologic Agents

Many patients with dystonia require a combination of several medications for
effective treatment. In fact, Marsden et al. proposed a triple therapy (‘‘the Marsden
cocktail’’), consisting of a dopamine depletor (reserpine or TBZ), a dopamine recep-
tor blocker (pimozide), and an anticholinergic drug (benzhexol) for treatment of
severe dystonia (39). In addition to the medications already discussed, there are
scattered, largely open-label reports concerning the efficacy of a variety of other
miscellaneous drugs in the treatment of dystonia. Initial enthusiastic reports on
the efficacy of carbamazepine were not replicated in subsequent larger studies that
showed minimal efficacy (109–111). Currently, anticonvulsants are more commonly
used in paroxysmal kinesigenic dystonia. Mexiletine, an antiarrhythmic drug related
to lidocaine, has been shown in a small case series to improve blepharospasm and
cervical dystonia for three to six months (112,113). In another study, test doses of
intravenous lidocaine produced transient and rapid decreased muscle contractions,
and in an open-label study of mexilitene in cervical and generalized dystonia, six
patients showed significant improvement in severity of dystonia as assessed by
rating scales and videotapes (114). Although these results seem encouraging, the
total number of patients treated is too small to confirm the role of mexilitene in
dystonia therapy.

Alcohol is effective in patients with autosomal dominant dystonia with light-
ning jerks, currently known as myoclonus–dystonia (115). An intravenous infusion
of alcohol decreased dystonic scores in five of seven patients with cervical dystonia,
but had no effect in patients with Meige’s syndrome, tardive dystonia, and general-
ized torsion dystonia (116). Gamma-hydroxybutyric acid has been reported to be
helpful in patients with severe myoclonus and dystonia, particularly when the dis-
order is alcohol sensitive (117). Clonidine has been evaluated in patients with
torticollis and generalized dystonia (25,118). However, the results were inconsistent
and only a small number of patients obtained partial relief. Riluzole has also been
considered as a potential agent for treatment of spasmodic torticollis refractory to
other therapies (119).

Tizanidine is a centrally acting muscle relaxant that works through agonistic
activity at noradrenergic a-2 receptors (120). Tizanidine has primarily been used
to control spasticity in pyramidal disorders, and its efficacy in the treatment of dys-
tonia has not been extensively studied (121). An open-label, single-blind placebo
study in patients with cranial dystonia showed inconclusive results with a large drop-
out rate (5 out of 11 patients) (122). Because in practice tizanidine is commonly used
to treat dystonia with uncertain results, a controlled trial is needed to determine its
efficacy. Side effects of tizanidine are similar to baclofen and include sedation, con-
fusion, light-headedness, weakness, and hepatotoxicity (121).
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Treatment of Dystonic Storm

Dystonic storm, also known as status dystonicus, refers to an acute worsening of pri-
mary or secondary dystonia, comprised of severe episodes of generalized dystonia
and rigidity, severe enough to be associated with bulbar and ventilatory compromise
(123). Complications may be caused by metabolic derangement, renal failure, hyper-
pyrexia, and respiratory distress. Precipitating factors that have been reported
include infection, postoperative stress, introduction of clonazepam, and reduction
of lithium (60,123). Although the condition is rare, it can be life threatening. Patients
with dystonic storm should be managed in an intensive care unit with aggressive res-
piratory and hemodynamic support. It is often necessary to institute paralysis,
ventilation, and sedation in order to avert bulbar and respiratory complications.
In addition to supportive measures, the Marsden cocktail (benzhexol, TBZ, and
pimozide) or ITB may be therapeutically helpful and should be considered (39).
Stereotactic surgical intervention (pallidal deep brain stimulation) may be indicated
in extreme drug-resistant cases.

CONCLUSION

As reviewed in this chapter, options for effective medical therapy for dystonia are
very limited. The goal of treatment is largely symptomatic in order to improve pos-
ture, function, and relieve associated pain. The majority of patients with dystonia
require a combination of different pharmacologic agents in order to obtain adequate
relief. As discussed, many drugs have been reported to be of some benefit in variable
numbers of patients with various forms of dystonia, but a strong claim cannot be
made for any single drug (monotherapy) except for the special case of levodopa in
DRD. Therefore, the selection and order of introducing drugs in a given patient is
still largely individualized and guided by personal clinical experience and empirical
trials. However, based on the current evidence, it is recommended to begin therapy
with a short course of levodopa to rule in or rule out the remote possibility of DRD
(Fig. 2). Once a levodopa trial has been performed, the next drug to be considered

Figure 2 Treatment algorithm of dystonia.�Denotes only in selected cases. Source: From Ref. 3.
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should be an anticholinergic agent because they are effective in the highest percent-
age of patients. To minimize adverse effects, one should start with a low dose and
titrate slowly until benefit appears or intolerable side effects occur. If further drugs
are needed, baclofen or benzodiazepines can be considered because persistent side
effects are rarely encountered. Baclofen can sometimes produce dramatic results, espe-
cially ITB in patients with combined dystonia and spasticity affecting the lower
extremities. Antidopaminergic therapy, including dopamine depletors such as TBZ,
can later be considered as an ‘‘add-on’’ if dystonic symptoms still persist. Despite the
numerous medications to be considered, patient education and supportive care,
including physical and occupational therapy, should not be overlooked. Well-fitted
braces may improve posture, prevent contractures, and may serve as a ‘‘sensory
trick’’ in some patients. Treating dystonia in children or adults requires persistence
and patience on the part of the patient, family, and physician. Although deep brain
stimulation surgery and BTX are increasingly available, medical therapy still plays
an important role, particularly in patients with generalized dystonia or as a useful
adjunct to BTX in patients with focal or segmental dystonia.
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21
Anatomic Principles for Botulinum
Toxin Injection

Richard L. Barbano
Department of Neurology, University of Rochester, Rochester, New York, U.S.A.

Successful treatment with botulinum toxin (BoTN) is critically dependent on the
appropriate localization of the intended target muscles. Clearly, one needs to identify
the muscle or muscles producing the abnormal movement, be it dystonic, spastic, or
even secondary to ephatic transmission, as in hemifacial spasm. The initial and most
important step in this process is the physical exam, and as such, a thorough knowl-
edge of muscles and their action is necessary. This chapter will address a systematic
approach to determine appropriate muscles for BoTN injection, electrophysiologic
tools to improve therapeutic success, and specific sites for injecting the more
commonly involved muscles in primary and focal dystonia. While it is beyond the
scope of this chapter to document all the structures that could be potentially injured
while injecting with BoTN, care must be taken with every procedure and frequent
reference to an anatomy atlas is recommended (1,2).

OVERVIEW OF ANATOMIC LOCALIZATION

Localization of dystonic muscles can be divided into two broad categories: clinical
examination and supplemental guiding techniques. Clinical examination initially
requires careful observation of the abnormal position or movement. The patient
should be examined both at rest and while performing any movement or activity that
might provoke the dystonic posture. In addition, some patients, continually accus-
tomed to countering the involuntary muscle pull, may also require distraction to
ensure the active muscles, rather than the compensating muscles, are identified.

Once the abnormal position or movement has been visually determined, confir-
mation is achieved with muscle palpation for muscle hypertrophy or asymmetry, and
both passive and active movement toward and away from the dystonic posture. While
patient report of areas of tightness or pain is sometimes helpful, given that symptoms
of pain may arise from ‘‘compensatory’’ muscles constantly struggling to return the
head or limb to the ‘‘normal’’ position or from other soft or bony tissue inflammation,
some caution is suggested.
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Supplemental guiding techniques [e.g., electromyography (EMG), electrical
stimulation, and motor point localization] are useful for confirming anatomic
localization of nonsuperficial muscles as well as smaller muscles, such as in hand
dystonias. To increase benefit, these tools must correlate with the clinical activity
observed; ‘‘compensatory’’ muscles may also be active as patients consciously or
unconsciously attempt to counteract the abnormal position or movement. Motor
point localization with surface stimulation is more often used in studies of spasticity
rather than dystonia and will not be covered in this chapter. Direct visual guidance
techniques with ultrasound and fluoroscopy have also been described for deep,
otherwise difficult to assess muscles such as the iliopsoas, but are rarely used in
treating dystonia (3).

The decision to use supplemental techniques ultimately depends on multiple
factors. If the appropriate muscles are superficial and readily accessible, direct injec-
tion without supplemental guiding techniques may be appropriate depending on the
experience of the injector. However, several studies have reported that even experi-
enced injectors may not be as accurate as one might predict (4). The ability to
accurately localize a dystonic muscle depends on its size and depth. Hypertrophied
superficial muscles such as the sternocleidomastoid in cervical dystonia or large super-
ficial muscles such as the deltoid or biceps do not usually require EMG confirmation.
However, deeper muscles involved in cervical dystonia, such as longissimus capitus
or even the levator scapulae are not as readily assessed by palpation alone. Limb
dystonias, especially of the hand and arm, are further complicated by the close prox-
imity of dystonic muscles to unaffected muscles. Accurate injection in such cases is
critical to satisfactory outcome.

THE IMPORTANCE OF ACCURACY

Obviously, the ability to deliver BoTN into the appropriate muscle or muscles is tan-
tamount to clinical success. After clinical observation and exam, once a target muscle
is chosen, the injection needle must be placed into the muscle itself. Earlier studies
have shown that BoTN can diffuse across fascia to distances up to 4 cm with injected
doses of 10 IU (5). Muscle fascia can reduce the spread of BoTN by about 20% in
experimental animal models, although even low doses are able to cross this potential
barrier (6). Additional toxin outside of the intended target muscle increases the risk
of local and distant unwanted side effects. Local side effect include weakness of
contiguous or nearby muscles. Other side effects include dysphagia with neck injec-
tion or ptosis after eyelid injection. Additionally, some nearby muscles may have
opposing actions to the intended muscles and weakening them may exacerbate the
abnormal position (for example, flexor carpi ulnaris and extensor carpi ulnaris).
Distant side effects are dose dependent and likely a result of toxin entering the
circulatory or lymphatic system. Systemic effects have been shown to occur even in
relatively low total dose injections; increased jitter has been found in distant muscles
after injections for blepharospasm (7). Therefore, delivering the least effective amount
of toxin in the most accurate manner decreases the risk of unwanted local and distant
side effects as well as the risk of the development of neutralizing antibodies.

The area of paralysis within a muscle increases with the dose of toxin delivered,
although there is a plateau effect if sufficient toxin is given to paralyze the cross-
sectional area of the muscle (8). BoTN diffusion within a muscle is dependent on several
factors. Borodic et al. showed that BoTN diffuses within a muscle proportional to its
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concentration and dilution (9). The study demonstrated that there is linear spread of
biologic effect within a muscle as a function of the dose administered, and that the bio-
logical effect spreads to contiguous muscles when larger doses are used. Although
BoTN diffusion is dependent on volume of injection, the dose seems to be the more
potent factor. In an animal study, a 25-fold increase in dose with constant volume
resulted in a doubling of paralysis, whereas a 100-fold increase in volume with con-
stant dose was needed to produce the same effect (8). Even with maximal accuracy,
toxin diffuses to local nearby muscles, as noted in a study using single injections per
muscle (10). These results might favor multiple injections of smaller doses per muscle
over a single larger dose injection in order to minimize diffusion side effect, but this
would need to be balanced against the potential for creating multiple punctures in the
fascia through which there is the potential for medication ‘‘leakage.’’ Decreased spread
with smaller-volume injections had been demonstrated by earlier works in animals
(11). Single-site, larger-volume injections versus multiple-site, smaller-volume injec-
tions was evaluated in humans with cervical dystonia (12). Although the multiple
injections per muscle group appeared superior in terms of the treatment of pain, pos-
ture, and range of motion, no analysis of side effect reflecting diffusion was reported.

The above discussion pertains to the importance of accurately injecting the
appropriate muscle. Additionally, there is at least theoretical advantage to injecting
certain regions within the desired muscle. This is a situation where electrophysiologic
guidance might play a role and is discussed below.

ELECTROPHYSIOLOGIC GUIDANCE

EMG has long been used to aid in the localization of dystonic muscles. The pro-
cedure is adjunctive to the physical exam (13). Because BoTN works at the
neuromuscular junction and diffuses within a muscle proportional to the dose and
volume, delivering the toxin directly to this site should be the most efficient way
to produce paralysis. In spasticity, and likely in dystonia as well, there is good theore-
tical reason to specifically target the neuromuscular junction (motor end plate)
within the muscle (14). In an animal study, the targeting of the end plate with EMG
guidance produced more effective force reduction when compared to non-EMG–
guided mid-belly multiple site injections intended to maximize spread within the
muscle (15). In clinical practice, however, this effect has been harder to demonstrate.
A prospective study of injections of the gastrocnemius in spasticity comparing mid-
belly (and presumably closer to the end plates) versus a proximal motor point region
failed to show any clinical difference between the two injection sites, although as
pointed out by the authors, several limitations in the study may have confounded
the results (16).

Motor end plates may be concentrated in a single band at the mid-belly of the
muscle, localized in several bands, or diffusely scattered throughout the muscle.
Spindle-shaped muscles are typical muscles with a single innervation band at mid-
belly. Most limb muscles have such a band, found roughly half-way between tendon
insertions (mid-belly); notable exceptions being the gastrocnemius, deltoid, forearm
flexors and extensors, and rectus femoris (17).

Finding the neuromuscular junction via EMG in patients with dystonia may be
problematic, however. Finding the ‘‘seashell noise’’ and end-plate spikes character-
istic of neuromuscular junction is difficult in a muscle that has persistent activity;
it is also more uncomfortable for the patient as this area is more painful to probe.
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EMG guidance might also be useful given that dystonic muscle activity, at least
in torticollis, may change patterns after BoTN injections (18,19). Brans et al. showed
that not only can activity switch from one most active muscle to another but
also noninjected muscles can increase in activity (20). This phenomenon was not
specifically related to treatment with BoTN, as it occurred after treatment with trihexy-
phenidyl as well. Such switching may occur even as the neck resumes its pretreatment
position. In some individuals, muscle activity patterns might change spontaneously
despite constant head position. In a small study of 17 patients with BoTN treatment
‘‘failure’’ who were undergoing evaluation for surgical denervation, nine had spon-
taneously changing muscle activation patterns despite a stable dystonic position over
a 10-minute evaluation (21). Therefore, should similar injection patterns and doses
fail to produce the desired response, one must consider the possibility that other
muscles might have increased activity. This possibility could be explored with
EMG prior to testing for immunoresistance (19).

Finally, most injectors who use EMG have noted that on repeat injection cycles
there are certain regions within the cross-section of a muscle that are more active than
other regions within the same muscle. It is not known whether this represents incom-
plete diffusion of the toxin on the prior injection, or an earlier region of reinnervation.
At least in theory, targeting the most active region of a muscle might lead to a more
effective decrease in force production, although this has not been demonstrated.

Electromyography

One of the most important aspects of EMG for guided injections is the interference
pattern. When a patient is not attempting to self-correct a dystonic posture, dystonic
muscles usually display a full or near-full interference pattern. This is readily contrasted
with nondystonic muscles that will only display such a density of activity with strong
voluntary activation. This interference pattern can either be persistent (tonic, with
sustained posture) or intermittent and bursting (tremor or ‘‘spasm’’). In patients with
associated dystonic tremor, the phasic tremor activity can be seen and heard electrophy-
siologically, often timed to the clinical tremor. It must be remembered that this activity
should be found with the patient relaxed and not performing voluntary activity in order
to be certain that the muscle sampled is contributing to the involuntary action. Confirm-
ing that the needle is in the target muscle can be further accomplished by having the
patient voluntarily activate the muscle to reproduce the dystonic position (remembering
however that different sets of muscles may produce identical neck positions) this may be
especially important in the limb dystonias where dynamic EMG studies are technically
difficult. If the patient is unable to voluntarily activate the muscle of interest, passive
movement of the limb or finger by the examiner may be detected by the EMG, and
confirm localization. Otherwise electrical stimulation might be considered.

Research criteria for dystonic EMG activity have included consistent tonic or
phasic patterns of discharge; amplitude of discharge of 50% or more the amplitude
during maximal voluntary activation; and the EMG discharge occurring in the pres-
ence of the patient’s abnormal posture (4). Others have used the amplitude of the
motor units while recording in the dystonic position, with amplitudes greater than
100 microvolts considered diagnostic for involvement of the recorded muscle in
producing the posture (20). It must be remembered that such EMG is not specific
to dystonia. It is also important to take into consideration that muscle activity
may be ‘‘compensatory,’’ that is, a conscious or unconscious attempt by the patient
to counteract the abnormal dystonic position or to relieve pain. Additionally, there is
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frequently cocontraction of antagonistic pairs of muscles, a physiologic hallmark of
dystonia (22). Thus, clinical correlation must always be considered prior to injection,
rather than making that decision based solely on the electrophysiological recording.

It is important that the EMG activity be ‘‘crisp’’ sounding, with rapid rise times
(< 500 msec from baseline to peak) and with appropriate motor unit amplitudes. All
these will indicate that the recording tip of the needle electrode is close to the muscles
producing the activity. Dull or ‘‘thuddy’’ sounding units are still at some distance to
the recording tip. Distant units also have less rapid rise time and are often of smaller
amplitudes. A rapid change in the ‘‘crispness’’ of the auditory signal is heard when
the muscle membrane is pierced. With experience, the injector will be able to use the
change in auditory frequency of firing units to guide the position of the needle into
active muscles, or even the most active part of a particular muscle.

Surface recording electrodes have been used in some studies but their record-
ings are limited to superficial muscles. Fine-wire electrodes have also been used,
mainly for simultaneous recordings of several muscles. Both of these EMG tech-
niques are more appropriate in the research setting. In the clinical setting, the most
useful electrode type is the hollow monopolar electrode. Hollow monopolar electro-
des are available with Teflon coating and in a range of lengths and gauges. These
needle electrodes allow for simultaneous analysis of activity and injection of BoTN
without requiring a change in the needle or the needle position. As in all monopolar
EMG analysis, a surface reference electrode is also needed. For the most accurate
motor unit action potential waveform analysis, the surface reference electrode is
placed on the skin as close to the recording electrode as practical. In the clinical prac-
tice of delivering intramuscular BoTN, however, proximate reference location is not
as critical and it is usually unnecessary to change locations of the surface electrode
for each muscle. Placing the surface electrode in a central location will usually suffice
for all ipsilateral muscles.

Electrical Stimulation

An alternative to the use of EMG to localize dystonic muscles is to use electrical
stimulation (10). The same hollow monopolar electrodes used for EMG can be used
for electrical stimulation. A surface reference electrode is also needed; in electrical
stimulation technique, however, the placement of this electrode is more important
and should be as close as possible to the target muscle. Most EMG machines are able
to provide low current stimulation directly to muscle by using the stimulators avail-
able for nerve conduction studies. Portable stimulators are also available and are
relatively inexpensive. Low current (1–5 mA) applied directly into muscle results in
visible contraction of the muscle. Keeping current low is important to avoid injuring
the muscle as well as for patient comfort. Furthermore, keeping the current to the
minimum necessary also allows the stimulation to be isolated to the desired muscle
by preventing costimulation of adjacent muscles. Once visible twitch of the desired
muscle is observed, the stimulation can be slowly decreased with repositioning of
the needle tip so that the minimum stimulation continues to produce the maximum
twitch. This assures that the needle tip is in the desired muscle or even into individual
fascicles within a muscle (for example, stimulation of a particular digit within flexor
digitorum superficialis). Electrical stimulation can be especially useful for patients
who may have limited ability to voluntarily activate a particular muscle due to either
physical or cognitive disability. Results with electrical stimulation appear to be com-
parable to EMG localization (23).
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Electrophysiological Guidance in Specific Conditions

In dystonias where the active muscles are superficial and not lying in close proximity
to antagonistic muscles, EMG is rarely needed. Such is the case for blepharospasm
(as well as hemifacial spasm) and in many jaw-closing dystonias. On the other hand,
when the dystonic muscles are small and not readily accessible to palpation, EMG is
very useful if not critical. This would be the case for spasmodic dysphonia and jaw-
opening dystonia. EMG is also extremely useful when small dystonic muscles are in
close proximity to nondystonic muscles, such as in hand and foot dystonias.

Controversy exists in the need for EMG guidance in cervical dystonia (24,25).
Certainly, EMG guidance aids in the localization of muscle. As has been noted, there
may still be botulinum-induced atrophy of muscle at the time of repeat injection.
When the muscles known to produce a specific dystonic position have been injected
and are still atrophic, and the head has returned to its dystonic position, there are
either areas of the injected muscles that remain active, or other muscles are involved.
These other active muscles may have been dystonic initially or may have assumed
new activity as noted in the above section (18,20). Such circumstances would benefit
from EMG exploration.

BoTN-induced atrophy can make palpation of dystonic muscles more difficult.
However, even without such atrophy, given the complexity of the cervical muscu-
lature, it can be difficult for even experienced injectors to be sure that their needle is
in the intended muscle. An earlier study demonstrated that the needle was not in the
target muscle in 17% to 53% of injections, leading the authors to conclude that EMG
guidance was necessary for accuracy (26). Other investigators reported that
EMG guidance limited neck weakness and dysphagia when compared to prior
experience with non-EMG–guided injections (27), and allowed for lower injection
doses with similar clinical benefit (28). In a study involving four experienced
injectors, localization of the muscle was poorly predicted (4). The vector(s) of the
abnormal head position, presence or absence of shoulder elevation, and muscle
hypertrophy were evaluated after which the examiners predicted the presence of dys-
tonic activity in six pairs of predetermined muscles. EMG mapping showed that the
clinical examination had a sensitivity of only 59% and a specificity of 75%; therefore,
without EMG guidance 41% of dystonic muscles would not be recognized and inac-
tive muscles would have been misinjected in 25% of encounters. Brans et al. studied
420 muscles in 42 patients with CD before and after BoTN treatment (20). They
found that the physical exam for all neck muscles in aggregate had a sensitivity of
only 0.35, a specificity of 0.74, a positive predictive value of 0.77, and a negative pre-
dictive value of 0.31 for the detection of involved muscles. The sensitivity was highest
for the sternocleidomastoid (0.42) and splenius capitis (0.44) and lowest for trapezius
(0.24) and scalenes (0.16).

Although questions regarding the clinical benefit of EMG guidance remain,
there are few studies addressing this question. Comella et al. carried out an evalua-
tion of 52 patients with cervical dystonia, prospectively randomized to receive BoTN
therapy either with or without EMG guidance (29). Although there was no difference
in the number of patients showing improvement, patients in the EMG group showed
greater response. This was especially notable in patients with retrocollis, head tilt
and shoulder elevation; postures typically involving the deeper cervical muscles.
There was no significant difference in adverse events between the groups. Con-
versely, there are a number of large published series of patients with cervical dystonia
treated with BoTN without EMG guidance demonstrating comparable outcomes to
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EMG-guided therapy (30,31). More recently, a post hoc analysis comparing the out-
come measures of subjects who received BoTN with EMG guidance versus those
who received BoTN without EMG guidance failed to show any significant difference
between the groups (32). The study, however, was not designed or powered to look
at such an effect and so must be interpreted cautiously.

SPECIFIC GUIDE FOR INJECTIONS

As noted in the introduction, subcutaneous and intramuscular injections of medica-
tions have inherent risks. There are many potential structures that can be injured
including blood vessels and nerves; some, but not all, will be listed below.

Blepharospasm and Hemifacial Spasm

BoTN therapy is the treatment of choice for blepharospasm (33). Blepharospasm
involves the orbicularis oculi muscle, and may be divided into two major concentric
sections: the palpebral and the orbital portions (Figs. 1 and 2). The palpebral portion
closes the eyelid gently as in blinking; the orbital portion closes the eye more force-
fully as in attempting to wink with one eye. The muscle lies immediately beneath the
skin and is readily accessible with a 30 gauge, half-inch needle. Subcutaneous injec-
tions will readily spread into the underlying orbicularis muscle. This is especially true
for the lower lateral and lateral canthus injections of the orbicularis oculus. Toxin in
these locations can diffuse inferiorly and affect the zygomaticus major and minor and
result in an asymmetric nasolabial fold and smile. Care must be taken not to pierce
through the interior side of the muscle as deeper diffusion can lead to weakness of

Figure 1 Superficial facial muscles, anterior view.
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the extraocular muscles resulting in diplopia. This most commonly involves the
inferior oblique muscle, since it lies just inside the inferior orbital rim and may be
affected by medial lower lid injections. In addition to diplopia, another undesirable
side effect is ptosis, resulting from weakness of the levator palpebra. In order to
minimize the risk of ptosis, injections should be avoided near the center of the
superior portion of the orbicularis oculus. Injections in the lower lid should also
avoid the medial segment near the medial palpebral ligament, as damage to the lacri-
mal duct can result in epiphora (tears running down cheek).

Other facial muscles may be involved in blepharospasm. Muscles associated
with ‘‘squinting’’ include the corrugators, procerus, and nasalis muscles (Figs. 1
and 2). The corrugators draw the eyebrow ‘‘medially’’ and downward. This muscle
lies below the fibers of the frontalis and orbicularis oculus and requires somewhat
deeper injections than most other facial muscles. The procerus muscle produces
transverse wrinkling over the bridge of the nose. The nasalis muscle has two parts:
the transverse part and the alar part. The transverse part serves as a compressor or
sphincter of the nostril. The alar part flares the nostrils by drawing the ala of the nose
downward and laterally. Injections of the nasalis muscles have the potential to
spread to the levator labii superioris muscle, which, as the name implies, could cause
some weakness in raising the upper lip (Figs. 1 and 2).

The frontalis (technically the frontal portion of the occipitofrontalis muscle)
muscle may be voluntarily activated in blepharospasm, but usually to counteract
the involuntary forced eye closure. Given the action of this muscle, care must be
maintained if it is injected for symptoms of blepharospasm, and, even then, the nee-
dle should be inserted quite inferiorly, just above the lateral margins of the eyebrows.

Figure 2 Facial muscles, lateral view.
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The frontalis, as well as lower facial muscles that might be involved in blepharo-
spasm or cranial dystonias will be discussed below with hemifacial spasm.

Hemifacial spasm

Hemifacial spasm can involve any muscle innervated by the facial nerve. The facial
nerve innervates the muscles of facial expression including the muscles of the scalp;
muscles surrounding the apertures of the eyes, nose, mouth, and ears; as well as the
platysma, stapedius, stylohyoid, and posterior belly of the digastric. Hemifacial spasm
may be accompanied by mild underlying muscular weakness and as such, starting doses
of BoTN are less than those required for blepharospasm or other cranial dystonias.

The frontalis muscle is connected over the top of the head with its occipital por-
tion and as such draws the scalp back. In doing so, it raises the eyebrows as in an
expression of surprise or horror and results in the familiar transverse wrinkles of
the forehead (Figs. 1 and 2). In younger patients, the skin over the frontalis may be
tight and the muscle quite thin; pinching the skin may help decrease the discomfort
of needle insertion and also decrease the risk of hitting the sensitive periosteum. Injec-
tions should be kept well above the brow (> 2.5 cm) in order to avoid sagging of the
eyebrow (brow ptosis).

Not surprisingly, given their importance in vocalization and expression, there are
many muscles activating the mouth and lips (Figs. 1 and 2). The orbicularis oris is
a large circumferential muscle at least partially derived from surrounding muscles
inserting into the lips. It has many functions including closing the lips, pressing the
lips together in a purse string motion as in blowing a kiss, and pressing the lips against
the teeth. Portions of this muscle can be seen to be active in hemifacial spasm, although
this may be due in part to the fibers of other muscles (e.g., risorius) passing into the
orbicularis oris to insert at the lip. Care must be taken when injecting the orbicularis
oris: not only is it particularly sensitive to the needle, weakness can produce an inability
to form a tight seal around the lips resulting in dribbling of liquids when drinking.

The zygomatic major and minor muscles are powerful elevators of the upper lip.
These muscles can lie some distance below the skin surface underneath the fat pad of
the cheek, coming more superficial near their origin at the zygomatic bone. They can
be affected by injections of the lower lateral orbicularis oculus. The zygomatic major
pulls the angle of the mouth upward and backward and is important in laughing;
overweakness of this muscle can result in a cosmetically unsatisfactory asymmetric
smile and starting at low doses and increasing at subsequent injections to the desired
effect is strongly recommended. The zygomaticus minor muscle elevates the upper lip
and, along with the levator anguli oris, which raises the angle of the mouth, forms the
nasolabial fold. The same caveat regarding ‘‘start low, go slow’’ can apply here as
well. Some have even advocated treating the unaffected contralateral side of the face
with low-dose BoTN to produce more symmetry; symmetric weakness may be more
cosmetically acceptable (34). However, reduction of the dosage to prevent weakness
seems much more appropriate.

The other muscle attaching to the upper lip is the levator labii superioris, which
has its origin at the inferior margin of the orbit, where it lies deep to the orbicularis
oculus. As it courses toward the upper lip, a small slip of muscle (the alaque nasi)
inserts on the nasal alar cartilage and helps dilate the nostril. The main body inserts
in the lateral upper lip and raises it.

Several muscles insert into the angle of the mouth and lower lip. The buccinator
is the deepest of the muscles and forms the inner musculature of the cheek (Figs. 2
and 3). It serves to compress the cheeks in order to keep food between the molars
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while chewing, and also to forcibly bring air into the mouth while sucking and blow
air out while whistling or playing a wind instrument. To inject this muscle, one
would need to go deeper than the usual subcutaneous injections, although this mus-
cle rarely needs to be treated. Treatment should be cautious as well because lack of
control of this muscle can sometimes result in the patient biting the inside of the
mouth. Also, the parotid duct pierces this muscle opposite the third molar and
should be avoided during injection.

The risorius muscle inserts into the angle of the mouth (Figs. 1 and 2). It pulls
the corner of the mouth laterally as in grinning.

Three major muscles act on the lower lip in addition to the orbicularis oris
(Figs. 1 and 2). The depressor anguli oris inserts at the angle of the mouth and pulls
the angle downward and laterally as in the expression of grief. Occasionally, it is
helpful to treat this muscle with a low dose of medication if treatment of the zygo-
maticus leaves the latter muscle weak. In that situation, unopposed action of the
depressors can have the cosmetically undesirable effect of having the patient appear
sad. The depressor labii inferioris pulls the lower lip downward. The deepest and
most medial muscle is the mentalis muscle. This muscle wrinkles the chin, and raises
and protrudes the lower lip as in an expression of doubt or disdain.

Finally, although not officially classified as a muscle of the circum-oral group,
the platysma can be active in an expression of fear, drawing down the lower lip,
especially at the angle of the mouth (Fig. 2). This broad muscle is innervated by the
cervical branch of the facial nerve, originating at the lower border of the parotid
gland. It is quite thin and when activated exhibits a ‘‘corded’’ appearance. Injections
for this muscle should be performed subcutaneously, as it is easy to inadvertently
pierce the muscle, and should be spread out over multiple sites to get adequate spread.

Oromandibular Dystonia

Oromandibular dystonia may occur alone or as part of a regional dystonia, and is
often associated with temporomandibular joint dysfunction or bruxism (35). The
abnormal spasm or persistent activity can involve the lingual, masticatory, facial

Figure 3 Deep muscles of jaw and cheek.
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muscles of expression, and pharyngeal muscles (36). This activity results in several
functional subtypes; jaw opening, jaw closing, jaw deviation, and a combination
of these movements (Table 1). Alternating activity of the laterally deviating muscles
will produce a grinding action.

Jaw-Closing Dystonia

Jaw-closing dystonia mostly involves the masseter and the anterior fibers of the tem-
poralis muscles, but the medial pterygoid may also contribute to jaw closing and
would need to be considered if jaw closing persists despite adequate treatment of
the masseters and temporali (Fig. 4).

The masseter muscle is superficial and readily located over the posterior third
and ramus of the mandible (Figs. 2 and 4). The posterior-most part lies deep to
the parotid gland. The anterior fibers of the temporalis are most involved with jaw
closing (the posterior fibers tending to pull the jaw backwards, or retrusion). These
are best located two or so fingerbreadths superior and anterior to the ear and can be
palpated on forceful jaw closure.

The medial pterygoid muscle also participates in jaw closure (Fig. 3). This mus-
cle is most often approached from the inside of the mouth and injections are more
technically difficult than many of the other muscles. This area is highly vascular,
and thus at higher risk for bleeding complications, and there is also a higher risk
of dysphagia than with externally approached injections.

Jaw-Opening Dystonia

Jaw opening is accomplished primarily by the lateral pterygoid muscles aided by the
muscles collectively called the suprahyoid musculature (37). The lateral pterygoid is
the major force producer for this action, with the digastric muscle assisting. The gen-
iohyoid and mylohyoid are weak depressors of the mandible.

Injection of the lateral pterygoid muscle requires EMG guidance (Fig. 3). With
the jaw in the open position, the notch between the condylar and the coronoid
processes in the ramus of the mandible will be palpable just anterior to the temporo-
mandibular joint and inferior to the zygomatic arch. The needle is inserted at this
notch, passing through the superior part of the parotid gland, then the masseter muscle,
over the mandible, and into the lateral pterygoid muscle. With the jaw voluntarily
opened, and the EMG on, one can see and hear the needle approach and the familiar
motor unit activity will verify the needle placement when the muscle fascia is penetrated.
Caution must be taken with any patient on anticoagulants as this area is very vascular.

The digastric muscle can be located for injection approximately one finger-
breadth behind the posterior edge of the mental tubercle (chin bone) and one
fingerbreadth on either side of the midline (both sides should be injected) (Fig. 4).

Table 1 Muscles Involved in Jaw Movement

Jaw opening Jaw closing Lateral deviation Protrusion

Lateral pterygoid Masseter Cocontraction of Cocontraction of
Suprahyoid muscles

Digastric,
mylohyoid,
geniohyoid

Medial pterygoid
Temporalis
(anterior fibers)

Contralateral lateral
and medial
pterygoids

Bilateral lateral and
medial pterygoids
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Again, using EMG and advancing the needle with the amplifier on, this muscle is read-
ily found when the jaw is actively opened.

The mylohyoid muscles are broad and flat forming a muscular diaphragm that
serves as the inferior-most layer of the floor of the mouth (Fig. 4). The geniohyoid
muscles are paired midline muscles just superior to the mylohyoid.

Jaw opening can also be treated by injection into the ‘‘submental complex’’
alone (nonspecific treatment of the digastric, geniohyoid, and mylohyoid) with injec-
tions given in the midline, 1 cm posterior to and under the tip of the mandible (38).

Tongue Protrusion

Tongue protrusion is accomplished by muscles in the floor of the mouth, superior
to the mylohyoid. The genioglossus muscle is the dominant tongue protruder; the
hyoglossus assists by keeping the tongue depressed during protrusion (Fig. 5).

The genioglossus is a large muscle underneath the intrinsic musculature of the
tongue. It can be accessed through the submental approach. The needle can be placed
two fingerbreadths behind the mandible, one fingerbreadth lateral to midline,

Figure 4 Cervical muscles, superficial, anterolateral view.

328 Barbano



and will pass through the digastric, mylohyoid, and geniohyoid muscles. Because these
latter three muscles aid in jaw opening, localization in the genioglossus can be con-
firmed by sharp EMG activity while the patient keeps the jaw closed and pushes
the tongue forward against the teeth.

Cervical Dystonia

Cervical dystonia can produce almost any abnormal head position with or without
superimposed tremor activity. For purposes of anatomical description as well as
evaluation for rating scales, the primary abnormal positions are described as follows:
rotation (torticollis), flexion (anterocollis), extension (retrocollis), tilt (laterocollis),
and translation (shift). Translation is the abnormal positioning of the head off of the
central axis with the head otherwise remaining upright in all other planes. Translation
can occur in any horizontal plane (anterior–posterior and laterocollis). In clinical
practice, many patients will exhibit some combination of these primary abnormal
positions, sometimes referred to as a ‘‘complex’’ pattern. The tremor associated with
dystonia is often irregular in amplitude with the amplitude increasing as the head
position is moved further away from the primary dystonic (null) position. Tremor
frequency is less regular than other organic tremors and the direction may not follow
a single plane of motion, although direction preponderance may be seen (39).

The patient should be examined in several positions, but initially, while sitting
comfortably without the head resting against or touching anything and without the
use of a sensory trick. She or he should be instructed to not try to correct the invol-
untary position. Having the patient shut their eyes may help in this matter. Range of
motion exam can add information regarding muscles that may be restricting full
excursion. If a dystonic tremor is present, finding a null position with the smallest
amplitude tremor may also help categorize the underlying dystonic posture. The
patient should also be examined while walking as well as doing any other activity
that he or she identifies as provoking the symptoms.

There are 23 muscle pairs connecting the skull to the spine, and it has been
shown in normal subjects that combinations of different muscle activities can pro-
duce the same head position (40). The same ultimate head vector might be produced

Figure 5 Cervical muscles, superficial and first layer; posterior view.
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by different muscle combinations depending on the task (for example, if the head
position were obtained by a stationary subject following a moving object or vice
versa), suggesting that the central nervous system programs the neck muscles to
respond to specific task-induced orientations rather than generating an infinite var-
iety of muscle patterns (41). Certain muscles and combinations appear to be more
commonly involved in cervical dystonia, or are at least more commonly injected with
good clinical effect. These include the splenius capitis, semispinalis capitis, sternoclei-
domastoid, and scalene muscles (28,40,42) (Table 2).

The anatomy of the neck is complex and replete with critical structures to be
avoided when injecting BoTN. The neck is often conceptually divided into anatomic
regions by readily identified landmarks. Although the relative depths of muscles will
be pointed out (see also appropriate figures), needle depths are often not designated
as they can vary greatly with the girth of patient’s necks.

The anterior triangle is bordered superiorly by the jaw and laterally by the
anterior border of the sternocleidomastoid (Fig. 4). It is covered superficially by
the platysma, which is not usually involved in cervical dystonia. Deeper in this
triangle are the pharynx and esophagus, which if weakened by BoTN can produce
dysphagia and changes in voice volume or enunciation. Fortunately, the anterior
triangle almost never needs to be penetrated in cervical dystonia.

The sternocleidomastoid muscle (SCM) is readily localized with contralateral
rotation and it may be hypertrophied in contralateral torticollis; providing resistance
will accentuate it further (Figs. 4–6). The SCM has its two familiar heads, one orig-
inating from the manubrium of the sternum and the other from the medial third of

Table 2 Muscles Producing Abnormal Postures in Cervical Dystonia

Rotation Contralateral Sternocleidomastoid muscle,
anterior, and middle scalenes,
trapezius, semispinalis capitis and
cervicis, multifidus

Ipsilateral Splenius capitis and cervicis, levator
scapulae, longissimus capitis and
cervicis, rectus capitis posterior
major, Obliquus capitis inferior

Flexion Midsagittal flexion if muscles
are bilaterally active; other-
wise unilateral activity will
cause deviation off midline

Sternocleidomastoid, scalenes,
longus capitis and colli, rectus
capitis anterior

Extension Midsagittal extension if muscles
are bilateral active; otherwise
unilateral activity will pull
head off midsagittal plane

Levator scapulae, splenius capitis
and cervicis, longissimus capitis
and cervicis, spinalis capitis and
cervicis, semispinalis capitis and
cervicis, rectus capitis posterior
major and minor, obliquus capitis
superior

Tilt Ipsilateral Sternocleidomastoid, scalenes,
trapezius, splenius capitis and
cervicis, longissimus capitis and
cervicis, multifidus, obliquus
capitis superior

Shoulder elevation Ipsilateral Levator scapulae, trapezius
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the clavicle, which join to form the bulk of the muscle before inserting at the mastoid
process. Activity of the SCM is responsible for contralateral rotation as well as ipsi-
lateral tilt. If both SCMs are active, neck flexion occurs. Experienced injectors differ in
approach to this muscle, with some injecting in the upper half of the muscle, after the
two heads have joined, and others distributing the toxin to the clavicular and sternal
components of the muscle, inferiorly. The latter approach may allow for more focused
treatment for anterocollis (clavicular muscle) versus torticollis (sternal muscle).
Because anterior cervical musculature is anatomically closer to the pharyngeal mus-
cles, care must be taken to keep the toxin within the muscle; also, smaller-volume
injections as well as limiting the dose will likely decrease the risk of dysphagia (5).

Figure 6 Cervical muscles, cross sectional view at the level of the atlas/upper jaw.
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The same caution would hold true for injections into the scalene muscles, which can be
involved in anterocollis, torticollis, laterocollis, and shift.

The external jugular vein crosses over the SCM and can be visible enough to be
avoided. The great auricular nerve and the lesser occipital nerve exit the posterior
triangle and pass superficial to the SCM on the upper half of the muscle, a typical
injection area. If the needle passes very near, or touches these nerves, the patient may
complain of dysesthesias radiating to the back of the ear or mastoid area, respectively.

Posterior to the SCM is the posterior triangle (Figs. 4 and 7). This anatomic
region is demarcated anteriorly by the posterior edge of the SCM; posteriorly by the
anterior edge of the trapezius; and inferiorly by the clavicle. The posterior triangle con-
tains muscles, which may need injection as well as structures that need to be avoided.
These include the brachial plexus, discussed below, and the inferior belly of the omo-
hyoid that lies just above and deep to the clavicle. Leakage of toxin onto (or direct
injection into) this omohyoid has the potential to cause a sensation of difficulty in swal-
lowing, as these muscles depresses the hyoid after it is raised during swallowing.

The muscles of interest in the posterior triangle include the scalenes anterior
and inferior, and moving posterior and superiorly, the levator, the splenius capitis, and
at its uppermost margin, a small, lateral portion of the semispinalis capitis.

The anterior scalene muscle is deep to the SCM and attaches the anterior
surfaces of the transverse processes of C3 to C6 to the first rib (Figs. 4 and 8). The
middle scalene is the largest of the three scalenes and can be palpated in the posterior
triangle when it is activated either voluntarily or in dystonia. Both anterior and pos-
terior scalenes elevate the first rib, or if the rib is fixed, will flex and tilt the cervical
spine; they will also contribute to contralateral rotation. The middle scalene can be
injected approximately two fingerbreadths anterior to the edge of the trapezius; stay-
ing approximately two fingerbreadths above the clavicle will lessen the odds of
hitting the brachial plexus. The brachial plexus passes posterior to the anterior scalene,
between it and the middle scalene. Care should be taken to avoid injuring the plexus. If
the needle is advanced slowly, patients will complain of dysesthesias if the needle comes
to touch the plexus. The posterior scalene is the deepest of the three, arising from the
posterior aspect of the transverse processes of C4 to C6 and inserting on the second rib.
It elevates the rib, or alternatively, will flex and tilt the neck.

The levator scapulae may be palpated immediately anterior to the anterior edge
of the trapezius, at the angle of the neck (Figs. 4,8–10). Although a superficial mus-
cle, the electrically active parts may be at some depth, occasionally up to 3 cm. The
levator can also be accessed through the trapezius (about two fingerbreadths

Figure 7 Cervical muscles, middle layer, posterior view.
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posterior to its lateral edge) at the angle of the neck. The levator primarily elevates
the scapula in conjunction with the trapezius, but can also extend the neck and rotate
the head to the same side.

Just superior to the levator in the posterior triangle, the splenius capitis will be
the most superficial muscle, although a large part of the muscle will lie beneath the
trapezius (Figs. 4–6,9–12). The splenius arises from the spinous processes of C7 to T4
and inserts on the lateral 1/3 of the nuchal line and the mastoid process. At its
inferior portion, the splenius cervicis muscle meshes with the capitis and is difficult
to distinguish (Figs. 8,9,11). When active unilaterally, the splenius capitis ipsilaterally
rotates and tilts the head; bilateral activation extends the neck. This muscle is fre-
quently involved in horizontally predominant dystonic tremor.

Figure 8 Cervical muscles, cross sectional view at the level of C3/angle of mandible.
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Finally, deep behind the posterior triangle lies the group of muscles that flex
the head: the longus colli, longus capitis, and rectus capitis anterior (Figs. 5,6,12).
The longus colli has three parts, all of which essentially originate on the anterior sur-
face of the transverse processes or the anterior surface of the bodies of C3 through
T3 and insert on the anterior surfaces of higher cervical vertebrae or the anterior
arch of the atlas. The longus capitis originates on the transverse processes of C3
through C6 and inserts on the basilar part of the occipital bone. The rectus capitis
anterior joins the anterior surface of the atlas with the jugular process of the occipital
bone. It functions to flex the head and stabilize the atlanto-occipital joint. These
muscles can be approached with the injection needle by starting at the posterior bor-
der of the SCM (at approximately the C5 level—for longus colli) or actually through
the SCM (at C4 level—for longus capitis) and directing toward the anterior surface
of the vertebral body. Extreme caution must be taken as the needle will pass close to
the carotid artery and the internal jugular vein. Additionally, these muscles are very
close to the pharyngeal muscles and the risk of dysphagia is quite high.

Leaving the posterior triangle and following around laterally, lays the super-
ficial and relatively thin trapezius muscle (Figs. 4 and 12). The trapezius is the most
superficial muscle encountered in the majority of the back of the neck and is easy to
inject at a depth of about 1 cm, depending on the amount of subcutaneous tissue in
the individual. Because of its breadth, the trapezius will likely require several injec-
tion sites for adequate spread, although the fibers come together superior to C6
allowing for more efficient use of toxin. The superior portion of the trapezius is more
likely to cause cervical dystonic posturing. The trapezius serves to control the pos-
ition of the scapula and elevate the shoulder; it also can rotate the head and neck
to the contralateral side. Just below the level of the nuchal line, the greater occipital
nerve pierces the trapezius to run superficially up to the occipital region. Injections to
the trapezius greater than two fingerbreadths below the nuchal line should avoid hit-
ting this nerve. If the nerve is touched by the needle, the patient will experience a
Tinel sign radiating to the ipsilateral occipital region.

The layer of muscles deep to the trapezius, sometimes referred to as the second
layer, include the levator and the splenius capitis. The deep layer is collectively called
the erector spinae group, a largely vertically oriented group, and from lateral to
medial, includes the iliocostalis cervicis, the longissimi, the semispinali, and the spinali

Figure 9 Cervical muscles, deep layer, posterior view.
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muscles. The latter three pairs consist of both cervicis and capitis muscles, depending
on whether they insert onto the cervical spine or skull, respectively. All of these mus-
cles will serve to extend the neck and head (Figs. 5,6,8,10–13).

The iliocostalis muscle is lateral most of the erector spinae that originates at the
angles of the third through sixth ribs and inserts on the transverse process of C4
through C6. In addition to extension, this muscle serves to laterally flex the neck
to the same side.

The longissimus cervicis and capitis run together and are medial to the iliocos-
talis. They originate on the transverse processes from T1 to T4 and articular

Figure 10 Cervical muscles, cross sectional view at the level of C4/chin.
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processes of C5 to C7 and insert into the transverse processes of C2 to C6 (longissi-
mus cervicis) or the mastoid process (longissimus capitis). As with all muscles of the
erector spinae group, bilateral activity will produce extension of the neck and head.
Unilateral activity causes ipsilateral rotation and tilt and brings the face toward the
shoulder. The longissimus capitis can be injected by directing the needle parallel to
the spinous processes (perpendicular to the shoulder) about two fingerbreadths
below the lower palpable border of the skull, and about three fingerbreadths lateral
to midline. This will be aiming just medial to the mastoid process. The depth will be
about 2 cm (as always, depending on the ‘‘thickness’’ of the patient’s neck) or at least
enough to pass through the splenius capitis.

The semispinali muscles run longitudinally along the vertebral column, medial
to the longissimus. These muscles originate from the transverse processes of C4
through T6. The semispinalis cervicis inserts on the spinous processes of the axis
to C5, while the semispinalis capitis inserts on the occipital bone between the superior
and the inferior nuchal lines. These muscles are not only involved in retrocollis, as
would be predicted, but are also frequently involved in rotation (28). This rotation
is contralateral, turning the face to the opposite side. The semispinalis muscle can

Figure 11 Cranio-occipital junction, superficial and deep muscles.
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be found and injected two fingerbreadths lateral to the midline, passing through the
trapezius when injecting higher on the neck, approximately two fingerbreadths below
the occipital protuberance (posterior to the atlas—C2). Inferior to this point, the
needle will pass through trapezius and splenius capitis, at a depth of about 3 to
4 cm, again depending on the obesity and/or muscularity of the patient’s neck.
Because the overlying splenius capitis is an ipsilateral rotator, and the semispinalis
a contralateral rotator, EMG activity can help in determining the necessary depth
of the needle.

The spinali muscle is most medial of the group, running vertically and just
alongside the vertebral spinous processes. The spinali muscles originate on the spi-
nous processes and ligament flavum of T2 through the lower cervical levels and insert
on the axis through C4 (spinalis cervicis) and between the inferior and the superior
nuchal line of the occipital bone (spinalis capitis)—all very close to midline. These
muscles extend the neck and head, and may be injected by placing the needle deep
along the midline, just lateral to the cervical spinous processes.

Figure 12 Cervical muscles, cross sectional view at the level of C5/thyroid cartilage.
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The multifidus muscles are rarely treated with BoTN, but are a series of small
muscles, deep to the semispinalis, originating essentially from the transverse or articu-
lar processes and running diagonally along the spine to insert on the spinous processes
of superior vertebrae, two to four levels higher (Figs. 8,10,12). When active, the cer-
vical multifidi will cause ipsilateral tilt of the neck and rotate the neck contralaterally,
and due to the depth of these muscles, injection will require longer needles.

The suboccipital triangle is just inferior to the occipital protuberance and deep;
its muscles lie posterior to the atlas and axis (Figs. 5–7). Although small in size and,
when active, produce only short excursions, these muscles are in a strategic position
to cause notable discomfort to patients, both in deep pain and in loss of fine control
of head movements. Muscles in the region include the rectus capitis posterior major
and minor and the obliquus capitis superior and inferior. It should also be noted that
the vertebral artery crosses the lateral floor of the triangle, about two to three finger-
breadths from midline and deep to these muscles. The suboccipital nerve as well as

Figure 13 Cervical muscles, cross sectional view at the level of C7.
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the greater occipital nerve and the nerve of C3 pass here. The latter two nerves sup-
ply sensation to the posterior scalp and neck and if contacted can cause dysesthesias
to these regions. The nerve of C3 is more medial and passes over rectus capitis
posterior minor; the greater occipital nerve is lateral to that, passing over obliquus
capitis inferior and rectus capitis posterior major.

The rectus capitis posterior major and minor are the most medial and deep of the
group. The rectus capitis posterior major muscle originates on the spinous process of
the axis and inserts on the lateral part of the inferior nuchal line of the occipital
bone, and extends and ipsilaterally rotates the neck. It can be found about one fin-
gerbreadth below the palpable base of the skull (essentially behind the atlas) and two
fingerbreadths off midline. The rectus capitis posterior minor muscle extends the
head, and is medial to the major, about one fingerbreadth off the midline.

The obliquus capitis superior is found in the same axial plane as the rectus capi-
tis muscles (behind the atlas), but slightly more lateral. It originates on the transverse
process of the atlas and inserts on the occipital bone serving to extend and ipsilater-
ally rotate the head. The obliquus capitis inferior, another ipsilateral rotator of the
head, lies at the level of the axis; its origin is on the spinous process of the axis
and it inserts onto the transverse process of the atlas. These muscles may be reached
by starting approximately 45� between the spinous and the transverse processes (at
the level of the atlas for the superior or axis for the inferior) and advancing the nee-
dle toward the vertebral bodies until the appropriate electrical activity is found.

Limb Dystonias

Dystonia may involve both the upper and the lower limbs. Therapeutic BoTN injec-
tions have become a first-line treatment for the focal limb dystonias, with focal upper
limb dystonia being the much more common entity, frequently starting as a task-
specific or ‘‘occupational’’ cramp (43).

Because limb dystonias, especially of the hands, vary greatly from patient to
patient, almost any muscle or combination of muscles may be involved. This requires
careful examination and evaluation of the patient, often while performing the specific
activity, associated with the dystonic posture. Videotaping the patient both at rest and
with movements may allow the examiner systematic assessment of the dystonic
posture that often changes rapidly. Another useful technique is to observe the contral-
ateral hand for any ‘‘mirror’’ movements while the specific activity is performed or ask
the patient to attempt to perform the activity with the contralateral limb (44).

Adult-onset focal dystonia of the foot is rare entity (45). This most often
involves foot inversion and toe flexion, although as with other limb dystonias almost
any combination of muscles can be involved. When foot inversion is a significant
problem, injection into the posterior tibialis is frequently helpful; with a component
of ankle plantar flexion, injection into the medial gastrocnemius may be added.

Limb dystonias, however, provide a perfect situation where electrophysiologi-
cal guidance can make a significant difference. For example, the finger flexors, flexor
digitorum profundus, and flexor digitorum superficialus are the most commonly
injected muscles in task-specific arm dystonias (46). Within these muscles there are
fascicles to the individual fingers. Electrical stimulation is particularly helpful for
identifying individual fascicles within the finger flexors. Alternatively, EMG record-
ing with the patient attempting to isolate individual finger movements can also allow
localization of these fascicles. Accuracy is of utmost importance to minimize spread
to adjacent muscles that can limit satisfactory results (10).

Anatomic Principles for Botulinum Toxin Injection 339



CONCLUSION

Successful treatment with BoTN of the dystonic patient begins with careful obser-
vation of the dystonic posturing or activity. Coupled with a thorough knowledge
of the pertinent anatomy and the adjunctive use of electrophysiological techniques
when appropriate, focal treatment with BoTN injections has become the most satis-
factory treatment for most if not all focal dystonias.
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INTRODUCTION

Treatment with botulinum toxin has fast become the mainstay for the management
of focal dystonias. Its wide utility lies in the fact that, by harnessing the chemical
denervation properties of this toxin, one can functionally weaken the endpoint of
dystonia irrespective of its etiology. The goal of this chapter is to summarize the
molecular and cellular mechanisms of botulinum toxin, highlighting areas in need
of further investigation and practical treatment issues in need of optimization. Such
an understanding of the principles of botulinum toxin action is paramount to devel-
oping the next generation of therapeutic agents.

THE CLOSTRIDIAL NEUROTOXINS

The Clostridial bacteria are the source of a number of medically important toxins.
Of these, tetanus and botulinum toxins, produced by ‘‘Clostridium tetani’’ and
‘‘Clostridium botulinum,’’ respectively, are the two that produce major neurological
syndromes. Both types of toxins cause a blockade of neurotransmitter release presyn-
aptically. Minor differences in their cellular transport result in clinically distinct
syndromes (Fig. 1) (2). Botulinum poisoning characteristically produces a flaccid
paralysis due to blockade of acetylcholine release by the lower motor neuron at
the neuromuscular junction (NMJ). In contrast, tetanus intoxication causes a spastic
paralysis with profound, painful episodic spasms. These strikingly different presen-
tations are due to the retrograde transport of the tetanus toxin through the motor
neuron without activity, followed by release and uptake trans-synaptically by inhibi-
tory interneurons of the spinal cord.

There are seven distinct serotypes of botulinum toxin (A through G) and a
single tetanus toxin, each with slightly different activities. The Clostridial neurotox-
ins share a common protein structure mediating their activities (Fig. 2) (4). The
toxins are initially synthesized as a single polypeptide chain of approximately
150 kDa that is subsequently cleaved (‘‘nicked’’) to its active form yielding two
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polypeptide chains linked together by a disulfide bond. The ‘‘heavy chain’’ (HC) of
100 kDa has two functional domains carried by the amino (Hn domain) and carboxy
(Hc domain) terminal regions of the polypeptide, respectively. The Hc domain deter-
mines cellular uptake specificity by binding to extracellular receptors (Fig. 3). The
Hn domain mediates translocation through the lipid bilayer to the cytosol, once

Figure 1 Cellular trafficking of Clostridial neurotoxins. Botulinum toxins are endocytosed
and act locally at the neuromuscular junction to block neurotransmitter release by cleaving
SNARE proteins. Tetanus toxin is endocytosed by a distinct vesicular carrier and transported
retrogradely up the motor neuron axon. Ultimately, it is transcytosed at spinal cord inhibitory
interneuronal synapses and blocks neurotransmitter release in the presynaptic terminal.
Abbreviation: SNARE: soluble N-ethylmaleimide-sensitive fusion protein attachment receptor.
Source: From Ref. 12.
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the toxin has been endocytosed (Fig. 3). The ‘‘light chain’’ (LC) of 50 kDa is a zinc-
dependent endoprotease. The targets of the protease are a family of presynaptic pro-
teins called ‘‘soluble N-ethylmaleimide-sensitive fusion protein attachment receptor
(SNARE)’’ proteins that are critical for the exocytosis of synaptic vesicles (Fig. 3).

Figure 3 Intrasynaptic trafficking of Clostridial neurotoxins. H, heavy chain; L, light chain; T,
tetanus toxin, A, B, C, D, E, F, and G indicate botulinum toxin serotypes. Source: From Ref. 12.

Figure 2 Protein domain structure of the Clostridial neurotoxins. (A) Linear representation
of key features, Zn2þ indicates zinc coordination site of protease, S–S indicates disulfide bond.
(B) Secondary structure of botulinum toxin A. Source: (B) From Ref. 33.
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CELLULAR UPTAKE AND SPECIFICITY

To date, identification of a simple ligand–receptor interaction has eluded biochemists
attempting to identify the receptors for the Clostridial neurotoxins. Rather, it
appears that multiple components of the cell surface mediate a complex interaction
with the toxin resulting in its uptake via endocytosis (5). The current view is that
both proteinaceous and nonproteinaceous components participate. The nonpro-
teinaceous ‘‘coreceptors’’ appear to be polygangliosides, in particular the GQ1b,
GT1b, and Gd1b subtypes (6–9). A proteinaceous component is also required for
both tetanus and botulinum toxin binding. Botulinum toxins have been shown to
bind the synaptic vesicle proteins, Synaptotagmins I and II (8,10,11), while tetanus
toxin interacts with the Thy-1 protein (12,13).

At the NMJ, binding of botulinum toxin but not tetanus toxin may be related
to synaptic vesicle release and endocytosis (1,4). Tetanus toxin, however, appears to
be endocytosed into a distinct subcellular organelle, which is nonacidic and retro-
gradely transits through the motor neuron to ultimately be released and taken up
trans-synaptically by inhibitory interneurons. The identity of the retrograde trans-
port vesicle is uncertain, but may be the vesicle that also transports the p75/NGF
(nerve growth factor) complex (14). Similarly, little is known about the mechanism
of uptake of tetanus toxin by the inhibitory interneurons. It may be similar to that of
botulinum toxin uptake at the NMJ via synaptic vesicles. As comparison of the path-
ways of these two toxins indicates, the Hc domain can determine markedly different
cell uptake and transport patterns (Fig. 1). Identifying the receptors and ligand
domains that determine this specificity would be powerful for directing the delivery
of toxins to cell types of choice.

CYTOSOLIC TRANSLOCATION

Once the toxin is intracellular following endocytic uptake of the plasma membrane,
the toxin is still sequestered in a membranous organelle without access to the cyto-
plasm, where its targets reside. Translocation of the LC through the lipid bilayer into
the cytoplasm is mediated by the Hn domain (15). Upon acidification, the Hn domain
undergoes a conformational change that exposes a hydrophobic domain (4). The Hn
domain is then able to facilitate passage of the LC through the lipid bilayer, perhaps
in a manner analogous to the protein conducting channels of the endoplasmic reticu-
lum and mitochondria (16). Lastly, the disulfide bond between the H and L chains
must be cleaved in order to free the L chain into the cytosolic compartment.

PROTEOLYTIC CLEAVAGE OF NEURONAL SNAREs

Of all the steps in the intoxication by the Clostridial neurotoxins, the proteolytic
cleavage of its substrates is the best understood. The targets of the neurotoxin
proteases are the neuron-specific isoforms of a family of proteins called SNAREs
(Fig. 4). These proteins are required for intracellular vesicular membrane trafficking
and widely expressed in all cell types from yeast to humans (17). The neuronal
isoforms targeted by the Clostridial neurotoxins are critical for synaptic vesicle-
mediated release of neurotransmitter. Historically, it was known for many decades
through electrophysiological and electron microscopic studies that botulism and
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tetanus were caused by a presynaptic blockade of neurotransmitter release. How-
ever, the molecular targets for this blockade eluded identification until the early
1990s, when a functional role in neurotransmitter release was proposed for the pre-
synaptic proteins—vesicle associated membrane protein (VAMP)/Synaptobrevin,
Syntaxin, and SNAP-25 (18–20). Using antibodies specific to these proteins, investi-
gators were then able to evaluate Clostridial neurotoxin-intoxicated synapses and
find evidence for their cleavage (21).

SNARE proteins form an a-helical coiled-coil complex between SNARE
proteins residing on the vesicular and target membranes for fusion. Vesicular or
v-SNAREs involved in synaptic vesicle fusion are VAMPs (also known as Synapto-
brevins) 1 and 2. Target membrane or t-SNAREs residing on the nerve terminal
plasma membrane are Syntaxin 1 and SNAP-25. VAMP and Syntaxin each provide
two proteins, each one has domain participating one a-helical domain, whereas
SNAP-25 provides two, ultimately forming a coiled-coil bundle of four a-helices.
This complex is critical for neurotransmitter release and an abundance of evidence
indicates that this complex acts at the vesicle fusion step (22–26). However, contro-
versy exists over whether the complex might act at other steps in the synaptic vesicle
pathway. In particular, observations from botulism and tetanus intoxication contrib-
ute to these arguments because of the ability to partially rescue neurotransmission by
increasing extracellular calcium. Elegant experiments have recently shed light on this
controversy and indicate that both SNAP-25 and VAMP have properties that reduce
the calcium sensitivity of release (but not the stoichiometry) when cleaved by the
toxins (27). Cleavage of SNAP-25 alters the calcium sensitivity of neurotransmitter
release even when excess calcium is available intracellularly. Cleavage of VAMP,
however, appears to decrease release sensitivity only by impairing the availability
of calcium from extracellular, voltage-dependent sources, possibly by coordinating
the localization of calcium channels with the fusion apparatus (27–31).

Figure 4 Relative locations of proteolytic cleavage sites of SNARE proteins by Clostridial
neurotoxins. A, B, C1, D, E, F, and G indicate botulinum neurotoxin serotypes. Abbreviation:
TeNT, tetanus neurotoxin.
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The eight Clostridial neurotoxins all target components of the SNARE com-
plex, although with distinct cleavage sites (Fig. 4). Tetanus toxin and botulinum
toxins B, D, F, and G target VAMP/Synaptobrevin 1 and 2. Botulinum toxins A,
C1, and E target SNAP-25, again at differing sites (except for tetanus toxin and
botulinum toxin B that share a common cleavage site). Botulinum toxin C1 targets
Syntaxin 1 in addition to SNAP-25. Crystal structures for LC of botulinum toxin
serotype A bound to SNAP-25 and tetanus toxin and botulinum B toxin bound to
VAMP 2 have been solved, providing a great resource to make predictions about
structural determinants of substrate specificity (3,32–35). Although, a nine amino
acid motif SNARE secondary recognition, is common to cleavage sites (36–39),
structural studies indicate that much larger regions are required for specific inter-
action with the L chain protease (40). Conflicting studies using the toxins to poison
synapses have raised the issue of whether SNARE proteins in varying conforma-
tional states are equally accessible to the toxins. However, for the time course of
action of the proteases this is not much of a practical issue for dystonia treatment
because the SNARE proteins would be predicted to cycle through all of their confor-
mational states in a matter of minutes.

LONGEVITY OF PARALYTIC ACTIVITY

An area of immense clinical importance is the determinants for duration of toxin
effect. Data from animal and human studies indicate that the relative duration of
paralytic activity for botulinum serotypes is A > C1 > B > F > E (41–44). Many
factors could potentially influence this duration. These include (i) toxin protease
half-life, (ii) target SNARE protein turnover, (iii) SNARE cleavage product activity,
and (iv) synaptic remodeling time course. Knowing the relative contribution of each
of these factors and their underlying molecular basis will greatly facilitate the
rational design of toxins with prolonged activity.

Duration of protease activity in the nerve terminal appears to be a significant
determinant for longevity of clinical effect. Proteases with the longest activity in cul-
tured cerebellar neurons correlated with those serotypes having the longest paralytic
effect in mice, namely serotypes A, B, and C1 (43,45). Several factors that may under-
lie, a toxin’s duration of activity have been identified. Resistance to degradation by
cellular exoproteases may contribute to the stability of botulinum A toxin (46).
Subcellular localization may also contribute (47,48). Lastly, modification by host sig-
naling molecules such as tyrosine kinases can influence protease stability (49,50).

The rate of replacement of cleaved SNARE proteins with newly synthesized
protein can also contribute to the duration of clinical effect. In vitro studies in cer-
ebellar neurons revealed half-lives on the order of one to two days for VAMP and
SNAP-25 and six days for Syntaxin (43). SNARE protein turnover is likely to be rate
limiting in the case of botulinum E and F toxins, given the relatively short duration
of protease activity for these serotypes (43). In a similar fashion, the activity of the
cleavage products may also influence recovery of function. For example, the SNAP-
25 cleavage product of Botulinum A toxin is itself inhibitory to the vesicle fusion
reaction (51). In this instance, the rate of clearance of this cleavage product will also
contribute to duration of activity. Lastly, in the case of Botulinum C1 toxin, the
duration of effect may be combinatorial, reflecting contributions of both protease
half-life and the relatively slower turnover of Syntaxin as compared to the other
SNAREs.
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A final potential determinant of paralysis duration is the time course for the
recovery of functional synapses. The properties of the NMJ in response to denerva-
tion have been well characterized. Two important features are that the postsynaptic
acetylcholine receptors quickly disperse upon loss of presynaptic neurotransmitter
release and that despite the dispersal of postsynaptic receptors, key markers of the
original NMJ persist (such as agrin), allowing the synapse to reform at its original
site should neurotransmitter release be restored (52). In the case of synaptic remodel-
ing following chemical denervation by botulinum toxin, the most informative study
to date has used time lapse imaging in combination with styryl dyes that indicate
actively cycling synaptic vesicles (53). Two important findings were that (i) upon
denervation, collateral axonal sprouts formed nascent synapses that initially restored
activity to the NMJ and (ii) ultimately neurotransmitter release was recovered at the
original NMJ site and was followed by retraction of the newly formed collateral
synapses. At least at the gross light microscopic level, these findings showed that
the original NMJ architecture was restored to baseline. However, as discussed
in the following section, whether the NMJ is functionally identical in physiologic
criteria and to what extent the cycle of denervation/reinnervation can repeat with
perfect restorative fidelity is presently uncertain.

MECHANISMS OF RESISTANCE

At least for the most commonly used serotype, it is clear that over time many
patients may require more toxin for a similar clinical effect and some may become
resistant altogether to its effect. Resistance due to the presence of circulating, anti-
toxin antibodies has been demonstrated and is currently believed to be the dominant
mechanism for resistance. Secondly, it is widely held that mitigation of humoral
resistance can be achieved by decreasing toxin doses and frequency. While both of
these observations may be true in certain cases, for the purposes of discussion,
additional theoretical possibilities will be presented for consideration.

The likelihood of developing function-blocking antibodies is likely to be multi-
factorial and includes genetic host factors (54). Besides the absolute quantity of
protein delivered, toxin immunogenicity may also be influenced by whether a given
toxin possesses highly antigenic epitopes. The issue of antigenicity is an important
one because custom toxins can be designed with minimally antigenic epitopes if a
solid understanding of the dominant antigenic epitopes is gained. Current work in
both human and animal models will be critical for the design of both minimally anti-
genic toxins and vaccines (55–57). There is also evidence that besides the Botulinum
A neurotoxin protein, associated neurotoxin complex proteins (in particular, hemag-
glutinin-33) may be significant contributors to the immunogenic response (58,59). In
light of this, developing commercial preparations with as few associated neurotoxin
complex proteins may be one mechanism to decrease function-blocking antibody
responses (60).

Besides function-blocking antibodies, there may be other as yet unidentified
mechanisms for toxin resistance. For example, while there is evidence that resto-
ration of the original, denervated NMJ and retraction of collateral synapses occur
in response to a single intoxication, it is not known whether over repeated toxin
exposures the physiological fidelity of the motor unit is perfectly preserved (61).
One can imagine that if collateral synapses were not completely retracted, over time
an increase in synapse number and density could contribute to toxin resistance.
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Secondly, the remodeling process itself may activate host signaling factors that influ-
ence toxin stability or upregulate the synthesis of ‘‘resistant SNAREs,’’ perhaps via
alternative mRNA splicing.

DESIGNING THE NEXT GENERATION OF TOXINS

Harnessing the activity of the normally harmful Clostridial neurotoxins to be useful
for the treatment of clinical disorders has had enormous significance for the man-
agement of dystonia. The resultant stimulation of interest and research into the
mechanisms of the Clostridial neurotoxins has also yielded important insights to
normal synaptic function as well as disease pathogenesis and vaccine production.
While great strides in our understanding of the molecular basis of botulinum toxin
activity have been made, the potential for many exciting developments in the future
still exists.

Rational manipulation of each step in the pathway of Clostridial neurotoxins
can result in improved therapeutic applications (Fig. 5). Obviating the need for toxin
injection by creating transdermal applications would greatly simplify the lives of
many patients, potentially reduce costs, and increase the application of this therapy
to a wider patient population (Fig. 5) (62,63). Manipulating the receptor-binding
properties of the toxin would allow both targeting different ‘‘cargo’’ to the lower

Figure 5 Future directions in Clostridial neurotoxin research. (1) Creating transdermal
application technologies, (2) customizing protein delivery to NMJ or IN by manipulating
Hc domain/surface receptor interactions, (3) improving toxin stability in the presynaptic ter-
minal, (4) modifying target SNARE cleavage sites, (5) understanding long-term consequences
of repeated denervation/reinnervation cycles, and (6) overcoming issues of toxin resistance.
Abbreviations: NMJ, neuromuscular junction, IN, inhibitory interneuron, LMN, lower motor
neuron.
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motor neuron and directing cargo to different cell types (Fig. 5). Chimeric protein
complexes with the L and Hn domains of botulinum toxin have been used effectively
for this purpose (64,65). Harnessing the retrograde, trans-synaptic transport prop-
erties of the tetanus toxin Hc domain could facilitate delivery of a wide range of
molecules to the central nervous system via peripheral NMJ access. Such an appli-
cation could be especially powerful for delivering modulators of inflammation and
regeneration. Through a more detailed understanding of the factors resulting in pro-
longed toxin stability and activity at the synapse, targeted modifications of other
toxin serotypes could increase the number of toxins useful in clinical practice (Fig. 5).
In special circumstances, the expression of toxin-resistant SNAREs could be useful
in limiting the duration or extent of toxin effect (Fig. 5) (45,66). Strategies targeted at
SNARE cleavage site specificity of the L chain could potentially lengthen the dura-
tion of Botulinum A toxin activity by selecting for a target SNARE with the lowest
turnover and avoiding active cleavage products. The routine application of botuli-
num toxin therapeutically is still a relatively recent development. It would thus be
prudent to continue to investigate the long-term sequelae of such treatment, espe-
cially in regards to the process of continued cycles of denervation and reinnervation
(Fig. 5). Additionally, such studies are likely to yield insights useful for regenerative
therapies in a wide range of neurological diseases. Finally, the issue of toxin resis-
tance is an important clinical limitation (Fig. 5). It is imperative to understand
whether the development of function-blocking antibodies is the complete explana-
tion for resistance, and, if so, to develop effective strategies to overcome this obstacle.

CONCLUSION

In summary, the Clostridial neurotoxins represent a family of proteases that have
targeted discrete components of the synaptic vesicle release machinery. As such, they
provide therapeutic opportunities wherever long-lasting inhibition of neurotransmit-
ter release is desirable. Dystonia management is an important illustration of the
power of this approach. The treatment of this etiologically heterogeneous condition
has benefited greatly by botulinum toxins because the toxins target the final common
output, muscle contraction. Yet, as is often the case, with success comes the realiza-
tion of limitations as well as opportunities for even greater achievements. In this
chapter, a summary of our current understanding of toxin mechanisms and thera-
peutic issues has been presented, highlighting areas of uncertainty and in need of
improvement. Through careful studies of the mechanisms of the Clostridial neuro-
toxins, significant advances in the field are likely to be realized in the decade ahead.
Such advances may improve not only the lives of our patients with dystonia but also
those with other neurological conditions as well.
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INTRODUCTION

In the 1820s, a German physician, Justinus Kerner, reported his clinical experience
with 230 patients who developed weakness, gastrointestinal disturbances, dry eyes,
and dry skin associated with the ingestion of contaminated meat. This condition,
termed by Kerner as ‘‘sausage poison,’’ was later named ‘‘botulism,’’ from the Latin
term botulus or sausage (1). A century later, Edward Schantz first cultured Clostrid-
ium botulinum and isolated the toxin. In 1973, Alan Scott first used botulinum toxin
type A (BoTN-A) in monkey experiments, and in 1980 he was able to first test this
drug in humans (2). This work led to therapeutic trials in dystonia by a number of
investigators, culminating with U.S. approval of Oculinum1/Botox1 for the treat-
ment of strabismus, blepharospasm, and hemifacial spasm in December 1989. An
indication for approval for treatment of cervical dystonia (CD) was given in 2000.
Dysport1, another BoTN-A, developed in Europe received approvals outside the
United States in a similar time frame. MyoblocTM, a BoTN-B therapy, was approved
in the United States for the treatment of CD in 2000; this agent is also approved for
usage in Europe under the trade name Neurobloc1 (Table 1) (3).

While the greatest factors for successful treatment of a dystonic muscle concern
identifying the affected muscles, and appropriate intramuscular dosage injection,
determining a BoTN dosage does play a role (4). This chapter will outline toxin selec-
tion strategies and compare the relative potencies and regulatory data of these agents
in the treatment of dystonia.

BOTULINUM TOXIN A

There are three types of BoTN-A: Botox, Dysport, and NT 301 (Xeomin1; available
only in Germany). Given the differences in potencies for Dysport and Botox, it is
important to clarify the toxin by the manufacturer when considering dosing issues.
Each toxin is produced by the Gram-negative anaerobic bacterium C. botulinum
and harvested from a culture medium, after fermentation of a toxin-producing
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Table 1 Dysport1 and Botox1 Indications Approved by Regulatory Agencies

Dysport Botox

Blepharospasma Argentina, Australia, Brazil,
Denmark, France, Germany,
Greece, Ireland, Italy,
Mexico, Netherlands,
New Zealand, Spain,
United Kingdom

Argentina, Australia, Brazil,
Denmark, Finland, France,
Germany, Greece, Iceland,
Ireland, Italy, Mexico, Netherlands,
New Zealand, Norway, Spain,
Sweden, United Kingdom,
United States

Hemifacial spasm Argentina, Australia, Brazil,
France, Germany, Ireland,
Italy, Netherlands, Spain,
United Kingdom

Argentina, Denmark, Finland,
France, Germany, Greece,
Iceland, Ireland, Italy, Mexico,
Netherlands, Norway, Spain,
Sweden, United Kingdom,
United States

Torticollis/cervical
dystonia (CD)a

Argentina, Australia, Brazil,
Denmark, Finland, France,
Germany, Greece, Iceland,
Ireland, Italy, Mexico,
Netherlands, New Zealand,
Norway, Spain,
Sweden, United Kingdom

Argentina, Australia, Brazil,
Canada, Denmark, Finland,
France, Germany, Greece,
Iceland, Ireland, Italy, Mexico,
Netherlands, New Zealand,
Norway, Spain,
Sweden, United Kingdom,
United States

Spasticity Argentina, Australia, Brazil,
France, Greece, Iceland,
Ireland, Italy, Mexico,
New Zealand, Norway,
Spain, Sweden

Argentina, Australia, Brazil,
Canada, Denmark, Finland,
France, Germany, Greece,
Iceland, Ireland, Italy, Mexico,
Netherlands, New Zealand,
Norway, Spain,
Sweden, United Kingdom,
United States

Hyperhydrosis Argentina, Brazil,
Denmark, Iceland,
New Zealand, Norway

Argentina, Australia, Brazil,
Canada, Denmark, Finland,
France, Germany, Greece,
Iceland, Ireland, Italy, Mexico,
Netherlands, New Zealand,
Norway, Spain,
Sweden, United Kingdom,
United States

Cerebral palsy
(pediatric)

Argentina, Australia, Brazil,
Finland, France, Greece,
Iceland, Ireland, Italy,
Mexico, New Zealand,
Norway, Spain,
Sweden, United Kingdom

Argentina, Australia, Brazil,
Canada, Denmark, Finland,
France, Germany, Greece,
Iceland, Ireland, Italy, Mexico,
Netherlands, New Zealand,
Norway, Spain,
Sweden, United Kingdom,
United States

aMyobloc1/Neurobloc1 is approved for treating CD in Austria, Canada, France, Germany, Ireland,

Italy, Portugal, Spain, United Kingdom, and United States. Xeomin1 is approved for use in blepharo-

spasm and CD in Germany.
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strain. The toxin is then extracted, precipitated, purified, and finally crystallized with
ammonium sulfate. Because of different purification processes, packaged toxins
differ with respect to size of the active molecule and additional, nonactive protein
subcomponents. Botox (900 kD) and Xeomin (150 kD) differ with respect to toxin
complex size, but not in amounts of accompanying protein subcomponents (5).
The active toxin components in Dysport are measured at 500 kD, and the nonactive
proteins appear to be higher (6).

The potency of BoTN is expressed as mouse units (U), with 1 U equivalent to
the median lethal dose (LD 50) for mice. Botox and Xeomin are packaged in 100 U
vials, while a vial of Dysport contains 500 U (5,6). The relative potencies of Botox
units to Dysport units is approximately 1:4, but this may differ with patient and
clinical setting. Botox and Xeomin appear to be of similar potencies in early com-
parator trials, but Xeomin has not been directly compared to Dysport (7–9). Botu-
linum toxin type A (BoTN-A) should be diluted with preservative-free saline and the
preparation used within four hours of reconstitution. Conditions for stability of the
toxin in solution include pH 4.2 to 6.8 and temperature less than 20�C (5,6). Most
physicians dilute these products with 1 to 4 mL of saline, depending on the amount
of toxin diffusion desired from an injection session.

Botox1

Botox has been available in the United States for treating blepharospasm and cranial
nerve VII disorder (hemifacial spasm) since 1990. Other neurological conditions
include spasmodic torticollis (CD), limb dystonia, oromandibular dystonia, laryn-
geal dystonia, and limb spasticity (Table 1). This agent has also been shown to be
effective in patients with tremor (10,11), headache (12,13), stuttering (14), sialorrhea
(15), hyperhydrosis (16,17), pain (18), facial wrinkles (19), gastrointestinal
dysmotility disorders (20,21), and bladder detruser hyperactivity (22). Subjects with
dystonia receive amounts ranging from 1 to 400 U in a single injection session. Small
muscles such as the vocal cords may receive as little as 0.75 U, whereas larger neck
muscles may require 100 to 150 U and lower limb muscles may require 200 to 300 U
to exert a desirable effect. In an early placebo-controlled study of BoTN-A in CD, 55
subjects were randomized to placebo or Botox therapy (23). The subjects receiving
active drug demonstrated statistically significant improvement in the severity of
torticollis, disability, pain, and degree of head turning. There were no serious side
effects. Long-term treatment data using Botox suggest that this agent remains effec-
tive for many years. A multicenter, retrospective analysis of 172 subjects treated for a
total of 1059 treatments over two years found toxin dosages remaining fairly stable
and ranging from 241.80 to 254.07 units with a slight increase in dosing interval
from 108.48 to 114.14 days (24). A single-center retrospective review of 2616 injections
in 235 patients reported continued benefit in most patients for more than five years (25).
Subjects with blepharospasm reported a 90% benefit, while hemifacial spasm (88%),
CD (63%), jaw opening dystonia (100%), lower limb dystonia (100%), and writer’s
cramp (56%) also improved. Of the 28% of patients who discontinued, 9.1% had an
insufficient initial response, 7.5% developed secondary resistance, and 1.3% reported
unacceptable adverse events. Adverse events were most common in blepharospasm
(22 of 36 patients), followed by hemifacial spasm (21 of 70 patients) and CD (17 of 106).

After injection of BoTN-A, a clinical response is usually seen within 24 to 72
hours, and maximal effect occurs after about 14 days; benefit may last for three to
six months (5). In 1997, the U.S. agency approved a new bulk toxin source, with a
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substantial improvement in toxin purity. This BoTN-A preparation has a lower neu-
rotoxin complex protein load than the original BoTN-A preparation and may reduce
antigenic potential. In a double-blind CD trial comparing these two preparations,
133 subjects were treated with original and current bulk toxin sources using a cross-
over design (26). There were no differences in the preparations regarding efficacy or
adverse events (Table 2).

Dysport1

Dysport has its origin and greatest usage in Europe but is also approved in countries
in Asia, South America, and Canada. This toxin has been approved for the treat-
ment of abnormal gait in ambulatory pediatric patients with cerebral palsy and adult
spasmodic torticollis, blepharospasm, hemifacial spasm, and in some countries,
cosmetic treatment (6) (Table 1) (27,28). This toxin is also used for treating symp-
toms of spasmodic dysphonia (29), hyperhydrosis (17), headache (30), tremor (31),
and sialorrhea (32,33). Injections in monkeys are associated with an onset of
response with a delay from two to three days, with maximum effects appearing at
day 5 to 6 after the injection. The action duration, measured as a change in the eye
alignment, and the muscle paralysis varied from two weeks to eight months (6). Dys-
port is also stored between 2�C and 8�C and should be used within eight hours after
dilution.

Like Botox, injection dosages with Dysport are altered according to muscle size
and other considerations (Table 3). Smaller muscles of the face require less toxin

Table 3 Dosing Considerations

Increase dosage Decrease dosage

Large body size (> 80 kg) Small stature
Large muscle mass Small muscle mass
Male gender Female gender
Distant from risk of dysphagia Injecting SCM, digastric, hypoglossus

Less that 14 yr in age
Severe symptoms Lower facial target

Nerve injury or denervation surgery
Muscle injury (obicularis oculi myectomy)
Anticipate long duration of therapy
Injecting multiple sites (neck and limb)

Table 2 Dosing Range

Indication

Dosage (U)

Botox1 Dysport1 Xeomin1 Myobloc1

Blepharospasm 15–50 100–120 35 1,000–2,500
Hemifacial spasm 15–50 100–120 – 750–1,000
Cervical dystonia 40–360 50–1,000 70–300 2,500–10,000
Spasmodic dysphonia 0.5–10 2–40 – 50–150
Limb dystonia 40–300 100–500 – 2,000–10,000
Spasticity 50–540 500–1,500 – 2,000–10,000
Cerebral palsy 50–200 200–600 – 2,000–10,000
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than limb or cervical muscles. In a retrospective assessment of patients with hemifa-
cial spasm, a dose range from 28 to 220 U with a mean dosage of 92� 29.4 U was
reported (25). The average duration of benefit from 855 treatments was 3.4 months.
The most common side effect was ptosis (22.1%). A number of studies have exam-
ined dosage response in the treatment of CD (34–37). An early dose-ranging study
of 75 de novo subjects, randomly assigned to receive placebo or doses of 250, 500,
and 1000 U Dysport, demonstrated that significant decreases in the modified Tsui
score were at week 4 for the 500 and 1000 unit groups versus placebo (p < 0.05) (34).
The time to benefit was eight days for all actively treated groups, with the 500 and
1000 U group demonstrating benefit at both four and eight weeks. Despite the
improved efficacy at 1000 U, these authors suggest an initial starting dose of 500 U
Dysport to avoid the significant increase in neck muscle weakness and voice changes
seen at the higher dosage. In an earlier placebo-controlled study of 68 patients, Wis-
sel et al. found that the subjects receiving 500 U demonstrated significant differences
in terms of responder rate, pain, and head posture, when compared to placebo at
four and eight weeks after the procedure (35). The results of a pivotal trial in the Uni-
ted States show similar benefit when 80 subjects were randomized to Dysport 500 U
or placebo. In this 20-week trial, statistically significant benefit was seen at 4, 8, and
12 weeks, with similar incidence of adverse events (36). In a long-term analysis of 616
patients, 303 patients with CD demonstrated sustained benefit (37). The most com-
mon adverse event was dysphagia, occurring on average 9.7 days after injection and
averaging 3.5 weeks. Secondary loss of response was seen in approximately 5% of
patients with neutralizing serum antibodies in 2% (Table 2).

BOTULINUM TOXIN B

In 2000, a botulinum toxin type B (BoTN-B) product (MyoblocTM) was approved by
the FDA in the United States for the treatment of CD (38) and, similar to BoTN-A,
it is also used to treat blepharospasm, oromandibular dystonia, hemifacial spasm,
tremor, tics (39), limb dystonia, spasticity (40), spasmodic dysphonia (41), sialorrhea
(42), hyperhydrosis (43), facial lines (44,45), anal fissure (46), and bladder difficulties
(47). This product also received marketing authorization from the European Union
Committee for Proprietary Medicinal Products as Neurobloc. Myobloc Injectable
Solution is a sterile liquid formulation of a purified neurotoxin, produced by fermen-
tation of the bacterium C. botulinum type B, and is a clear, colorless, sterile solution
in single-use vials containing 2500 U, 5000 U, or 10,000 U. The diluent also contains
0.05% human albumin, 0.01 M sodium succinate, and 0.1 M sodium chloride at
approximately pH 5.6 and does not require reconstitution prior to injection (38).

Like BoTN-A, dosing should vary with muscle size and potential for side
effects. Although no controlled trial data for blepharospasm or hemifacial spasm
are available, Adler et al. have reported the effects of BoTN-B in the treatment of
adductor spasmodic dysphonia in a single-site, open-label, dose-finding study in 13
patients (41). At the eight-week assessment, no benefit was seen in 3 subjects receiv-
ing 50 U, 1 of 3 patients receiving 100 U, and 8 of 10 patients receiving 200 U.
Breathiness was the most common side effect.

An initial dose-ranging study in CD randomized 122 subjects to receive intramus-
cular injections of either BoTN-B (2500, 5000, or 10,000 U) or placebo (48). Concurrent
trials comparing placebo to 5000 U or 10,000 U, or placebo to 10,000 U demonstrated
significant benefit at week 4, which continued for both active treatment arms through
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the 12-week assessment period (49,50). Dry mouth and dysphagia were reported more
frequently in the treated groups (51). A long-term efficacy and safety study of BoTN-B
in the CD population, examining 10 repeated dosing sessions in 34 patients receiving
doses from 10,000 to 25,000 U, demonstrated continued benefit in all subjects. Interest-
ingly, the magnitude of response and dry mouth frequency decreased with each session,
while flu-like symptoms and weakness increased (Table 2) (52).

TOXIN DOSAGE SELECTION

When considering injection of facial muscles, dosage effects to these small muscles
are more likely to produce targeted muscle weakness beyond a therapeutic intent,
and added caution should be used (53). Weakness from injections of cervical and
limb musculature is more likely to result from poorly targeted sites or from injection
of unaffected muscles. However, diffusion also occurs, and in the neck, most seri-
ously, will produce dysphagia or dysarthria. In rare, and serious, instances, a feeding
tube may be required. Dysphagia has been reported more commonly with BoTN-B
and may be a result of both weakness and decreased saliva production.

Prior to toxin injection, particularly at the initial procedure, it is important
to provide the patient with expectations of the procedure, including the typical time
of onset, time to peak effect, and duration of benefit. In some instances, a simple
drawing of a dose–response curve is helpful to illustrate the desired response versus
under- or overtreated response (Fig. 1). This approach allows a patient some under-
standing of the importance of dosage, and may allow for better dosage communication
in future sessions.

Although each toxin should be dosed independently of other toxin response,
there are some common features influencing dosage selection (Table 3). In general,

Figure 1 Curve A: Dose too low. A delay in benefit for two weeks with less than two weeks
benefit. Consider a 30% increase at the next scheduled injection session. Note: Injections prior
to the scheduled three months increases the risk of the development of antibodies. Curve B:
Ideal response. A kick-in at one week with a three-month benefit. No change in future dosing.
Curve C: Dose too high. The patient would report a brisk response within one week, with
weakness for three months, and response for more than four months. Consider at least 30%
decrease after recovery from the prior treatment.
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it is always better to initiate toxin therapy with a conservative dosing choice and
increase the dosage to maximal benefit. Recording a time of onset, time to peak
benefit (or best response), and duration of benefit is useful in determining whether
a dose may be increased. In addition, a report of side effects, with both day of onset
and duration of the symptom, will assist in determining the amount of decrease at
the next dosage (Fig. 1). A typical, and desired response from any injection session
would be an initial response within five to seven days (BoTN-A) or two to three days
(BoTN-B), and a duration of benefit beyond 10 weeks. Increasing the dosage 10% to
20% may produce a benefit of two to four weeks’ duration but may also produce
adverse events. A 30% increase in dosage may be necessary if a duration of benefit
is less than four weeks. Patients reporting weakness as an adverse event usually
require dosage reduction. In patients reporting a complication beyond four weeks,
a dosage reduction of at least 30% is recommended (Table 4).

SIDE EFFECTS AND SAFETY

The most common side effect of BoTN injection is directly related to its action, mus-
cle weakness. Given the intended action of the agent is to weaken a targeted muscle,
clearly a dosage beyond the therapeutic range of benefit will produce weakness. In
addition, diffusion of toxin to adjacent muscles will also lead to weakness, as well
as injection of an unintended or, simply, wrongly identified muscle will produce
this side effect. Patients with excessive weakness from amytrophic lateral sclerosis,
neuromuscular junction disorders, or severe myopathy should not be treated with
intramuscular BoTN. In addition, individuals being treated with aminoglycoside
antibiotics, because of the effect on neuromuscular transmission, should not receive
toxin injections (53).

Table 4 Dosing Algorithm

Initial injection
Choose low end of dosing range for toxin and indication

Increase based on size of the patient and the muscle to be injected
Use increased caution: anterior neck > periorbitally > lower face > limb

Follow-up injection dosage
determination

Increase Decrease

Time to response
> 2 wk Mild
> 4 wk Moderate

Duration of response
< 8 wk Mild
< 4 wk Moderate

Side effect duration
Weakness
< 1 wk Mild
> 2 wk Moderate

Mild dysphagia
< 1 wk Mild
> 1 wk Moderate

No benefit
Consider technique, muscle selection. If prior response to injections, consider neutralizing
antibodies
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Other side effects from toxin injections are similar to any procedure associated
with needle puncture. These include pain, bleeding, soreness, or bruising (50). While
anticoagulant therapy is not an absolute contraindication to therapeutic injections,
added caution should be used. Patients treated with aspirin may be able to hold this
agent for two days prior to the procedure—especially if undergoing treatment for
blepharospasm. Care should be taken during the injection procedure to avoid needle
insertion in an area of increased vascularity, edema, or inflammation. Changing to a
30-gauge needle, after drawing up the solution, and using care from the point of nee-
dle insertion to removal may reduce these unintended complications.

Some patients with CD may report pain beginning several days after the pro-
cedure; this may result from inflammation at the infusion site or, perhaps, from
weakness or postural change associated with decreased muscle tone. This pain usu-
ally will respond to several days of treatment with anti-inflammatory medications.

Because BoTN is rapidly internalized at the neuromuscular junction, systemic
side effects from toxin injections are exceedingly rare. Single fiber EMG has demon-
strated subtle neuromuscular transmission alterations at sites remote from targeted
muscles, but these are not clinically significant (54). BoTN-B, particularly at higher
dosages, may have an increased capacity to influence autonomic cholinergic synapses
and may produce more noticeable symptoms of dry mouth, blurred vision, and GI
symptoms such as heartburn or constipation (55). Racette et al. have reported a
subject who developed ptosis and blurred vision after treatment with BoTN-B for
CD (56). While intramuscular injection of BoTN is not likely to produce remote side
effects, unintended toxin infusion to local blood vessels or nerves would potentially
produce harmful results. In addition, patients with hypersensitivity to any of the
ingredients in a toxin vial should not receive these products (57). The fetal risk of
BoTN in pregnancy is unknown, but successful and safe treatment with Botox has
been reported (58). Long-term safety data with Botox, Dysport, and Myobloc are
extensive, and more specific information may be found in the package inserts for
each product (5,6,38).

ANTIBODY FORMATION

The development of resistance to BoTN therapy is an area of concern when treating
patients with these biological agents. In general, limiting treatment sessions to no
more often than every three months and not exceeding dosage recommendations
for each session will reduce the risk of treatment failure from antibodies to these
agents. It is important to emphasize that not all treatment failures are from neutraliz-
ing antibody formation, and prior to serious consideration of this rare development,
an injector should review other causes of treatment failure. Most often, these issues
relate to the effective dosing of the intended muscles, either from selected dosage
amounts or from the toxin not reaching the affected muscle (59). A retrospective
analysis of 90 CD patients, 10 years beyond the initial BoTN-A treatment, found
that 57 (63%) remained on toxin therapy, with loss of response in only three subjects
(Table 4).

While neutralizing antibodies are rarely reported with all of the botulinum tox-
ins, some suggest that antibodies may be a function of accompanying protein in each
vial (53). Jankovic et al. have carefully compared the differences between the original
and second-generation formulations of Botox (60). In this retrospective analysis, the
authors found neutralizing antibodies in 4 of 42 (9.5%) subjects exposed only to
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the original Botox and none in the 119 subjects treated only with the current Botox
( p < 0.004). These authors emphasized that the differences seen in the rate of anti-
body formation reflected the 25 ng protein in each of the original preparation as
opposed to 5 ng of protein in the current formulation (61). This same group has
analyzed longitudinal follow-up data on 45 patients receiving Botox treatments
continuously for at least 12 years (62). While the duration and response to treatment
did not change in this group, the dose per visit did significantly increase. In addition,
20 adverse events occurred in 16 of 45 (35.6%) patients after their initial visit and 11
adverse events in 10 of 45 (22.2%) patients at their most recent injection visit. Anti-
body testing was carried out in 22 patients due to nonresponsiveness, and antibodies
were confirmed in 4 of 22 (18%) patients. Of the nonantibody subjects, 16 resumed
responsiveness after dose adjustments, and 2 persisted as nonrespondents. Although
none of the subjects followed in this clinic developed resistance to the new toxin
preparation, one subject has been reported in another center (63). Rollnik et al.
compared 6 antibody-positive with 12 antibody-negative CD patients treated with
BoTN-A (Dysport) and found significant differences in cumulative dose (5984�
3151 U for nonresponders vs. 3143� 1294 U for responders; p < 0.05) and age
(mean age¼ 41.3� 5.9 years for nonresponders vs. 56.8� 15.3 years for responders;
p < 0.05) (64). Longitudinal experience with Myobloc is less than with these other
products, but two patients have been reported to develop antibodies to this agent
after an initial injection. These patients received 14,400 and 7200 U, but each had
been treated with BoTN-A earlier (65).

COMPARISON TRIALS

Botox1 Vs. Dysport1

A number of trials have compared the efficacies of Botox versus Dysport. While
these trials serve to underscore the difficulties with conversion from one to another
using a simple (Botox:Dysport or B:D) 1:3 or 1:4 U ratio, reports suggesting a 1:2
conversion factor seem to be somewhat low. In normal mouse gastrocnemius muscle,
Wohlfarth et al. have reported a potency ratio of roughly 1:3 (66). Studies comparing
these BoTN-A products in small muscles include conditions such as anal fissure
(B:D¼ 1:3) (21), esophageal achalasia (1:2.5) (20), glabellar lines (1:2.5) (67), hemi-
facial spasm or blepharospasm (1:4) (68), and blepharospasm (1:4) (69,70). An early
comparison of Dysport and Botox, using a 4:1 ratio, in the treatment of blepharo-
spasm demonstrated statistically similar duration of response with but a difference in
adverse event for Botox (17.0%) and Dysport (24.1%) subjects (p < 0.05) (68).
In addition, a retrospective analysis of six European sites’ published experience with
blepharospasm (n¼ 45) and CD (69) patients receiving at least one treatment
with each product found a dosing comparison ranging from 1:2 to 1:11. However,
all but 13 of the subjects fell into ratios ranging from 1:3 to 1:6, and only 21% below
the ratio of 1:4 (70). The mean conversion ratios for all five sites ranged from 1:3.60
to 1:4.88 B:D for both indications.

An early CD trial compared 73 patients randomized to Botox (n¼ 35) or
Dysport (37) in approximately a 1:3 ratio (71). The Dysport group received a mean
dose of 477 U (range 240–720), and the Botox group received a mean 152 U (range
70–240). Both groups showed substantial and statistically similar improvement
with respect to change in Tsui scale with a peak effect at week 4. The duration
of benefit was also similar and beyond 80 days for both groups. During the study,
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58% of Dysport patients and 69% Botox patients reported adverse events. A later
trial compared Botox to Dysport in both 1:3 and 1:4 ratios (72). There were no dif-
ferences between these groups regarding the primary outcome variable, change in
Tsui scale at four weeks. Secondary outcome comparisons suggest greater improve-
ment in pain and duration of response with Dysport, while the frequency of
adverse events was also higher with this agent. The most frequent adverse event
was dysphagia, found in 3%, 15.6%, and 17.3% (Botox, Dysport 1:3 and 1:4,
respectively) of the patients. The mean duration of action was 25 days longer for
Dysport 1:4 than for Botox (p¼ 0.02). Published correspondence by Dresser
emphasizes the uniqueness of each of these toxins: the potential for greater dif-
fusion of Dysport as possible explanation for the increase in side effects and the
491-day duration of benefit range in the 1:4 group as a confounding factor for
the increase in duration of benefit (73). The author response emphasized that this
investigation was not designed to compare duration of action between the three
preparations and agreed with the suggestion that diffusion rates may explain the
differences between adverse events (Table 5) (74).

Botox1 Vs. Xeomin1 (NT 201)

While extensive data regarding NT 201 are lacking, the initial studies with this agent
suggest a 1:1 ratio with Botox. In normal human volunteers, 4 U of either product
produced similar decline in the compound muscle action potential with maximum
effect at 7 to 14 days and a continued 40% decline at 90 days postinjection (75).
A comparison study in subjects with blepharospasm in 256 completers (304 enrolled)
produced similar magnitude of benefit in all outcome measures with equivalent
dosages of toxin (76). There were no significant differences in adverse events. In
addition, a comparator trial in 463 CD subjects yielded similar (70–300 U) benefit
and adverse events (Table 5) (77).

Botox1 Vs. Myobloc1/Neurobloc1

Sloop et al. have provided elegant data concerning dose–response curve for Botox
and Myobloc (78). In this human muscle model, 10 healthy volunteers received a
randomized dosage of either toxin to the Extensor Digitorum Brevis muscle.
A 57-week follow-up demonstrated maximal paralysis two weeks postinjection with
320 to 480 U of BoTN-B was 50 to 75%, and 70 to 80% with 7.5 to 10 U of BoTN-A.
BoTN-B–induced paralysis had improved by 66% with complete improvement by
11 weeks postinjection, and BoTN-A–induced paralysis had improved by 6% at
7 weeks, and by 22% at 57 weeks. Small muscle comparison trials for Botox:Myo-
bloc1 have been completed within cosmetic indications. Matarasso reports more
rapid onset, but shorter duration of action, for the BoTN-B site in ten women ran-
domly assigned to have 15 U BoTN-A injected into one set of lateral canthal rhytides
and 750 U BoTN-B into the opposite side, using a 1:50 ratio (79). Lowe et al. com-
pared two dosing ratios, B:M 1:50 or 1:100 U, in treating brow furrows (19). In this
trial, BoTN-A doses at 20 U resulted in a 16-week benefit after onset at 3 to 7 days,
while BoTN-B 1000 and 2000 U resulted in a 6- to 8-week or 10- to 12-week benefit,
respectively, and a shorter time to onset at 2 to 3 days.

There have been two studies assessing Myobloc and Botox equivalencies. Blit-
zer treated 32 patients with adductor spasmodic dysphonia by starting with a 1:50
Botox:Myobloc conversion of 1 U of BoTN-A to 50 U of BoTN-B (80). After a
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Table 5 Comparative Clinical Trials

Trial Indication Dosages (n) Benefit Side effects

Jost et al. (75) Normal EDB BT: 4 U Max¼ 40%,
duration¼ 90
days

None
XM: 4 U

Sloop
et al. (78)

Normal EDB BT: 10 U Max 80%,
D> 57 wk

None
MB: 480 U

Max 80%,
D¼ 11 wk

Eleopra
et al. (82)

APB BT: 15 U No difference None
MB: 1500 U 1:100 ratio

Blitzer (80) Spasmodic
dysphonia

BT: 1
MB: 50

O¼ 3.2 days
D¼ 17 wk

MB—dry
mouth

O¼ 2.1 days
D¼ 10.8 wk

Nussgens and
Roggenkamper
(68)

Blepharospasm BT:
45.4� 14.3 U

No difference
in benefit or
duration

All AE
DP > BT 0.05

DP:
182.1� 55.1 U

Ptosis
DP > BT 0.01

Marchetti
et al. (70)

Blepharospasm
(n¼ 45)

BT: 28–40 U 82% used ratio Ptosis¼ 12,
total¼ 5

DP: 88–111 U Ptosis¼ 29,
total¼ 42

BT:DP > 1:3
Marchetti

et al. (70)
Cervical

dystonia
(n¼ 70)

BT: 106–156 U BT:DP range by
site: 1:3.6–4.9

Dysphagia¼ 12,
total¼ 16DP: 399–817 U

Dysphagia¼ 19,
total¼ 32

Benecke
et al. (77)

Cervical
dystonia

BT:XM 1:1 No difference No difference

Ranoux
et al. (72)

Cervical
dystonia

BT: Benefit/pain Dysphagia 3%
DP: 1:3 p¼ 0.02/.04 Dysphagia

15.6%
DP: 1:4 p¼ 0.01/.02 Dysphagia 17.3%

Odergren
et al. (71)

Cervical
dystonia

BT: 152� 45 U,
DY: 477� 131 U

Peak 4 wk,
duration
> 80 days

No difference

Sampaio
et al. (69)

Cervical
dystonia

BT Duration¼
11.2 wk;
booster¼ 12%

AE¼ 47%
DY¼ 4:1 AE¼ 50%

Duration
¼ 13.3 wk;
booster¼ 23%

Comella
et al. (81)

Cervical dystonia
(n¼122)

BT: 205 U Duration 14.0w MB > dysphagia
drymouthMB:8520 U Duration 12.1 w

Matassaro
et al. (79)

Canthal rhytids BT: 15 U No difference None
MB: 750 U

Lowe
et al. (67)

Brow furrows BT: 20 U 16 wk None
MB: 1000 U 6–8 wk
MB: 2000 U 10–12 wk

(Continued )
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one-year process of dosage adjustment, a conversion ratio was found to be 52.3:1 U.
The onset of action of type B was more rapid [2.09 days vs. 3.2 days (p¼ 0.028)], with
a shorter duration of benefit [10.8 weeks vs. 17 weeks (P¼ 0.002)]. The Dystonia
Study Group compared BoTN-A (Botox) and BoTN-B (Myobloc) in the treatment
of CD (81). Subjects were randomly assigned to treatment with BoTN-A (up to
250 units) or BoTN-B (up to 10,000 units). A total of 122 subjects (BoTN-A,
n¼ 63; BoTN-B, n¼ 59) were enrolled in the study. The Toronto Western Spasmotic
Torticollis Rating Scale (TWSTRS) did not differ at baseline [mean 42.7 (SD� 9.7)],
or at the time of maximal effect. BoTN-A (14 weeks) had a longer duration of clinical
effect than BoTN-B (12.1 weeks, p¼ 0.025). Dysphagia and dry mouth were greater
following BoTN-B (p < 0.05). Although the maximum dosage for each arm resulted
in a B:M ratio of 1:40, the actual dosage ratio was slightly higher (81) with BoTN-A
205 U (range 75–250) and BoTN-B 8,520 U (range 1520–12,000). While the frequency
and severity of adverse events were similar for most groups, the BoTN-B group did
have greater frequency and severity of dysphagia and dry mouth (Table 5).

CONCLUSION

Treating patients with dystonic and other motor disorders with BoTN may be extremely
rewarding. While toxins differ in dosing units and response profiles, successful treat-
ment remains dependent upon identifying the correct muscle or muscles producing
the dystonic posture and reaching that muscle with a needle to infuse toxin. If these tasks
are accomplished, toxin dosing may be determined by beginning with a conservative
initial dosage and upwardly titrating to optimal response at scheduled three-month
injection intervals. The goal for each injection session should then be simply: three-
month resolution of dystonic muscle spasm with no toxin-related side effects.

The choice of toxin is often dependent upon external market forces, such as
regulatory approval and patient insurance carrier approval, as well as injector pref-
erence. However, each of these preparations exhibits differences in molecular size,
diffusion characteristics, antibody potential, and efficacy profile. Because of the rela-
tively low prevalence of dystonia, and therefore fewer opportunities to try alternate
toxin approaches, becoming highly familiar with the response of one toxin type may
be advantageous to a physician with a small patient population.

Table 5 Comparative Clinical Trials (Continued )

Trial Indication Dosages (n) Benefit Side effects

Lowe
et al. (19)

Glabellar lines BT: 20 No difference None
DP: 50

Anesse
et al. (20)

Achalasia BT: 100 U No difference in
1-mo change
or benefit
duration

None
DP: 250 U

Brisinda
et al. (21)

Anal fissure BT: 50 U 2-mo eval,
similar benefit

Mild flatus
incontinenceDP: 150 U

Abbreviations: BT, Botox1; DP, Dysport1; MB, MyoblocTM; XM, Xeomin1; EDB, extensor digitorum

brevis; APB, abductor pollicis brevis; AE, adverse events.
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INTRODUCTION

Phenol, carbolic acid, is one of the earliest known disinfectant substances, and is an
extremely astringent antiseptic, capable of sterilizing to the point of cauterizing
wounds. Shortly following Louis Pasteur’s discovery that microorganisms caused
infection, Joseph Lister (1827–1912) demonstrated that the use of carbolic acid to
sterilize surgical instruments and dress wounds produced a state of asepsis that
greatly reduced postoperative septic mortality. Even today, phenol remains the stan-
dard against which new disinfectants are tested.

Phenol kills microorganisms by denaturing proteins and dissolving cell mem-
branes. This corrosive nature has been tamed by dilution to lower concentrations
and harnessed for use as a therapeutic agent.

HISTORICAL BACKGROUND IN THE THERAPEUTIC
USE OF PHENOL

The use of intrathecal absolute alcohol in performing chemical rhizotomy to injure
nerves and reduce lower body pain, especially cancer-related pain, was widespread in
the 1930s and 1940s. This intervention subsequently lost favor because of erratic
results and diffuse pathological damage induced by alcohol. It was later felt that phe-
nol would be a superior compound for neurolysis because of certain properties,
including greater ease of instillation due to higher viscosity, ability to combine with
a radio-opaque material and an initial anesthetic response to guide placement. Thus,
phenol has been used therapeutically since the mid-1950s when it was employed for
treatment of pain. Maher (1) first administered the compound in a lipid solution into
the thecal sac in end-stage cancer patients and found that there was good pain relief.
Within four years, physicians were using phenol in the treatment of spasticity,
theorizing improvement resulted from disruption of the hyperactive stretch reflex
arc. Nathan (2) injected intrathecal phenol into a series of 25 patients with spastic
paraplegia using techniques to maximize damage to the targeted nerves with ‘‘most
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satisfactory’’ results in pain and spasm reduction from the conversion of spastic
paralysis to flaccid paralysis. The next several years brought studies in spasticity
using lower concentrations of intrathecal phenol, 5% to 10%, with fine results (3,4)
and no worsening of weakness (5). Interestingly, about that same time, the first use in
movement disorders was reported (1960), when three patients with parkinsonism
were noted to have significant improvement in lower extremity tone but no improve-
ment in tremor after intrathecal phenol (6).

Peripheral Neurolysis

Physicians began instilling phenol directly onto nerves in open surgical procedures or
administering the solution percutaneously to peripheral nerves in an effort to expand
treatment of spasticity to the upper extremities. Using dilute 2% or 3% aqueous phe-
nol solutions, Khalili et al. reported two series of 39 and 126 blocks in which phenol
was injected using nerve stimulation technique in severe spasticity patients (7,8).
These interventions had minimal side effects and were felt to be safe and effective.
Patients showed improved range of motion and ability to perform activities of daily
living, as well as, improved movement, reduction in clonus, and reduced or elimi-
nated need for therapeutic stretching.

Motor Point Blocks

Muscle motor point block using phenol was undertaken in 1965. This innovation led
the way for current use in dystonia. Halpern and Meelhuysen (9) rationalized that if
given procaine, a local anesthetic, and alcohol produced a loss of muscle tone with
motor point injection, phenol may also be utilized to provide safe, prolonged reduc-
tion in hypertonia. The total volume of solution ranged from 0.2 to 3 mL per muscle.
There was a correlation between the dosage strength and the outcome with longer
effects from 5% and 7% aqueous phenol solutions. The majority of their 39 patients
treated had a ‘‘good’’ improvement in function or relaxation of tone and only three
patients had a poor result from the intervention. Although predominantly used for
spasticity, there have now been several reports of phenol motor point block and
direct intramuscular injections in the treatment of dystonia (10–14). Methods are
described in the technique section of this chapter.

PROPERTIES/PREPARATION OF PHENOL

Phenol is a weak acid with bactericidal and fungicidal properties. It is the major oxi-
dized metabolite of benzene. The name is derived from its benzene ring structure and
there is an attached hydroxyl group. The –OH bond allows interactions with other
phenolic compounds and water, and is highly soluble. Phenol has analgesic proper-
ties at low concentration and at higher concentrations can be used as a disinfectant
or to destroy nerve tissue. There is a direct correlation between amount of nerve
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damage and concentration of the solution. Phenol crystals are dissolved in a solvent,
usually sterile water or anhydrous glycerin, to achieve the desired concentration.
Phenol in glycerin is less caustic than aqueous phenol solutions (15), with a 5% gly-
cerin-based solution having a similar effect on nerves as a 0.1% aqueous solution
(16). The most commonly used concentrations of phenol in clinical practice are
3% to 6% (17). Concentrations greater than 8% will show precipitation of solution
at room temperature.

After dissolving the phenol crystals in solution, it is then sterilized by heating.
Sterilization does not affect its activity. The solution should be clear and colorless
without evidence of yellowing or precipitant. It should have a pungent, distinctive
odor. Phenol is primarily excreted from the body by the kidney. Exposure to very
high concentrations may cause central nervous system dysfunction with tremor, fol-
lowed by seizures, cardiovascular collapse, and respiratory failure (18). The toxic
dose for adult humans is 8 to 15 g.

MECHANISM OF ACTION AND PATHOLOGICAL STUDIES

Phenol is known to have a high affinity for nervous and cardiovascular tissues. It was
initially felt that phenol had activity only on the small-diameter nerve fibers; that its
therapeutic activity came from selective involvement of muscle spindle innervation

Figure 1 Equipment setup for phenol block: teflon coated hollow-bore EMG needle, refer-
ence electrode with connector, nerve stimulator with rheostat and milliamp readout screen,
freshly prepared phenol.

Phenol Injections in Dystonia 373



(gamma fibers) with relative preservation of large-diameter fibers serving motor
function (7). Histopathological studies in man and cat, however, revealed that the
damage from phenol was present irrespective of fiber size with relatively normal
fibers lying beside those completely degenerated (19–21). Muscle study following
phenol nerve block demonstrates severe neurogenic atrophy (22). Additionally, elec-
tromyographic assessment following phenol demonstrates active denervation that
indicates destruction of alphamotor fibers (23).

The effect of phenol on nervous tissue is twofold. First, there is a short-term
anesthetic effect primarily on small-diameter fibers, e.g., C-fibers, and then a long-
term effect from a nonselective block of all fiber types (24). The long-term effect is
from blocked neural transmission due to dose-dependent protein denaturation with
severe demyelination and Wallerian degeneration in axons of all types. Phenol causes
total destruction of some myelin sheaths with proliferation of Schwann cells. As
expected, depth of degeneration into the nerve has been shown to be greatest at
the injection site and is lessened distal from that point (25). Animal studies suggest
peak nerve damage at two weeks with regeneration as early as seven weeks in nerves
injected with 10% phenol solution (26–28) and correlates with the temporary benefit
from this approach.

Phenol can also be used for blocking muscle motor points. Motor points are
typically located at the entry point of the nerve into the muscle, usually near the mus-
cle belly. Intramuscular neurolysis, or motor point block, causes neurogenic muscle
atrophy with subsequent reinnervation and regeneration of muscle fibers. There is
blockage of small mixed nerves. Diffusion of phenol into nearby muscle fibers also
leads to atrophy and inflammatory changes in the muscle fibers themselves. Electron
microscope studies confirm that phenol denatures tissue protein (27) including mus-
cle. This damage to muscle fibers through neurogenic mechanisms as well as direct
tissue injury weakens the power of contraction. The weakening of a specific muscle
is useful to reduce inappropriate muscle tone in dystonia. Thus, motor point blocks
and intramuscular phenol injections are used to weaken a specific muscle, such as in
dystonia, whereas nerve blocks are used to reduce contractions in a group of muscles
innervated by one nerve, e.g., in spasticity.

CLINICAL APPLICATION OF PHENOL IN DYSTONIA

For those with focal or segmental dystonia, botulinum neurotoxin (BoNT) injections
have become the treatment option of choice. Some patients, however, do not
respond to BoNT injections. These patients may try medications for ease of their
symptoms but many will not obtain optimal relief. In those with cervical or limb
dystonia who are nonresponsive to BoNT and who fail medication treatment trials,
phenol injections to relax involved muscles are a reasonable therapeutic option.

Massey (11) first reported the use of intramuscular phenol in torticollis. She
described two patients, one nonresponsive to BoNT type A and one with intolerable
side effects from BoNT type A in whom phenol injections were undertaken. Clinical
examination and EMG recording from muscles involved in the abnormal posturing
guided the injections. Both patients had considerable pain relief and improved con-
trol of head movements. Beneficial effects lasted approximately five to six months
and side effects were limited to temporary pain and redness at the injected site. These
results were not confirmed in another small series involving three torticollis patients.
In this open trial, intramuscular phenol injection produced sustained benefit in one,
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partial response in one (three months) and a lack of benefit in the last (12) and in
retrospect emphasizes that improvement may be highly dependent on technical pro-
ficiency with this relatively difficult procedure. Since that time, Massey (29) has
reported a much larger series, 56 BoNT-resistant torticollis patients, again using
EMG guidance for intramuscular placement. Patients were rated using the Toronto
Western Spasmodic Torticollis Rating Scale severity score, physician and patient
assessments of head control, and pain. By these three assessments, 45% of patients were
moderately to markedly improved; 27% of patients had mild improvement; and 28%
failed to improve but were not worse. Follow-up of the patients was from 6 to 46
months. Phenol solution was spread throughout the muscle with 0.5 to 4 mL injected
per muscle depending on size. The concentration was 1% to 5% solution with 20 to
25 mL maximum total dose per session. Subsequent EMG testing of the injected
muscles demonstrated fibrillations, positive waves, complex repetitive discharges,
and abnormal motor unit potentials suggesting a direct muscle effect. Local swelling,
erythema, and pain were found in most patients. Also common were temporary dys-
esthesias over the scalp, neck, and shoulder. Three patients had mild weakness in the
arm or shoulder girdle with resolution by six months. Duration of benefit was from
four to six months (Tables 1 and 2).

At this time, experience with phenol neurolysis in cervical dystonia using motor
point block technique is limited. Takeuchi et al. (14) isolated motor points through
surface electrodes then by percutaneous nerve stimulation (see section ‘‘Motor Point
Blocks’’). These authors used phenol blocks in 16 torticollis patients who had failed
medication trials and physical rehabilitation (prior to the approval of BoNT in this
country). A solution of 2% phenol was administered into one, two, or three active
muscles as determined by clinical exam and surface electrode recordings. Volumes
of 2.2 mL up to 6.6 mL were given. A blinded rater assessed the patients using the
Tsui scale score before and two weeks postphenol injections. The Tsui scale score
showed significant reduction following injections with better neck movement and
head position. Four patients (25%) had dysesthesia of the anterior neck ipsilateral
to the injected sternocleidomastoid (SCM) muscle felt secondary to involvement of
the transverse cutaneous nerve. The authors suggest avoiding the mid-portion of the
SCM to minimize this complication or using a local anesthetic first. An injection of a
local anesthetic prior to injecting phenol solution may help gauge expected results
from the motor point block.

A report of a single case of idiopathic foot dystonia treated with phenol motor
point block expands the use of the agent into treatment of limb dystonia (13).
A patient with gait-induced posturing of the left ankle, nonresponsive to BoNT
injections, was successfully treated with phenol. The peroneus longus and brevis
muscles were blocked using 5% aqueous phenol solution, 1.0 and 0.5 mL volume,
respectively. Sustained gait improvement was reported at one year.

Table 1 Phenol Use in Cervical Dystonia

Nonresponsive botulinum neurotoxin patients
1–5% aqueous phenol solution
0.5–4.0 cc phenol per muscle, dependent on muscle size
Maximum recommended dose 20–25 cc/day
Several series of injections may be needed to achieve results
Duration of benefit 4–6 mo

Phenol Injections in Dystonia 375



TECHNIQUE

The patient is prepared for the injection by cleansing the skin over the muscle to be
targeted. For motor point block, isolation of the motor point insertion into the mus-
cle can be done either by transcutaneous stimulation with a superficial electrode or
by direct intramuscular stimulation. There is insulation of the stimulating/recording
needle by a Teflon coating except at its beveled end. This limits stimulation or EMG
recording to the very tip of the needle. The hollow bore in the needle allows direct
injection of phenol from a syringe once placement is confirmed.

Motor Point Blocks

For motor point blocks, the needle electrode is attached to a nerve stimulator with a
manually operated rheostat. The nerve stimulator is capable of delivering 0.2 ms
square wave monophasic pulses at repetitions of one every second. Output current
is adjustable in 0.1 milliamp (mA) increments with a range from 0 to 6.0 mA. Ana-
tomical knowledge of the approximate points of entry of the motor branches of the
nerve into the muscle belly is needed. The needle electrode is then inserted near these
points and is slowly advanced while continuously stimulating at 5.0 mA. Once mus-
cle contractions are obtained, the current is reduced to see if the muscle contraction
remains as strong at lower stimulation strength. The closer the needle electrode is
to the nerve branch the easier it should be to achieve contraction of the muscle.
Confirm that the muscle contracting is the target muscle and not multiple muscles
supplied by a nearby peripheral nerve. The stimulating current is progressively
reduced as the needle approaches the nerve. The motor point is reached when there
is a minimal amount of current required to cause the maximum contraction of the
muscle. The rheostat reading should be less than or equal to 1 mA while still causing
a detectable motor response. This confirms that the needle electrode is in very close
proximity to the nerve. After first aspirating to ensure that the needle tip is not intra-
vascular, 0.2 to 0.5 mL of phenol solution are instilled. The patient may complain of
a burning sensation for a few seconds after the injection. Within several seconds to a
minute there should be a decrease in the contraction of the muscle. If muscle

Table 2 Comparison of Botulinum Neurotoxin Vs. Phenol for Dystonia

Botulinum neurotoxin Phenol

Cost Expensive Inexpensive
Properties Neurotoxin Disinfectant
Technique Palpation or electromyography

(EMG) guidance; given every
3 mo

EMG motor end-plate technique or
nerve stimulation; given as often
as tolerated

Side effects Less common, temporary Frequent, may be permanent
Mechanism of action Prevents presynaptic

acetylcholine release
Destroys myelin nerve sheath and

muscle tissue
Benefit Temporary Mostly temporary
Ease of technique Fairly easy with knowledge of

muscle anatomy
Advanced level of nerve type and

muscle anatomy; labor intensive,
prolonged sessions

Safety Large therapeutic window Relatively large therapeutic window
Resistance May develop in some patients None
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contractions continue with repeat stimulation, then 0.2 to 0.5 mL may be addition-
ally given. At that point, there should be a definite decrease or cessation in the
muscle contractions. If the muscle is not enough relaxed then the needle can be
slightly redirected or reinserted. The technique is again repeated to block additional
nerve fibers (usually three or four sites) in the same muscle until sufficient relaxation
or until 3.0 to 4.0 mL has been injected. The effects of phenol are typically seen
immediately because of the anesthetic properties, then as the secondary effects occur
maximum relaxation is usually seen in the first 24 hours. Patients with contracture of
the muscle will not benefit. The number of injections needed varies with the size and
innervation of the muscle (30). Ranges of phenol used for a single motor point block
are from 1 to 6 mL of a 2% to 6% solution. It is not recommended to inject more
than 1 g in a single day (31). Electrical stimulation must be used to localize motor
points. This is a lengthy procedure and can take over an hour to perform because
of the tedious nature of motor point isolation. Two of the reports in dystonia
describe use of this method (13,14).

Intramuscular Injections in Cervical Dystonia

The patient is prepared by cleansing the skin overlying the muscles to be targeted.
EMG guidance using standard electromyography equipment must be used for this
procedure. The recording monopolar needle is used for accurate placement of the
phenol near the motor end-plates according to methods described by DeLateur
(32) and more recently by Massey (29). The hollow bore allows injection of the
phenol solution through the recording needle/electrode. The Teflon-coated needle
minimizes the recording area to the tip where the bevel is exposed. The injections
should be in muscles that are actively assisting in the maintenance of the abnormal
posture. Technically, a sharp rise of the motor unit potential without a positive deflec-
tion indicates close proximity to the end plate. These areas are sought out diligently
throughout the muscle with small amounts of phenol instilled as they are located.
Multiple sites are usually necessary to relax the muscle. Solutions of 1% to 5% phenol
have been used with volumes from 0.5 up to 4 mL per muscle, dependent upon size,
and a maximum total of 20 to 25 mL per injection session is recommended (29).

Massey champions the use of intramuscular phenol injections because of two
technical problems with motor point injections of cervical muscles. First, the motor
end plates are scattered through the length of the muscles and second, the nerves are
not easily located, especially in the deeply situated neck rotators (29).

RESULTS AND DURATION OF BENEFIT

The effectiveness of phenol motor point blocks vary depending on the concentration,
type of solvent, volume used, physical tissues barriers, spread of solution, length of
time of nerve exposure, and experience in placement of the agent. Sung et al. demon-
strated that rabbits receiving perineural phenol injections had greater effect on the
nerve with a significant reduction in compound muscle action potential (CMAP)
amplitude related to the volume injected and there was a trend to the same reduction
in CMAP amplitude with increasing phenol concentrations (25). In man, blocks with
higher concentrations of phenol show longer-duration benefit and are less likely to
need repeating. Certainly, the administration of phenol is more technically challeng-
ing than BoNT and results hinge on the experience of the clinician.
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Duration of benefit for two to three months after motor point block for upper
extremity spasticity in brain injury was described by Garland et al. (33); however,
durations of six months or more are commonly reported (8,34–38). As well, intramus-
cular phenol injections for dystonia seem to have duration of benefit lasting about
four to six months (11,29). Ultimately, the neurolytic and muscle effects are reversed
by regeneration of neural and muscle tissue with a return of muscle overactivity.

ADVERSE REACTIONS

With greater experience using phenol have come the realizations of its shortcomings.
These include temporary results, nonspecific action on nerve fibers, and greater destruc-
tion of tissue at higher concentrations. There are both muscle and nerve destruction
resulting from phenol injections (39). Pain and dysesthesia may occur from injury of
the sensory component of mixed nerves. This usually involves a small area in the dis-
tribution of the blocked nerve. There can be sensitivity to touch in the affected region
as well as burning pain lasting days to weeks. The incidence of paresthesias following
nerve blocks is typically 20% to 30% (23,30) but ranges from 3% (40) to 36.4% (31).

Inflammatory reactions causing tender muscle nodules may be present from
one to three weeks after the injections (30). Larger amounts of phenol are more likely
to cause this reaction that may lead to fibrosis of the muscle. Fibrosis at the injection
site can make future injections more difficult (41). Patients may also experience leth-
argy and nausea from systemic absorption. Rarely, there is necrosis of skin overlying
the injection site.

In a large series of 521 phenol blocks, there was a severe complication with
loss of an upper limb secondary to arterial thrombosis attributed to the phenol
injections (42). Another report revealed thrombosis of the posterior spinal arteries
with the cause ‘‘clearly thrombosis initiated by intrathecal phenol;’’ felt by the
author to be compatible with necropsy descriptions of widespread tissue damage
by phenol (43). It is now well established that phenol may cause thrombosis.
Aspiration during the procedure should always be performed to avoid direct injec-
tion into a vessel.

No long-term significant adverse events have occurred in the dystonia patient
groups reported. The most serious events thus far are the occurrence of temporary
motor weakness in unintended muscle targets. The most common side effects are
lightheadedness during injections, swelling with redness and pain at the injection
sites and transient dysesthesias. Ice and nonsteroidal anti-inflammatory agents are
recommended to help with local injection site pain and edema (29).

CONCLUSIONS

Phenol has been used for over 50 years to treat neurological syndromes of muscle
hypertonia. It is an inexpensive, neurolytic agent that can be used for intramuscular
or motor point block in those with dystonia who are not able to afford or who are no
longer responsive to BoNT. Phenol has the advantage of an immediate onset of
action, fairly long duration of benefit, and it does not induce systemic resistance.
Concentrations of phenol solution less than 3% will need frequent repeating, whereas
those above 8% tend to spontaneously precipitate. For motor point block, the most
effective and commonly used concentrations are 5% to 6% aqueous solution phenol.
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For intramuscular injections in dystonia, concentrations ranging from 1% to 5%
solution have been reported (11,29). Duration of benefit is variable and is affected
by many factors. Technical expertise is invaluable for obtaining good results. The
injections can be repeated as needed when symptoms return. Side effects of this caus-
tic agent can include painful paresthesias, swelling, tissue necrosis, and inadvertent
vascular thrombosis. Relatively, few significant adverse events have occurred in
the dystonia patients reported. As with BoNT, phenol neurolysis should improve
range of motion through muscle weakening leading to better performance of stretch-
ing maneuvers to maintain range and function. Intramuscular injections of phenol
are an effective and viable treatment alternative in some patients with dystonia.
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Selective Denervation in Cervical Dystonia
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HISTORICAL PERSPECTIVE

Spasmodic torticollis is a condition that has held the attention of physicians since the
16th century, and the term torticollis has been attributed to the French physician,
Francois Rabelais (1494–1553) (1). Physicians have been trying to help patients
afflicted with this disabling condition by surgical means since the 17th century.
The surgical procedures performed for torticollis can be divided into intracranial
and extracranial procedures, with the latter emerging as the preferred method of
treatment over several centuries. Finney and Hughson (2) first described bilateral
peripheral denervations for torticollis in 1925, and also document a three-century
history of surgical evolution from myotomy to tenotomy, and, finally, to nerve
sectioning. In the 1600s, Isaac Minius reported open sectioning of the sternocleido-
mastoid, and Hendrick van Roonhuyze emphasized myotomies, and by 1812
Dupuytren attempted to treat torticollis by performing sternocleidomastoid ten-
otomy. The era of selective nerve sectioning began in 1866 when Campbell de
Morgan (3) was credited with the first peripheral division of the accessory nerve,
although Bujalski reported a similar technique in 1834. While Gross reemphasized
multiple myotomies in 1873, nerve sectioning has emerged as the primary focus
for extracranial surgical correction of spasmodic torticollis. Collier (4) proposed
the quickly abandoned procedure of constricting the accessory nerve in the neck with
a silver wire later that century. It was McKeen (5) who first described the division of
the posterior divisions of the first three cervical nerves for torticollis in 1891 and,
although this procedure became a procedure of choice for American and British sur-
geons, myotomy continued to be emphasized by German surgeons. In 1924,
Mc Kenzie (1) reported a successful intracranial division of the accessory nerve
and an intraspinal division of the roots of the first three cervical nerves, performed
by Cushing that led to significant improvement in a patient with a rotational-type
torticollis. A year later, Finney and Hughson (2) published a more extensive experi-
ence with bilateral peripheral denervations of the three first posterior divisions with
excellent results (37% cured and 50% improved). However, this procedure never
became widely used, probably because of the formidable incision and dissection. In
1930, Dandy (6) first described the bilateral intraspinal division of the roots of the
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first three cervical roots and the intracranial division of the spinal accessory nerve,
with excellent results in five out of eight patients. Although initially he divided the
anterior and posterior roots, he later modified this to sectioning of only the anterior
roots. In 1955, McKenzie (7) advocated the peripheral sectioning of the accessory
nerve to the sternocleidomastoid be added to the intraspinal procedure and the
division of some rootlets of C4. Anterior rhizotomy, or the Dandy–McKenzie
procedure, remained the procedure of choice until the late 1970s (8–10). In 1986,
Colbassani and Wood (11), in a literature review of anterior rhizotomy series, warn
of significant risks to this procedure, reporting an incidence of an unstable or weak
neck (39%), dysphagia (30%), shoulder weakness (41%), and death (2%). Hemipar-
esis, subluxation requiring fusion (10) and quadriplegia (12,13) have also been
reported with this operation. Because of the complications with anterior rhizotomies,
the search for other procedures to treat this condition continued. Stereotactic proce-
dures (14–16) were used in the 1970s, and electrical stimulation (17) and iontophor-
esis (18) were also tried without success. In 1978, Bertrand (19) reported the use of
thalamotomy combined with selective denervation. Because of the significant com-
plications with anterior rhizotomies and bilateral thalamotomies, he felt the combi-
nation of thalamotomy and peripheral denervation may lead to a safer and more
successful treatment. After his initial experience, he returned to selective denervation
without intracranial ablation, a more benign treatment for torticollis. Over the sub-
sequent years he published his results and experience with this procedure (20–22).
His descriptions of the use of a midline incision, innovative study of preoperative
electromyographic (EMG) analysis, the identification of the muscles to be dener-
vated for the different types of torticollis, as well as his low morbidity has led to
the well-accepted surgery for spasmodic torticollis, appropriately termed Selective
Peripheral Denervation (The Bertrand Procedure).

SELECTIVE PERIPHERAL DENERVATION
(THE BERTRAND PROCEDURE)

The principle behind selective denervation is that in cervical dystonia only a select
group of muscles are involved, and the contractions of these muscles are going to
determine the direction of the involuntary movement. By finding which muscles are
involved, a peripheral or extraspinal selective denervation of only the muscles
involved can be performed. The patient selection is of utmost importance. Not every
patient with torticollis is a candidate for this procedure, and the operation requires
careful tailoring to the particular muscle involvement and type of movement of the
patient. The evaluation of the patient includes a complete physical exam and exam-
ination of the neck muscles. Neck examination should be done at rest and with active
head movement to ensure the surgeon is aware of the specific muscles affected by
dystonia. Determining the direction of the movement, and if the patient has a mixed
movement or a unidirectional movement, is essential to make an informed surgical
decision. Because patients have become accustomed to ‘‘fighting’’ the involuntary
movement, especially when painful, an examiner must be convinced that the patient
is fully relaxed before determining a surgical approach. Palpation of the neck muscu-
lature and observation of the involuntary movement at rest and with movements of
the head in anterior–posterior, horizontal, and turning directions are equally impor-
tant. This needs to be done both when the patient is at the maximum abnormal
position and also when the patient is trying to bring the head in the opposite
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direction of the involuntary movement, especially in patients with forward flexion.
Measurements of the angle of rotation, tilt, or extension of the head and the distance
between the chin and the sternal notch are important to determine at baseline and
for following the patient after the procedure. Preoperative and postoperative videotape
of the patient should also be performed routinely. A four-channel EMG study to
simultaneously assess agonist and antagonist neck muscle involvement is the third
component of the presurgical evaluation. It is important that the surgeon and neuro-
physiologist be present during the exam. The recordings are done with the head in
the abnormal position, trying to hold the head straight and turning or tilting in the
opposite direction. Persistent and significant activity noted in involved muscles when
the patient is trying to correct the torticollis is usually a good indication of muscle
involvement and usually correlates well with a good outcome after denervation (Figs. 1
and 2). The muscles studied routinely during EMG study include the splenius capiti,
semispinalis capiti, sternocleidomastoids, trapezii, and levator scapuli muscles, but
depending on the movement and the exam other muscles may also be investigated.

CANDIDATES FOR SELECTIVE DENERVATION

There are four types of torticollis that may be treated successfully with selective
denervation: Rotational torticollis (Fig. 3), Lateral torticollis (Fig. 4), Retro-
rotational torticollis (Fig. 5), and Retrocollis (Fig. 6). Patients with mixed movements
can be treated but the success depends on the muscles involved and the type of
associated movement. Patients with ‘‘rotational torticollis’’ often demonstrate
involvement of the ipsilateral suboccipital group, ipsilateral splenius capitus, ipsilat-
eral semispinalis capitis, and the contralateral sternocleidomastoid. The contralateral
semispinalis may also be involved. In patients with a forward position of the ipsilat-
eral shoulder, there is usual involvement of the ipsilateral levator scapulae, and less
often, there may be activity of the contralateral trapezius or, rarely, the
ipsilateral platysma. In the setting of ‘‘lateral torticollis,’’ involvement of the ipsilat-
eral suboccipital muscle group, ipsilateral splenius capitus, ipsilateral semispinalis
capitus, ipsilateral levator scapulae, ipsilateral sternocleidomastoid, and in some
cases the ipsilateral trapezius. ‘‘Retro-rotational torticollis’’ usually presents with

Figure 1 Four-channel electromyographic recording in a patient with a rotational torticollis
to the right. Channels 2 and 3 showed the activity in the right splenius capitis and left sterno-
cleidomastoid. Abbreviation: SCM, sternocleidomastoid.
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ipsilateral suboccipital muscle groups, ipsilateral splenius capitus, ipsilateral semispi-
nalis capitus, contralateral sternocleidomastoid, and contralateral semispinalis
involvement. Subjects with ‘‘retrocollis’’ demonstrate bilateral involvement of the
suboccipital muscle groups, semispinalis capiti, and splenius capiti.

FACTORS THAT AFFECT THE SUCCESS OF
SELECTIVE DENERVATION

Fixed Posture, Secondary to Soft-Tissue Fibrosis or Skeletal Changes

The most important problem encountered in patients who are being evaluated for
selective denervation is the presence of a fixed, abnormal posture of the head and

Figure 3 Patient with rotational torticollis to the right.

Figure 2 Electromyographic recording of the same patient turning his head to the left. There
is activity in the right SCM (channel 4) and the left splenius (channel 1) activity is increasing,
but the right splenius capitis and the left sternocleidomastoid are not relaxing and continue to
show significant activity, making it difficult for the patient to turn left. Abbreviation: SCM,
sternocleidomastoid.
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neck, secondary to the years of torticollis, and the difficulty they have turning in the
opposite direction of the movement. Fibrosis of muscles and joints from the constant
abnormal position, coupled with atrophy of the antagonistic muscles, leads to the
development of these fixed postures. In addition, subjects presenting with
torticollis, because of the typical age of presentation, commonly the fourth or fifth
decades, and long-term posture changes, often have degenerative changes of the
spine. Commonly, severe degenerative changes with facet hypertrophy and fibrosis,
usually occur on the side toward the head turn or tilt, leading to a fixed, abnormal
posture. Chawda et al. (23) studied 34 patients with torticollis and found 14 with
severe degenerative changes in the side of the direction of movement. Once a fixed,
abnormal posture has developed, the potential for benefit from selective denervation
decreases significantly. In a series of 45 consecutive patients evaluated for selective
denervation (24), the position of the head and neck was studied under general
anesthesia with full chemical paralysis. Only 18% of the patients had a normal
range of movement and position of the head. The rest of the patients had significant
restriction of movement and different degrees of fixed scoliosis, which was severe in
35% of the patients. Figure 7 shows a patient in her normal position with a rotational

Figure 5 Patient with retro-rotational torticollis to the left.

Figure 4 Patient with laterocollis to the left.
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torticollis to the left. Figure 8 shows the same patient under anesthesia. Although
fully paralyzed, the head of the patient is fixed and leaning to the left.

Because the development of a fixed posture, by either muscle or soft-tissue
fibrosis or spinal column degeneration or hypertrophy will limit the potential for
any therapeutic intervention, it is important that patients with torticollis be con-
stantly monitored for the development of this problem. Patients over 40 years,
patients who are noticing progressive difficulty bringing the head to the midline or
turning in the opposite direction of the abnormal movement, and patients who in
addition to the difficulty turning, start having increased pain, should be evaluated
for the development of a fixed, abnormal posture. A short exam under anesthesia
with the patient fully paralyzed may assist in determining whether a fixed posture

Figure 7 Patient with rotational torticollis to the left, awake, in her normal position.

Figure 6 Patient with retrocollis.
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is the cause for poor therapeutic response. While not proven, some clinicians support
active physical therapy in patients with severe or long-time spasmodic torticollis to
prevent this problem.

Multiple Areas of Dystonia

Other factors or conditions that limit the success of selective denervation are the pres-
ence of a more than one primary movement (e.g., torticollis and lateral torticollis),
especially the presence of anterior torticollis. A mixed movement is not a contraindi-
cation for selective denervation, but the success would depend on the types of movement
and muscles involved.

Presence of Dystonic Muscle Contractions in Other Areas

The presence of oromandibular dystonia does not seem to affect the success of
selective denervation; however, the presence of brachial or axial dystonia would
decrease the success. In these patients, as well as in patients with generalized dysto-
nia, selective denervation could be performed, but only with the goal of decreasing
the number of muscles involved trying to improve the result with other treatments,
such as botulinum toxin.

Involvement of the Trapezius Muscle

The denervation of the trapezius muscle, although a simple surgical procedure can be
very disabling, not only because of the shoulder weakness, but also because of the

Figure 8 Same patient under general anesthesia and fully paralyzed. Instead of her head
being relaxed and moveable, it is rigid and fixed, tilted left.
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shoulder pain that many patients have afterwards. This muscle can be treated with
botulinum toxin very easily. For this reason, in patients with this problem it is very
important that selective denervation be performed before they developed resistance
to botulinum toxin.

Resistance to Botulinum Toxin

Historically, torticollis patients with poor response to botulinum toxin also do not
respond well to selective denervation procedures. Conversely, complementary toxin
injection after successful selective denervation in certain cases may offer these
patients a greater improvement of their symptoms.

Posttraumatic Dystonia

Patients with this type of dystonia behave differently than patients with idiopathic
cervical dystonia, and often have involvement of the trapezius muscle. Assessment
is also difficult because EMG findings are often unexpected. At minimum, this group
of patients should be reevaluated several times before proceeding with selective
denervation. The best results are obtained in patients with EMG findings that clearly
correlate with the type of movement. In some cases, the abnormal movement is
brought on only by certain activities. In these cases, it is prudent to perform several
evaluations before deciding to proceed with selective denervation.

SURGICAL PROCEDURE

The selective denervation procedure for spasmodic torticollis is performed in the sit-
ting position. Although, theoretically, there is a small risk of air embolism, this has
not been reported in more than 1000 patients undergoing this surgery. In a study of
100 selective denervation patients (25) there was only one minor episode detected by
cardiac Doppler, without clinical significance. Although adequate and careful
hemostasis and vigilance is important, bleeding has not been a problem in most ser-
ies. However, Taira (26) has proposed an intradural sectioning of C1 and C2 to
decrease the risk of bleeding from the venous plexus that usually surrounds these
nerves, but, this approach has not produced additional benefit, and adds the risk
of an intraspinal procedure. Figure 9 shows the different incisions that have been
used to perform selective denervation.

Over the last three years, an increasing preference for a lateral muscle-splitting
approach (27) has been endorsed, and allows easier access to the superior posterior
cervical rami (of C1 to C5). The main advantage of this approach is that the trape-
zius and cervical muscle attachments to the midline are not touched, and muscles,
such as the semispinalis capitis, may be split instead of divided. This technique
appears to be associated with significant decrease in the postoperative pain and a
faster recovery. The branches of the posterior rami are found using unipolar stimu-
lation (usually 3v) and then followed proximally until the main branch is identified.
The C1 and C2 anterior branches are usually preserved. Successful sectioning of C3
and C4 is highly dependent on locating the lateral branches, given that the pro-
cedural result is compromised if these branches remain intact. Denervation of the
levator requires identification of the anterior fascicles of C3 and C4 with every pre-
caution to identify and avoid sectioning of the branches innervating the trapezius
and diaphragm. Complete denervation of this muscle is difficult to achieve, and
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additional myotomy is recommended. The nerves are clipped proximal to the
branches and divided and avulsed. Denervation of the sternocleidomastoid muscle
is performed through an incision in the lateral aspect of the neck, starting below
the lobe of the ear and extended to the supraclavicular area. The branch to the trape-
zius is identified with stimulation and followed proximally, where the branches to the
sternocleidomastoid are divided with care to preserve the main trunk to the trapezius.

In most patients with rotational, lateral torticollis, and retrocollis the pro-
cedure can be performed in one stage. However, when there is bilateral posterior
involvement, such as in some patients with rotational torticollis or in patients with
retro-rotation, a two-stage procedure is recommended. When bilateral posterior
denervations and denervation of the sternocleidomastoid are performed in one stage,
there is increased risk of dysphagia. This problem is avoided if the surgery is per-
formed in stages six months apart. A more recently developed lateral approach to
the denervation of the posterior group has decreased significantly the postoperative
recovery and the postoperative pain. Most of the patients are discharged within
24 hours, and require only oral medication for pain control. After surgery it is
very important that patients do posture exercises to regain a sense of midline, and
to improve the range of movement.

RESULTS

In Bertrand’s series of 260 patients (28), 89% of the patients had excellent or very good
results. In a more recent series of 145 patients undergoing the Bertrand approach, 85%

Figure 9 These drawings show the incisions advocated by Finney Hughson (A), Bertrand
(B), Richter (C), and Arce (D).
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of the patients had the same type of results (29). A modification of this procedure,
using a lateral muscle-splitting approach yields very similar results (27). Chen (30), in
his series of 361 patients on whom he performed selective denervation and myectomies,
reports that 88% of his patients obtained these types of results. Braun and Richter
(31) report excellent-to-moderate benefit in 75% of 155 patients, while Cohen-Gadol
et al. (32) notes excellent-to-moderate benefit in 70% of 130 patients. Munchau et al.
(33), using the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS),
reported a significant improvement in 68% of 40 patients who underwent selective dener-
vation. In more than 1000 published cases, only one mortality has been reported. This
patient was also diagnosed with an underlying myopathy, and suffered respiratory
compromise the day after surgery (32). No major morbidity has been associated with
this surgery. Numbness associated with C2 sectioning has not been a significant prob-
lem, but some subjects have reported dysesthesia. Bertrand (34) and other authors have
also described cases in which the dystonic process in other areas of the body worsened
temporarily. Other complications reported less often include temporary weakness of the
trapezius muscle and dysphagia. However, swallowing difficulties are much less com-
mon when only a unilateral posterior ramisectomy is performed. The recurrence of spas-
modic torticollis postoperatively is approximately 10%. Possible etiologies are an
incomplete denervation, involvement of other muscles, or progression of the condition.
Reoperation can be helpful if other muscles are involved; however, if there is incomplete
denervation, reoperation is less successful due to scarring.

SUMMARY

Selective Peripheral Denervation, or the Bertrand Procedure, is a safe and effective
surgical treatment for patients with cervical dystonia. Careful preoperative evaluation
is essential to benefit from this procedure, and every patient with torticollis needs to be
treated on an individual basis. Patients with the same direction of movement do not
necessarily have the same muscles involved. For example, patients who turn right
have involvement of the right posterior group and left sternocleidomastoid, but some
of them have involvement of the ipsilateral levator, or the contralateral semispinalis;
some of them have involvement of the ipsilateral platysma (35) or the contralateral
trapezius. It is for these reasons that the preoperative evaluation, including a
careful observation of the movement, palpation of the musculature, study of the
videotape, and a complete EMG evaluation are needed to determine the direction
of movement and the muscles involved. Once this has been determined, the surgery
needs to be tailored to that particular patient. It is important that patients with
cervical dystonia be monitored very closely for the development of a fixed, abnormal
posture, and permanent loss of range of movement. Once this happens, the success of
any treatment would be decreased. Although botulinum toxin is a standard and suc-
cessful treatment, every patient should be individualized, and surgery should not be
used only as a last resort or only when the patient is resistant to botulinum toxin.
Selective denervation has proved to be a safe procedure that helps a significant
number of patients. The use of botulinum toxin after the denervation, if needed, could
significantly enhance the results of the surgery in some cases, and this needs to be con-
sidered in determining the best time for the patient to have the surgery. Our increased
understanding of the muscles involved in cervical dystonia, the development of the
lateral muscle-splitting approach which allows a fast recovery, the decrease in side
effects by staging the procedure, and the good success rate of the procedure, with only
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minor side effects, makes selective denervation a safe alternative for patients with
cervical dystonia.
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Brain Surgery for Dystonia
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INTRODUCTION

Surgical treatments have been used for decades to treat a variety of movement
disorders including tremor disorders, Parkinson’s disease, and dystonia. Beneficial
effects of serendipitous lesions in corticospinal, thalamic, and basal ganglia regions
resulted in the deliberate use of ablative techniques directed at various components
of pyramidal and extrapyramidal pathways. As the pathophysiology underlying
movement disorders came to be appreciated, surgical intervention with a rational
anatomicophysiological basis emerged. Procedures initially entailed destructive
lesioning of nuclei exhibiting aberrant neurophysiological activity—thalamotomy
and pallidotomy. More recently, the advent of deep brain stimulation (DBS) has
provided a means of reversibly modulating activity in thalamic and basal ganglia
nuclei in a manner that is nondestructive, adjustable, and safer for bilateral use using
an implantable device.

Initial treatment of dystonia is pharmacological in nature. Oral medications,
used for all types of dystonia, include dopaminergic drugs, anticholinergic medica-
tions, baclofen, benzodiazepines, and dopamine-depleting drugs. Chemodenervation
treatment with botulinum toxin (type A or B) is highly effective for focal and re-
gional use in many patients. More widespread dystonia may respond to intrathecal
baclofen, which can be chronically delivered using an implantable pump system.

These treatments have limitations, though. Oral pharmacotherapy is often only
modestly effective in suppressing dystonic symptoms, and the neurological and sys-
temic adverse effects of these agents commonly impose a dose ceiling for their toler-
able use. Chemodenervation may provide a robust effect initially, but this can wane
over time, and some patients never achieve an adequate level of symptom control
with this strategy. Furthermore, chemodenervation is impractical for patients with
widespread involvement of their dystonia. Intrathecal baclofen, while often impress-
ive in treating spasticity, seems to be less helpful for dystonia. For patients with dys-
tonia in whom symptoms are inadequately controlled with pharmacological
measures, the use of surgical treatments, particularly DBS, can provide improved
symptom control and enhanced functional capacity.
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ABLATIVE PROCEDURES FOR DYSTONIA

Overview

Thalamotomy and pallidotomy are ablative procedures in which tissue within the tar-
get is precisely destroyed, usually using radiofrequency thermocoagulation (1). These
procedures involve the use of stereotactic neurosurgical methods, whereby a frame
with coordinate markings affixed to the patient’s head or fiducial markers embedded
in the outer portion of the skull, in conjunction with a brain image obtained by com-
puted tomography or magnetic resonance imaging, are used to calculate the location
of the brain target to be operated upon. Although lesioning can be accomplished via
noninvasive radiosurgery, there are several disadvantages to such an approach (2);
hence, an invasive procedure is usually performed. A small burr hole in the skull
allows the surgeon to pass a recording electrode and then lesioning probe to the
intended target. Precise targeting of these small structures deep in the brain is achieved
using imaging and intraoperative recordings of brain activity. The procedures are
typically performed using local analgesia in an awake patient to allow neurological
examination and questioning of the patient, important in confirming surgical target-
ing during the course of the procedure. Modern stereotactic neurosurgical techniques
allow ablative surgery to be relatively safe. In a review of 1116 patients who under-
went microelectrode-guided pallidotomy for Parkinson’s disease, symptomatic
intracerebral hemorrhage occurred in 1.5% of patients (3). Encroachment of the
surgical lesion into neighboring neural structures can also produce permanent neuro-
logical sequelae, such as hemiparesis, dysarthria, dysphagia, and visual field deficits.
The incidence of such complications in the modern surgical era ranges from 3% to
16% and is higher with bilateral procedures (3,4). The irreversible, destructive, and
nonadjustable nature of ablative procedures has resulted in these procedures being
used much less commonly once the technique of DBS became available.

Outcomes

The use of thalamotomy and pallidotomy to treat dystonia has a rich history. Much of
the outcome data predates the modern era of functional stereotactic neurosurgical
techniques, making its interpretation and current applicability challenging. In
addition, the absence of standardized rating scales with which to assess patient out-
comes makes evaluation of the clinical results difficult. The extensive experience of
Cooper in the use of thalamic ablation to treat generalized dystonia showed that the
majority of patients experienced moderate-to-excellent improvement at long-term
evaluation (5). These patients typically underwent more than one operation, often
receiving multiple lesions directed at the ventrolateral thalamus, centromedian nucleus
of the thalamus, and pallidal and cerebellar afferents to the thalamus. Other relatively
early reports described a range of outcomes. Only a quarter of generalized dystonia
patients (of mixed etiology) showed considerable benefit in a series of 16 patients
treated with thalamotomy, although nearly two-thirds of patients with cervical dysto-
nia in that series were ‘‘much improved’’ (6). Another report indicated that ‘‘all’’
patients with cervical dystonia (mainly torticollis) improved after unilateral thalamot-
omy (7). More recent reports include a series of 54 patients with primary and secondary
dystonia, in which 59% of patients exhibited at least a 25% improvement and another
23% showed slight improvement following ventral thalamotomy (8), and a series of 17
patients with mean improvements in dystonia severity of 43% and 50% in patients with
primary and secondary dystonia, respectively (9). A variety of case reports suggest
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efficacy of thalamotomy in focal dystonia, tardive dystonia, and pantothenate kinase-
associated neurodegeneration (PKAN) (10–12). While operative mortality in these
series is low, a consistent finding is a relatively high rate of persistent dysarthria
(15% in the Cooper series), particularly following bilateral thalamotomy.

Pallidotomy, although occasionally used for dystonia in the early era of func-
tional neurosurgical treatment, has been explored in more depth during the modern
era, particularly with its resurgence to treat Parkinson’s disease. Several reports
document the efficacy of bilateral pallidotomy for generalized dystonia (13–16).
Improvements in the Burke—Fahn–Marsden Dystonia Rating Scale (BFMDRS)
movement scores ranged from 58% to 79% at relatively short-term follow-up. Ben-
efits tended to lag the operative procedure and continued to accrue over the course
of three to six postoperative months. Patients with dystonia, particularly children,
appear to tolerate bilateral treatment with few persistent adverse effects (17).
Patients with secondary generalized dystonia appear to receive less benefit than those
with primary disorders. One report noted that only 8 of 18 patients derived benefit
(18), while another noted an overall improvement of 13% in the BFMDRS move-
ment score and 9% in the disability score (19,20). Cases of beneficial outcomes
following pallidotomy have been reported for individual patients with dystonia
due to PKAN, glutaric aciduria, Huntington’s disease, perinatal hypoxia, and neu-
roleptic exposure (20–25).

In a nonrandomized comparative study, patients with primary dystonia rea-
lized significantly more improvement following pallidotomy compared with those
who had undergone thalamotomy (26). Patients with secondary dystonia had simi-
larly modest levels of improvement with either procedure.

DEEP BRAIN STIMULATION FOR DYSTONIA

Overview

Benabid and colleagues pioneered the use of high-frequency electrical stimulation of
deep brain nuclei via implanted electrodes in 1987 to treat essential tremor and
Parkinson’s disease (27). Chronic DBS is a nondestructive and reversible means of
disrupting the abnormal function of thalamic and basal ganglia nuclei that occurs
in a variety of movement disorders. DBS mimics the effect of a lesion in the target
structure that is stimulated, although the exact mechanism by which this occurs
remains unclear and is likely to be more complex than that of a lesion. The DBS
system consists of a four-contact lead placed into the brain that is connected to a
programmable neurostimulator (also called an implantable pulse generator), implan-
ted in the subclavicular region, via a wire tunneled under the scalp down to the chest
(Fig. 1). Stimulation parameters can be programmed noninvasively to deliver the
appropriate level of stimulation to the optimal anatomic region to maximize
symptomatic benefit and minimize adverse effects. The benefits of DBS compared
to ablative surgery include its nondestructive nature, reversibility, and adjustability.
In addition, when used bilaterally the technique does not typically produce the per-
manent speech, swallowing, or cognitive complications sometimes seen with ablative
procedures; thus, DBS is safer for bilateral use. DBS implantation is safe, with
serious surgical complications relatively uncommon. Intracerebral hemorrhage pro-
ducing persistent symptoms occurs in about 0.6% of patients (28). Infection, most
commonly occurring in the region of the neurostimulator, occurs in about 4% of
patients and usually requires device explantation and treatment with intravenous
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antibiotics (29). Complications related to unintended stimulation of adjacent struc-
tures (e.g., visual phenomena from optic tract or tonic motor contraction from
internal capsule) are readily reversible by altering stimulation parameters.

Technical Issues

DBS therapy uses a device with three implantable components: a quadripolar brain
lead, a neurostimulator, and an extension that connects the two. The DBS lead, con-
taining an array of four electrodes on its distal end, is implanted into the deep brain
target using stereotactic neurosurgical techniques. Such procedures typically use
image-based targeting and intraoperative physiological confirmation to accurately
implant the DBS lead into the appropriate target, generally the motor subterritory
of the globus pallidus internus (GPi) when treating dystonia (30). DBS lead implan-
tation is often performed using local anesthesia in the awake patient to optimize the
recording of physiological data during the mapping procedure, as well as to elicit the
patient’s report of stimulation-induced adverse effects during intraoperative test
stimulation of the lead. For young patients or those with extreme dystonic postures
or spasms, the procedure can be performed under general anesthesia.

Following lead implantation on one side of the brain for contralateral hemidys-
tonia or both sides for other syndromes, the neurostimulator is implanted under general
anesthesia. The neurostimulator is typically placed in the subclavicular region,
although it can be located elsewhere. Bilateral stimulation necessitates the implantation
of two single-channel neurostimulators or one dual-channel neurostimulator. Exten-
sion wires, tunneled under the skin, connect the brain leads to the neurostimulator(s).

Postoperative Management

Days to weeks after device implantation, stimulation is activated. Using the DBS
programmer, the clinician can select which electrodes on the DBS lead to use to

Figure 1 Illustration of the deep brain stimulation system, which consists of brain leads,
extensions, and neurostimulators. Source: courtesy of Medtronic Neurological.
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deliver stimulation, as well as the stimulation parameters themselves (including ampli-
tude, pulse width, and frequency of stimulation). Usually, the one or two electrodes
within, or closest to, the sensorimotor region of the target nucleus are activated. Typi-
cal stimulation parameters include amplitude of 2.0 to 4.0 V, pulse width of 90 to
450 lsec, and frequency of 130 to 185 Hz (30). Some investigators cite benefit at lower
frequencies (e.g., 60 Hz), as well (31). Because beneficial effects commonly take weeks
or months to become evident, stimulation settings initially are guided by tolerability,
rather than by efficacy. Following activation of stimulation, some patients may
experience a transient worsening in dystonic spasm that necessitates a reduction in
stimulation intensity. As acclimatization to stimulation occurs, stimulation param-
eters can then gradually be increased. The time course for response varies among
patients; some exhibit rapid improvement in dystonic signs, but in most patients there
is a lag of weeks to months after initiation of stimulation until improvement is seen,
with full accrual of benefit taking many months. In one study in which extent of dys-
tonia was scored repeatedly over time, 95% of maximal long-term improvement had
been reached six months after activation of stimulation (32).

Outcomes

DBS has only recently been used to treat dystonia, and thus efficacy and outcome
data are relatively limited and continue to evolve. The majority of patients world-
wide have been treated with DBS directed at the GPi, although thalamic stimulation
has been used in a limited number of patients (33–37). Additionally, recent interest in
the use of the subthalamic nucleus target has emerged (38,39). Because the vast
majority of outcome data are currently in patients treated with pallidal stimulation,
the discussion that follows pertains to that target.

Primary Generalized Dystonia

The use of DBS to treat dystonia was first reported in a seven-year-old girl with
severe and rapidly progressive primary generalized dystonia (40). This child, who
required general anesthesia and assisted ventilation due to the severity of her dysto-
nia, had failed exhaustive attempts at pharmacological management. Following
implantation of bilateral DBS leads into the globus pallidus (GP) and activation
of stimulation, the patient experienced rapid and dramatic improvement in her
dystonic signs and associated disability. This finding lead to the use of DBS in
additional patients with disabling dystonia.

Indeed, primary generalized dystonia syndromes appear to be the most robustly
responsive dystonic disorders to treatment with DBS. In an open-label, uncontrolled
series of 31 subjects, a mean improvement of 79% in the BFMDRS movement score
and 65% in the disability score was reported at two-year follow-up evaluation (41). In
this study, patients were evaluated following stimulation at 3, 6, 12, and 24 months.
Robust improvement was typically evident by three months but continued to gradu-
ally improve over time. Significant improvement occurred in children and in adults;
movement scores tended to be somewhat more improved in children, although dis-
ability scores improved to a similar extent. In this series, no significant difference in
mean response was found between those patients positive for the DYT1 mutation
and those without that genotype. The only adverse event observed in the group of
31 patients was an infection at the neurostimulator site in one patient.

A prospective, controlled, multicenter study in 22 patients with primary gener-
alized dystonia documented mean improvements in the 12-month postoperative
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BFMDRS movement and disability scores of 54% and 44%, respectively (42). All but
2 of the 15 patients without the DYT1 mutation experienced benefit, and all of those
with the DYT1 mutation realized improvement. Benefits were obvious at the three-
month evaluation period and persisted at 12 months. Significant improvements in
the general health and physical functioning domains of the Short-Form General
Health Survey (SF-36), a health-related quality-of-life instrument, also occurred.
Five adverse events in three patients occurred, all of which resolved rapidly and with-
out permanent sequelae.

A number of additional reports consistently document the excellent degree
of motoric and functional response realized by patients with primary generalized dys-
tonia treated with pallidal deep brain stimulation (30,32,43–53). Mean improvement
in dystonia scores in these series ranges from 47% to 74%. Importantly, while it was
common for the majority of patients in these reports to exhibit a substantial
improvement in their dystonia status, a subgroup of patients in virtually all series
realized a more modest response or, rarely, no meaningful benefit. The basis for this
diminished improvement is currently unclear, and therefore it is difficult to predict in
advance which patients will or will not achieve a significant response. Suboptimal
DBS lead location may explain some, but certainly not all, of these instances of
underwhelming response. Perhaps some variants of primary generalized dystonia
unassociated with the DYT1 mutation have underlying pathophysiological changes
that fail to be modulated by existing stimulation techniques. As the pathophysiology
of dystonia and mechanism of action of DBS become better understood, the ability
to predict outcomes and counsel patients preoperatively will likely increase. Until
then, pallidal DBS remains the most effective treatment for primary generalized dys-
tonia, and clinicians can advise patients and their families that the majority of
patients will appreciate a meaningful benefit from this therapy.

Idiopathic Cervical Dystonia

Because a sizeable number of patients with idiopathic cervical dystonia fail to
achieve long-term, sustained benefit from chemodenervation therapy (54), the avail-
ability of other treatment options is important. Accumulating evidence supports the
efficacy of pallidal DBS for cervical dystonia. Most reports thus far consist of indi-
vidual case reports or series with small numbers of patients (30–32,43–45,47,52,55–
62), although a prospective, multicenter trial with blinded evaluators is underway
(63). The vast majority of patients have been treated with bilateral pallidal stimu-
lation, however two reports suggest efficacy with unilateral stimulation (one ipsilat-
eral to the affected sternocleidomastoid muscle, the other contralateral to the
involved muscle) (61,62). Reported mean postoperative improvement in the Toronto
Western Spasmodic Torticollis Rating Scale (TWSTRS) severity score ranges from
48% to 76%. Mean improvements in TWSTRS disability and pain scores range from
60% to 75% and 38% to 100%, respectively. Despite these favorable overall improve-
ments, some patients fail to exhibit benefit (30). Some patients with modest motor
improvement nevertheless report marked and sustained improvement in the pain
associated with their cervical dystonia (60).

Other Primary Dystonia Syndromes

The use of DBS for other primary dystonia syndromes is somewhat limited, but
outcome data are beginning to emerge. Several reports document significant
improvement of craniofacial dystonia and dystonia involving craniofacial and axial
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regions (64–67). Prompt resolution or substantial improvement of blepharospasm
and oromandibular dystonia occurred after stimulation was initiated. Pallidal
DBS has also been reported to improve both the dystonic and the myoclonic com-
ponents of the myoclonus–dystonia syndrome (68,69).

Tardive Dystonia

Several published reports suggest that tardive dystonic syndromes are responsive to
pallidal DBS (30),(37),(70–72). Significant improvements in dystonic and choreiform
components have been seen. The largest series of tardive patients treated with DBS
of the GP showed rapid and sustained improvement in all five patients (72). Other
reports describe some tardive dystonia patients as not deriving significant benefit
from DBS (30,52).

Other Secondary Dystonias

DBS has been applied to treat a variety of secondary dystonic disorders. Benefits
have generally been less robust than those seen in primary dystonia syndromes
(43), yet clinically meaningful improvements in dystonia scores and in patient func-
tion have been observed in some patients.

In a large series of dystonia patients treated with pallidal DBS at the same cen-
ter, the mean improvement in the BFMDRS movement score was 31% for those
patients with secondary dystonia syndromes versus 73% for patients with primary
disorders (46). Of note, the 21 patients with secondary dystonia in that report had
severe, medically intractable dystonia due to a variety of etiologies, including perina-
tal anoxia, postanoxic encephalopathies, mitochondrial cytopathies, and PKAN.
Those with PKAN seem to represent a particularly responsive subset of secondary
dystonia patients, with studies consistently documenting sustained excellent benefit
(75–80% improvement in movement scores) from pallidal DBS (30,52,73,74).

Limited cases of posttraumatic dystonia treated with DBS have been reported,
with symptom improvement described in some patients (30,48,61,75), but not in
others (45,52). The few reported outcomes in patients with postanoxic dystonia,
poststroke dystonia, and postencephalitic dystonia treated with DBS have been vari-
able but generally modest or disappointing (30,43,46,51,52).

Mechanism of Action

Significant gaps currently exist in understanding the mechanism of action by which elec-
trical stimulation of basal ganglia nuclei improves movement disorders in general and
dystonia in particular. The pathophysiology of dystonia itself is also poorly understood.

In dystonia, abnormalities at the level of basal ganglia nuclei have been
documented, with intraoperative recordings of single unit neuronal activity in GPi
demonstrating reduced discharge rates, increased oscillatory activity, and increased
bursting activity compared to normal nonhuman primates (76). This abnormal pallidal
activity may lead to uncontrolled synchrony throughout the subcortical–cortical
network, disruption in cortical and brainstem output, and the resultant disordered
movement seen in dystonia (77). Indeed, functional imaging studies demonstrate
abnormalities at the cortical level, with H2

15O positron emission tomography (PET)
blood flow data suggesting inappropriate overactivity in motor executive areas (78).

DBS, which delivers regularly patterned, high-frequency stimulation, may con-
vert the aberrant neuronal activity in the GPi from a pattern disruptive to motor
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information processing to a pattern that has less deleterious impact on cortical
regions (79). PET studies in patients with dystonia show that DBS of GPi reverses
abnormal overactivity in cortical motor regions (80,81). This modulation of patho-
logical network activity appears to underlie the basis for clinical improvement,
although many details remain to be established.

DYSTONIA PATIENT CANDIDACY FOR SURGICAL TREATMENT

In selecting dystonia patients for surgical treatment, the heterogeneous nature of dys-
tonia requires an approach that is individualized to each patient. For each patient, a
number of factors, summarized in Table 1, need to be considered. These include the
type of their dystonia and its associated natural history; level of disability, functional
impairment, pain, and associated musculoskeletal deformity produced by their dysto-
nia; extent to which other appropriate treatments, administered in an optimal manner,
have been undertaken and have failed to produce sufficient benefit; willingness of the
patient to accept the potential risks of surgery and the potential for no meaningful
benefit or incomplete control of symptoms. When treatment with DBS is being con-
sidered, the patient and their family must understand key issues related to use of that
treatment for dystonia, including the need for repeated follow-up visits to adjust the
stimulation, the probable lag time until benefit occurs, and device-related issues.

Patients with childhood or adolescent-onset primary generalized dystonia asso-
ciated with documented DYT1 mutation are the most straightforward candidates in
whom to recommend surgical treatment, particularly DBS. The known natural
history of the disorder is one of progressive and often severe disability, this type of dys-
tonia generally is refractory to pharmacological therapy, and the syndrome usually
responds dramatically to DBS of the GP. Indeed, whenever possible for these patients,

Table 1 Dystonia Patient Candidacy for Surgical Treatment: Issues to Consider

Factor Comments

Dystonia type and its
likelihood of responding
to surgical intervention

Primary dystonia syndromes tend to be more responsive
than most secondary disorders; tardive dystonia and
dystonia associated with pantothenate kinase-associated
neurodegeneration can be responsive

Natural history of the
dystonia syndrome

Surgical intervention may be considered before maximum
disability ensues for those syndromes known to typically
progress and lead to significant disability

Level of disability produced
by the dystonia

Is the severity of dystonia sufficient to justify the potential
risks of surgery; relevant issues include functional
limitations, musculoskeletal deformity, and pain

Extent to which the dystonia
has failed treatment with
pharmacological measures

Appropriate oral medications and, where indicated,
chemodenervation treatment should be tried prior to
surgery

Patient and family
expectations

The patient should understand the potential risks of surgery
and conclude that these risks are acceptable to them in
light of their level of disability and impaired quality of
life. They should understand and accept the range of
potential benefits, the lag time that may occur before full
benefit is realized, and the therapy requirements (e.g.,
adjustment of deep brain stimulation settings)
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intervention at the onset of troubling symptoms—rather than after severe disability
and associated physical and psychosocial sequelae have ensued—seems prudent.

Patients with other primary dystonias can exhibit very favorable responses to
surgical treatment, but their less consistent and sometimes less robust response must
be factored into the decision-making process. Certainly, patients with idiopathic
cervical dystonia and other focal or regional dystonias potentially amenable to treat-
ment with chemodenervation should be treated optimally with botulinum toxin
before referral for brain surgery. If chemodenervation and oral pharmacotherapy
fail to provide sufficient benefit, then surgical intervention should be entertained.
Patients with tardive dystonias, owing to their often favorable response to DBS
therapy, should also be considered for surgical treatment when pharmacological
measures fall short.

Because of the less consistent and less dramatic response commonly encoun-
tered in patients with most nontardive, secondary dystonia syndromes, weighing of
the risk/benefit ratio and confirmation of realistic expectations is particularly impor-
tant in counseling such patients and their families. Even when modest improvements
occur in this group of patients, the results can be clinically meaningful.

CONCLUSIONS

The limited capacity of current pharmacological measures to adequately treat dystonia
makes the availability of surgical treatments important in the management of patients
with these disorders. In particular, the ability to modulate aberrant motor systems
activity using DBS offers an attractive option in the treatment of many patients with
pharmacoresistant dystonia. Neuromodulation strategies will undoubtedly continue
to evolve as the pathophysiology of dystonia becomes better understood, surgical
techniques become even more refined, and technological improvements in neuromodu-
lation therapies occur. In the meantime, using current procedures in appropriately
selected patients, surgical intervention can provide dramatic suppression of dystonic
symptoms and significant improvement in function.
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Cerebellar Purkinje cells, 85
Cerebral lesion, structural, 155
Cerebrospinal fluid analysis, 30
Cerebrovascular disease

antiphospholipid syndrome, 95
craniocerebral trauma, 95
parietal lobe stroke, 95

Ceruloplasmin, serum, 111
Cervical dystonia (CD)

anterecollis, treatment for, 335
Bertrand surgical procedure, 384
familial, 4
idiopathic, 272
iliocostalis cervicis, 338
intramuscular injections in, 379
phenol in, 377
selective peripheral denervation, 384
splenius capitis, 336
splenius cervicis, 337
sternocleidomastoid muscle (SCM) in, 334

Chemomyectomy, 129
Chorea-acanthocytosis, autosomal

recessive, 77
Chlordiazepoxide, 143
Cochleopalpebral reflex, 127
Cogentin1, 129

Comorbidities, psychiatric, 142
Complex regional pain syndrome (CRPS),

160, 287
Compound muscle action potential

(CMAP), 377
Cortical neurons, hyperexcitability, 126
Corticobasal degeneration (CBD), 77
Corticobasal ganglionic degeneration

(CBGD), 17, 111
Cranial–cervical dystonia, 124, 292

acoustic reflex in, 126
acute dystonia reaction, 267

Cranial dystonia, 311
pathophysiology of, 124

Craniocerebral trauma, 95
Creutzfeldt–Jakob disease, 80
Cricoarytenoid muscle, 183
Cytosolic translocation, 350

Deafness-dystonia syndrome, 110
Deep brain stimulation (DBS), 84, 100,

147, 169, 395, 397
postoperative management of, 398–399
therapy, 398

Dentatorubropallidoluysian atrophy
(DRPLA), 82

D-erythro tetrahydropterin, 230
Detoxifying enzyme, putative, 27
Diffusion tensor imaging, 99
Digastric muscle, 331
Dihydropteridin reductase deficiency,

recessive, 232
blood, biochemical examination of, 232
plasma biopterin, 232

Dopamine receptor
physiological effect of, 47
types of, 47

Dopamine receptor blocking agents
(DRBA), 81

Dopaminergic therapy, 304
Dopamine system, 96
Dopa positron emission tomography

(PET), 229
Dopa-responsive dystonia (DRD), 4, 109,

219, 303
guanosine triphosphate cyclohydrolase 1

(GTPCH1) gene, 97
parkinsonism, 229
vesicular monoamine transporter

(VMAT), 97
Dorsolateral precentral gyrus, 202
Dysesthesia, chronic, 115
Dysphagia, 360
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Dysport1, 145, 365–366, 357, 358
and Botox1, 363
dosing considerations of, 358

Dystonia
classification of, 21
clinical manifestations of, 141
epidemiology of, 11, 16
pathophysiology of, 2, 138
sensory–motor signs and symptoms, 142
types. See individual types of dystonia

Dystonia-plus syndromes
autosomal recessive, 30
pathology of, 69

DYT1 dystonia, brainstem pathology
in, 67

DYT1 transgenic mice, brainstem pathology
in, 67

DYT3 dystonia (X-linked dystonia-
parkinonism, LUBAG), 34

dystonic symptoms, 34
oromandibular dystonia, 35
putative tumor suppressor, 35

DYT5 dystonia
L-dopa therapy, 29
tetrahydrobiopterin, biosynthesis of, 30

DYT6 dystonia (adolescent onset with mixed
phenotype)

putamen and temporal cortex, 35
torsion dystonia loci, 36

DYT7 dystonia (adult onset, focal), 36
DYT8 dystonia (paroxysmal dystonia/

dyskinesia), 34
DYT9 dystonia (familial paroxysmal

dyskinesia), 36
DYT10 dystonia (paroxysmal kinesigenic

dystonia/dyskinesia, PKC), 36
DYT11 dystonia (and DYT15) myoclonus-

dystonia, 30
alcohol-responsive, 31
cerebellum, Purkinje cell layer of, 32
de novo mutations, identification

of, 33
dystrophin-glycoprotein complex,

components of, 32
mutation detection rate, 32
myoclonic dystonia, 31
polymerase chain reaction (PCR), 32
torsion dystonia, 31
transmembrane glycoprotein, 31

DYT12 dystonia, 33
mutations, genetic testing for, 34
orofacial dystonia, 33

DYT13 dystonia (multifocal/segmental
dystonia), 37

Electroconvulsive therapy, 271
Electroencephalogram brain mapping, 210
Electromyographic (EMG) recording, 140
Embouchure

anatomy, 195
dystonia, clinical features

of, 192
Encephalopathy

hypoxic, 111
mitochondrial, 80

Endosomal lysosomal proteins, 79
Epilepsy, 142

Fibrosis
of muscles and joints, 387
soft-tissue, 386

Focal dystonia
finger, identification of, 168
in gamma-aminobutyric acid

(GABA), 140
imaging studies in, 100
sensory dysfunction in, 140
somatosensory cortex for, 141

Focal hand dystonia, 155
distal and proximal muscles, 156
expression of, 160
idiopathic, diagnosis of, 161
medical description of, 160
symptoms of, 156

Focal laryngeal dystonia, 179
Focal task-specific dystonias (FTSDs), 189

diagnosis of, 197
Friedreich’s ataxia, 85
Frontal lobe syndrome, symptoms

of, 143

Gamma-aminobutyric acid (GABA), in focal
dystonia, 140

Gastrocnemius, injection of, 323
Genioglossus muscle, 332
Geste antagoniste, 100
Globus pallidus deep brain stimulation

(GPDBS), 400
Globus pallidus interna (GPi), 4, 116, 398
Globus pallidus (GP) lesions, 93
Glutaryl-CoA dehydrogenase, deficiency

of, 80
Guanosine triphosphate cyclohydrolase 1

(GTPCH1), 24
deficiency, 84
gene, 97

Guillain–Barre syndrome, 128
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Hallervorden–Spatz syndrome, 110
Hand dystonia, 192
Hartnup disease, 86
Hemidystonia, 109

etiologies of, 111
Hemifacial spasm (HFS), 121, 321, 358
Hemimasticatory spasm, 128
Hemispheric cerebral vascular disease, 127
Hereditary dystonia

forms of, 21–22, 33
features of, 27

Heredodegenerative diseases, 16
Homocystinuria, 85
Homovanillic acid (HVA), 223
Huntington’s disease (HD), 16, 70, 96,

127, 290
Hydrocephalus, obstructive, 128
5-Hydroxyindole acetic acid (5-HIAA), 230
5-Hydroxytryptamine (5-HT), 126, 309
Hyperphenylalaninemia (HPA), 230
Hyperprolactinemia, 234
Hypertension, arterial, 15
Hypomelanized dopaminergic neurons, 30
Hypoxanthine phosphoribosyl transferase,

mutation of, 80

Idiopathic cervical dystonia, 400
Idiopathic foot dystonia, 377
Idiopathic torsion dystonia (ITD), 108, 279,

286, 293
Inflammatory mucosal disease, 182
Intrathecal baclofen (ITB), 115, 274

Laryngeal dystonia, 11
Laryngeal muscles, intrinsic, 180
Leg and foot dystonia, 163
Leigh’s syndrome, 80
Levodopa

effect of, 223
therapy, 81, 234

Lidocaine
injection of, 115, 201
intravenous, 311

Limb dystonia, 164
botulinum toxin treatment, 166
electrical stimulation, 343
idiopathic, medications for, 169
medial gastrocnemius, 343
peripheral neuropathy, 164
posterior tibialis, 343

Limb segmental dystonia, 155
Locus coeruleus (LC), 67

Mediodorsal nuclei, 48
Meige’s syndrome, 195, 311
Mesencephalic locomotor region

(MLR), 68
Metachromatic leukodystrophy, 85
Metastatic adenocarcinoma, 126
Metoclopramide, 124
Mexiletine, 143
Minnesota Multiphasic Personality

Inventory, 291
Mohr–Tranebjaerg syndrome, 80
Monogenic dystonias, 22, 24, 27
Motor pattern generators (MPGs), 50
Motor point blocks, 378
Multiple system atrophy (MSA), 77, 96
Muscle(s)

classification of, 321
relaxation techniques, 130
See also individual muscles

Musculorum deformans, 2
Mutant proteins, degradation of, 29
Mylohyoid muscles, 332
MyoblocTM, 146, 359, 364
Myoclonus-dystonia syndrome, 4, 22, 220,

284, 311
Myofibrillogenesis regulator, 27

Nerve disorders, facial, 4
Nerve injury, 202
Nerve stimulation technique, 374
Neuroacanthocytosis syndrome, 77, 127
Neurobloc1, 355
Neurodegenerative disorders, 3, 77
Neurodegenerative disease, autosomal

recessive, 79
Neurogenic inflammation, 161
Neuroferritinopathy, 82
Neurofibrillary tangles (NFTs), 67
Neuroleptic medications, 198, 270
Neurological disorders, 293
Neurolysis, peripheral, 374
Neuromuscular junction (NMJ),

323, 347
disorders, 361

Neuronal ceroid lipofuscinosis, 79–80
Neuronal intranuclear (hyaline) inclusion

disease, 84
Neuroplasticity, aberrant, electrophysiologic

mapping techniques, 140
Neuropsychological tests, 290
Neurosis, occupational, 191
Neurosurgical techniques, stereotactic, 396
Neurotoxins, clostridial, 347
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Neurotransmitters
dysfunction, 143
types of, 48

Nigral dopamine neurons, 49
Nonmotor symptoms, 289
Nonsteroidal anti-inflammatory

medications, 161
Norflex1, 129
Nucleus ventralis lateralis (VL)

thalamotomy, 223

Obsessive compulsive symptoms, 121
Oculinum1, 355
Oculogyric crisis, 222
Oral drug therapy, 142
Oral medications, and voice therapy, 185–186
Orbicularis oculi

muscles, 127
myectomy, 129

Oromandibular dystonias (OMD), 1, 121,
192, 330

idiopathic, 272
muscle contractions in, 389
selective denervation, 389

Pallidoluysian atrophy, 82
Pallidotomy, 397
Pantothenate kinase associated

neurodegeneration (PKAN), 397
Parkinson’s disease (PD), 3, 93, 127, 163,

221, 395
early onset, 97
examination of, 283
idiopathic, 109

Paroxysmal dyskinesias, 65
Paroxysmal kinesigenic dystonia, 311
Parsidol1, 129
Pedunculopontine nucleus (PPN), 3, 48,

67, 228
Pervasive developmental disorder

(PDD), 142
Phenol

and botulinum neurotoxin, 378
clinical application, 376
in glycerin, 375
mechanism of action, 375
in pain treatment, 373
pathological studies of, 375
preparation of, 374
properties of, 374
therapeutic use of, 373
treatment, for neurological syndromes, 380

Phenylalanine-loading test, 228
Platysma, contraction of, 123
Posteroventral pallidotomy, 147, 227
Postsynaptic acetylcholine receptors, 353
Postsynaptic neurons, 47
Posttraumatic dystonia, 286, 390
Primary dystonia, 399–401

neuropathology of, 65
pathology of, 65–71

Primary pallidal degeneration, 82
Primary sensorimotor cortex, activation

of, 159
Primary torsion dystonia (PTD), 303
Progressive supranuclear palsy (PSP), 77
Psychogenic dystonia, 162–163

characteristics of, 280
classification of, 280
diagnosis of, 279, 286
psychological trauma, 281

Psychogenic movement disorder
classification of, 284
features of, 283

Psychopharmacologic therapy, 286
Psychosis, symptoms of, 273
Psychotropic medication, 140
Pteridin metabolism, disorders of, 229
Pterygoid muscle, lateral, 331
Putamen, lesions of, 52
Putative detoxifying enzyme, 27
6-Pyruvoyl-tetrahydropterin synthase

(PTPS), 30
deficiency, 230–231

Reglan1, 124
Relaxation therapy, 167
Repetitive stress injury (RSI), 161
Repetitive transcranial magnetic stimulation

(rTMS), 168
Respiratory tract infection, 15
Retrocollis, 386, 388
Retro-rotational torticollis, 385, 387
Riluzole, 143
Rotational torticollis, 388

electromyographic recording in, 385

Secondary dystonia, 401
Segmental dystonia, 163
Sensory dysfunction, in focal dystonia, 140
Sepiapterin reductase

haploinsufficiency of, 30
deficiency

oculogyric crisis, 231
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[Sepiapterin reductase]
tetrahydrobiopterin (BH4)

deficiency, 232
Serotonin, depletion of, 222
Serum ceruloplasmin, 111
Soluble N-ethylmaleimide sensitive fusion

protein attachment receptor
(SNARE), 349

Somatosensory evoked potential (SEP)
testing, 214

Somatosensory homunculus, 140
Spasmodic dysphonia (SD), 122, 179,

210, 359
Spasmodic torticollis

bilateral peripheral denervations for, 383
cervical nerves for, 383
Dandy–McKenzie procedure, 384
electromyographic (EMG) analysis, 384
physical therapy in, 389
recurrence of, 392
selective denervation procedure for, 391
surgical procedures for, 383

Spasticity, 373
in brain injury, 380

Spinocerebellar ataxias (SCAs), 84
Spiny neurons, dendritic spines of, 45
Sport-related dystonia, 214
Stereotactic brain surgery, 169
Sternocleidomastoid (SCM), 221, 326, 385

bilateral posterior denervations, 391
ipsilateral, 385
tenotomy, 383

Storm treatment, 314
Substantia nigra pars reticulata (SNpr), 45
Subthalamic nucleus, 45, 226
Superficial muscles, hypertrophied, 322
Supracranial magnetic stimulation, 224
Suprahyoid musculature, 331
Supranuclear palsy, diagnosis of, 95
Surgical techniques, 4, 146
Surgical treatment, 402–403

for abductor spasmodic dysphonia
(SD), 185

for cervical dystonia, 146, 390
for movement disorders, 4, 393
for spasmodic torticollis, 388
for torticollis, 381

Synaptic vesicles, exocytosis of, 347

Tardive dyskinesia (TD), 124, 272
Tardive dystonia, 273–274, 401
Tetanus toxin, 347
Tetrabenazine, 144

Tetrahydrobiopterin (BH4) treatment, 223
Tetrahydropterin deficiency, 230
Thalamocortical motor mechanisms, 50
Thalamotomy, 384

and pallidotomy, for dystonia
treatment, 396

Thalamus, lesions of, 85
Thyroarytenoid muscle, 186
Toronto Western Spasmodic Torticollis

Rating Scale (TWSTRS), 400
Torsion dystonia, 3
Torticollis

description of, 2
diagnosis of, 143
patients, 376
spasmodic, 383
types of, 385–386

Tourette’s syndrome, 139
Toxin

design of, 354
diffusion of, 183
tetanus, transport properties of, 355

Transcranial magnetic stimulation (TMS),
140, 159, 300

Transcutaneous electrical nerve stimulation
(TENS), 168

Traumatic brain injury (TBI), 95, 144
Tremor disorders, 395
Tyrosine hydroxylase (TH), 84, 219

activity of, 97
deficiency, autosomal recessive, 234, 219

Ulnar neuropathy, ipsilateral, 192
Unilateral limb dystonia, 17
Unilateral myoclonic dystonia, 29

Vanillylmandelic acid, 233
Ventral tegmental area (VTA), 49
Ventral thalamic nuclei, 143
Vertebral spinous process, 341
Vesicle fusion reaction, 352
Vesicular monoamine transporter

(VMAT), 97
Voice disorders, hyperfunctional, 180
Voxel-based morphometry (VBM), 96

Wilson’s disease, 78, 96, 111, 303

Xeomin1, 355
and Botox1, 356

X-linked dystonia parkinsonism, 110
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Figure 6.1 Intracellular inclusion bodies in DYT1 dystonia. In the brainstems of patients with
DYT1 dystonia and controls, antibodies to ubiquitinated proteins (A, B, C) and ubiquitin (D), show
low intracellular staining in controls (A), and intensely stained inclusion bodies in DYT1 dystonia 
(B, C, D). The chromogen is 3,3-diaminobenzidine (brown) and nuclei are counterstained with
hematoxylin (blue). (See p. 68)

Figure 6.2 Perinuclear inclusions in DYT1 dystonia. Top row; inclusion bodies contain ubiquitin
(red, Alexa Fluor 594) and are present in cholinergic neurons stained for cholineacetyl transferase
(ChAT; green, Alexa Fluor 488). Bottom row; inclusion bodies also contain the nuclear envelope
(NE) marker lamin A/C (red) and torsinA (green). Cell nuclei stained with blue (bisbenzimide,
Hoechst 3358). (See p. 69)
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