Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

Clinical Neurophysiology and Genetics of
Dystonia Diagnosis

Subijects: Clinical Neurology
Contributor: Lazzaro di Biase , Alessandro Di Santo , Maria Letizia Caminiti , Pasquale Maria Pecoraro , Simona

Paola Carbone , Vincenzo Di Lazzaro

Dystonia diagnosis is based on clinical examination performed by a neurologist with expertise in movement
disorders. Clues that indicate the diagnosis of a movement disorder such as dystonia are dystonic movements,
dystonic postures, and three additional physical signs (mirror dystonia, overflow dystonia, and geste
antagonists/sensory tricks). Despite advances in research, there is no diagnostic test with a high level of accuracy
for the dystonia diagnosis. Clinical neurophysiology and genetics might support the clinician in the diagnostic
process. Neurophysiology played a role in untangling dystonia pathophysiology, demonstrating characteristic
reduction in inhibition of central motor circuits and alterations in the somatosensory system. The neurophysiologic
measure with the greatest evidence in identifying patients affected by dystonia is the somatosensory temporal
discrimination threshold (STDT). Other parameters need further confirmations and more solid evidence to be
considered as support for the dystonia diagnosis. Genetic testing should be guided by characteristics such as age
at onset, body distribution, associated features, and coexistence of other movement disorders (parkinsonism,

myoclonus, and other hyperkinesia).

dystonia clinical diagnosis neurophysiology genetics

| 1. Introduction

Dystonia is a term used to identify hyperkinetic movement disorders in which dystonia is the prominent feature.
However, dystonia can also be present in other conditions. According to the etiology, dystonia can be distinguished
as acquired, inherited, or idiopathic. The diagnosis of dystonia is based on clinical examination conducted by
physicians with expertise in movement disorders through a careful examination of the phenomenology of the
condition that allows for a classification of dystonia. For the diagnosis of dystonia syndrome, the examiner should

follow the definition of dystonia approved in the last expert consensus [, articulated in three subdefinitions:

» Dystonia is a movement disorder characterized by sustained or intermittent muscle contractions causing

abnormal, often repetitive, movements, postures, or both.
» Dystonic movements are typically patterned, twisting, and may be tremulous.

» Dystonia is often initiated or worsened by voluntary action and associated with overflow muscle activation.
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The examiner should focus on the classic five physical signs of dystonia syndromes: two main physical signs
(dystonic movements and dystonic posture) and three additional physical signs (mirror dystonia, overflow dystonia

and geste antagonists/sensory tricks) 23],

The role of laboratory analysis, neuroimaging studies, neurophysiology, and genetic tests is to support the etiology

definition of the disease, according to the Axis Il of Dystonia classification 141,

| 2. Clinical Neurophysiology

Clinical neurophysiology techniques such as EMG mapping 2B allow clinicians to support the diagnosis of
dystonia and to explore the activity of individual muscles which is not always easy to achieve with a clinical
inspection alone. In addition, clinical neurophysiology with different techniques, such as transcranial magnetic
stimulation (TMS) B, transcranial direct current stimulation (tDCS) BI® or the newest transcranial focused
ultrasound stimulation (tFUS) RIILUIL2] gjjow clinicians to explore in a non-invasive way the brain functions In
recent years, these techniques have been widely used as tools to characterize distinctive features and improve
diagnostic accuracy for different movement disorders 181, particularly parkinsonian syndromes 14115161 tremor
syndromes R8I myoclonus 29, and dystonia 21, The literature includes several studies that use different
neurophysiological tests to assess dystonia 22, Despite the amount of evidence, most of the studies on dystonia
neurophysiology have a small sample size and focus on specific forms of dystonia (e.g., DYT-TOR1A); therefore,
results are not always generalizable to all forms of dystonia. Neurophysiology assessment is not formally included

in the diagnostic process Ll: however, neurophysiological tests can support the diagnosis.

Since the early 1980s, neurophysiology has been used to characterize dystonia pathophysiology. Most studies
were performed in focal hand dystonia (FHD) 22, At first, dystonia was classified as a basal ganglia (BG) disorder;
however, in recent years, evidence points to a disorder arising from a complex network system involving the
cerebral cortex (motor and sensory area), the basal ganglia, the brainstem, and the cerebellum 2324 syggesting
that is it possible that several structures could be simultaneously involved in the pathogenesis of dystonia subtypes
[23][24]

The electromyographic (EMG) pattern observed in dystonia patients records simultaneous activation of agonist and
antagonist muscles (co-contraction), prolonged duration of EMG bursts, and involuntary overflow activation of

muscles not directly involved in the movement [81123],

The most relevant neurophysiological feature shared by all dystonia subtypes is the reduced inhibition of central
motor circuits 22, This is demonstrated by characteristics in several structures: (1) at the subcortical level, a
reduction of presynaptic inhibition in the spinal cord has been reported in patients with FHD [28; (2) at the
brainstem level, - a reduced inhibition in the blink reflex recovery cycle in blepharospasm patients £ and an
impairment of the trigeminocervical reflex produced by infraorbital nerve stimulation in torticollis patients was noted
[28]: and (3) at the motor cortex level, a loss of inhibition was demonstrated with several transcranial magnetic

stimulation (TMS) protocols. Several studies reported abnormalities in dystonic patients of paired pulse protocol as
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short intracortical inhibitions (SICI), that is, an inhibition of motor cortex response produced by a subthreshold
conditioning stimulus followed by a supra-threshold stimulus. SICI is reduced in different subtypes of dystonia 22
[B0I31] Reduced transcallosal inhibition was also demonstrated in FHD patients with mirror dystonia. In these
patients, stimulation of one hemisphere does not suppress motor responses evoked by a stimulus delivered about
10 ms later over the contralateral hemisphere, as observed in normal subjects 2. Finally, the duration of the
cortical silent period (SP), the inhibition of ongoing muscular activity produced by a TMS pulse during muscle

contraction, is reduced in dystonic patients 23, and the lack of suppression could be related to some specific tasks
[34]

In recent years, the relevance of the cerebellum in dystonia’s pathophysiology has been investigated 22, The eye
blink classic conditioning (EBCC) protocols consist of electric stimulation of the supraorbital nerve. This protocol
that involves cerebellar circuits shows impairment in focal dystonia patients B8 while it is normal in inherited
dystonia caused by the DYT-TOR1A and DYT-THAP1 gene mutation 37,

Traditionally, dystonia was referred to as a motor disorder; however, several recent studies have provided evidence
on the role of the somatosensory system in dystonia pathogenesis. Several studies suggested that abnormalities in
the somatosensory system are present in almost all dystonic patients, and several neurophysiology tests
investigated these findings. The most relevant discovery is the abnormality in the somatosensory temporal
discrimination threshold (STDT) B8 STDT represents the shorter interval at which two different stimuli are
perceived as separate. Cervical dystonia (CD) patients have abnormally increased STDT, and the effect seems
higher in CD patients with tremor. In a validation study, 51 CD were compared to essential tremor (ET) patients and
Parkinson’s disease (PD) patients. The scholars found that compared to ET patients, if STDT is <67 ms, it has
100% sensitivity and 100% negative predictive value, while if STDT is 2120 ms, it has 100% specificity and 100%
positive predictive value to differentiate ET from CD. However, no statistically significant differences were found
between the PD and CD groups even though evidence suggests that STDT is normal in the early PD phase and

becomes abnormal in later stages, while STDT is abnormally increased from the first stages of dystonia disease.

Finally, another possible contribution to dystonic pathophysiology is represented by maladaptive plasticity.
Abnormal sensory-motor plasticity was demonstrated using a paradigm termed paired associative stimulation
(PAS) In this TMS protocol, cortical stimulation is paired with peripheral nerve stimulation at an interstimulus
interval of 25 ms resulting in long-term potentiation-like phenomenon (LTP). This form of LTP is pathologically
enhanced in FHD [22. Maladaptive plasticity could be a key factor in the development of dystonic symptoms and a
peculiar feature of dystonic patients as suggested by other studies that did not find the same increased plasticity in
DYT-TOR1A carrier subjects 2% and in psychogenic dystonia patients 2. A pronounced increase of PAS-related

plasticity was also reported in Costello syndrome, a genetic syndrome characterized by pronounced dystonia 42
[43],

Although all this evidence suggests that dystonia is a complex network disorder involving the brainstem, the basal
ganglia, the thalamus, the cortex, and the cerebellum 24 originally dystonia was referred to as basal ganglia

disease. Several trials point out that electrical modulation of the basal ganglia network through continuous deep
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brain stimulation (DBS) in internal globus pallidus (GPi) could improve generalized dystonia symptoms 44, DBS
electrodes were also used to invasively record synchronized neuronal activities, pointing out that in line with other
movement disorders, pathological basal ganglia oscillatory activities 42 can be found in dystonic patients 48471,
This invasive recording of local field potentials (LFP) of basal ganglia revealed that GPi and external globus palidus
(GPe) have a decreased discharge rate and irregular firing in dystonic patients 2849 |n addition, LFP studies
demonstrated that pallidus nuclei of dystonic patients show excessive synchronized activities in the 4-10 Hz

frequency band 47,

| 3. Dystonia Genetics

Dystonia genetics is a wide field with continuous updates. After the first description of DYT-TOR1A, several other
genes have been proposed as linked with the dystonia phenotype BY. As in other fields of genetics, after the first
years focused on the genetic marker, the focus is moving on to proteomics, searching the causal link between the
protein produced by these genes and the phenotype of dystonia. Camargos and Cardoso 21 proposed a model of
the “dystonia cell” linking the dystonic genes to the proteins function, based mainly on the classic DYT

nomenclature.

The classic DYT nomenclature is based on locus symbols (e.g., DYT 1) and has been used for several years. It is
still used in literature and clinical practice B2. However, the system of locus symbols has been challenged by
advances in technigues of genetics research that allow scholars to define the causative gene, as explained by
Marras et al. 23, and the need to renovate the nomenclature system has arisen. The MDS Task Force for the
Nomenclature of Genetic Movement Disorders proposed new recommendations, whose use in research and
clinical practice is strongly encouraged B4, This new nomenclature strictly connects the prefix to the predominant
phenotype and considers the causative gene rather than the locus symbols (e.g., DYT 1 is now named DYT-
TOR1A) 4. The prefix DYT is used only if dystonia is the prominent disease feature due to a pathogenetic mutation
341 Otherwise, if another movement disorder is a prominent feature along with dystonia, a double prefix would be
assigned (e.g., DYT/PARK-ATP1A3). Indeed, genetic dystonia can be isolated or combined with other movement

disorders such as parkinsonism, myoclonus, or other hyperkinesia (Figure 1).
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Figure 1. Isolated and combined genetic forms of dystonia 241,

Moreover, in the proposed nomenclature and in the last consensus update on dystonia, the term complex dystonia
is used, referring to conditions in which dystonia predominates the clinical phenotype but occurs in the context of a
complex disease including symptoms other than movement disorders (B4 For example, Wilson disease is named
according to the proposed nomenclature with a DYT prefix (DYT-ATP7B), and the same happens for Lesch—Nyhan
syndrome and other infantile and childhood onset disease 54 Given that most of isolated hereditary dystonia is
recognized as an autosomal dominant inheritance, the mode of transmission cannot be used as the only criterion

to make a differential diagnosis. To guide the clinician towards a genetic diagnosis of dystonia, at least clinical
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phenotype and age of onset should be considered. If dystonia dominates the clinical picture, one of the isolated
dystonias may be considered, and the gene mutations involved may be DYT-TOR1A, DYT-THAP1, DYT-GNAL,
DYT-ANO3, DYT-KMT2B, DYT-TUBB4A, DYT-HPCA, and DYT-PRKRA 33 The last-mentioned dystonia is a
controversial classification, as it is considered as combined dystonia by some scholars 28! and as isolated dystonia
by others 22!, Indeed, despite parkinsonism being described in about half the patients, it seemed to be caused not
by true parkinsonian features, but by slow movements of dystonic body parts 2. The isolated form of dystonia
could be distinguished according to the age of onset, body distribution, temporal pattern, associated features,
responses to drugs, response to DBS, and brain imaging. Regarding age of onset, in infancy, childhood, and
adolescence DYT-TOR1A, DYT-THAP1, DYT-KMT2B, DYT-TUBB4A, DYT-PRKRA, and DYT-HPCA are more
probable, while DYT-ANO3 and DYT-GNAL begin in early adulthood. In particular, DYT-ANO3 recognizes two
peaks of the age of onset: one in infancy/childhood and one in early-late adulthood 2. Age at onset may by
modified by several aspects, e.g., penetrance as is the case of DYT-TOR1A B7. Hence, age of onset alone cannot
be used as the only criteria to orient the diagnosis. According to body distribution, generalized forms of isolated
dystonia are mainly due to DYT-TOR1A, DYT-THAP1, DYT-KMT2B, DYT-HPCA, and DYT-PRKRA. Among these,
DYT-TOR1A, DYT-HPCA, and DYT-KMT2B usually begin in the lower limbs asymmetrically with secondary
generalization. In contrast, DYT-THAP1 may initiate in the upper part of the body, involving cranio—cervical districts,
speech difficulties, and the upper limbs, with successive generalizations 28, If DYT-TOR1A begins in the upper
limbs, it tends to be focal. Focal and segmental isolated dystonia are more likely caused by DYT-GNAL and DYT-
ANOS3. These two forms of dystonia typically begin at the cervical level and may cause head tremor 2, DYT-GNAL
may be suspected if age at onset is in early-late adulthood. In case of early involvement of craniofacial muscles
with laryngeal dystonia and speech difficulties, with secondary generalization involving the arms at younger ages,
DYT-ANO3 becomes more probable B2, Another peculiar form of isolated dystonia with focal distribution involving
the cervical district and causing spasmodic dysphonia is caused by DYT-TUBB4A. This focal form may
successively evolve into a generalized dystonia B2, Regarding the temporal pattern, except for the last-mentioned
dystonia, all the other isolated dystonia follows a persistent temporal pattern. Associated features may guide the
clinician in the differential diagnosis. The presence of additional phenotypic characteristic, such as microcephaly,
short stature, intellectual disability, abnormal eye movements, myoclonus, dysmorphisms, and psychiatric
symptoms, may be suggestive of DYT-KMT2B 3. Thin face, body habitus, and hobby horse gait are described in
the DYT-TUBB4A 89, None of the isolated forms of dystonia respond to L-Dopa; DYT-TOR1A, DYT-THAP1, DYT-
ANO3, DYT-KMT2B, and DYT-HPCA may respond to anticholinergics 2. Response to alcohol is described in
DYT-GNAL and DYT-TUBBA4A. It is important to define the genetic etiology of the dystonia because response to
DBS varies according to the genetic conditions, and this is an important prognostic factor to be considered when

selecting patients for advanced therapy.

Combined dystonia is characterized by the coexistence of another movement disorder in addition to dystonia. The
association of dystonia with parkinsonism defines dystonia—parkinsonism. The monogenic forms of dystonia—
parkinsonism are DYT/PARK-GCH1, DYT/PARK-TH, DYT/PARK-TAF1, and DYT/PARK-ATP1A3 581, Contrary to
what has been observed for isolated dystonia, combined dystonia recognizes a different mode of inheritance:
autosomal dominant inheritance is characteristic of DYT/PARK-GCH1 and DYT/PARK-ATP1A3, while autosomal
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recessive inheritance is typical of DYT/PARK-TH. X-linked transmission characterizes DYT/PARK-TAF1 (also
known as Lubag syndrome). Among this, it is of paramount importance to diagnose the dopa-responsive dystonia,
DYT/PARK-GCH1. Indeed, patients have excellent and sustained response to L-Dopa 1. Another form of
combined dystonia with response to L-Dopa is DYT/PARK-TH. These two forms of dystonia—parkinsonism may be
differentiated according to age of onset, as DYT/PARK-GCHL1 begins in infancy/childhood, while DYT/PARK-TH
may initiate in infancy. Moreover, diurnal fluctuations of parkinsonian symptoms due to circadian variations in
dopamine concentration are more pronounced in DYT/PARK-GCH1 than in DYT/PARK-TH 621,

DYT/PARK TAFL1 differs from the previous mentioned strains for the age of onset, body distribution of dystonia, and
neuroimaging. This form of combined dystonia begins in early to late adulthood and, contrary to DYT/PARK-GCH1
that begins with foot dystonia and then progress cranially, DYT/PARK TAF1 involves mainly the upper body, with
characteristic jaw opening dystonia and bulbar involvement. Another difference with respect to the dopa-responsive
dystonia is the absence of diurnal fluctuation. Brain imaging shows striatal atrophy and pallidum volume loss,
considered an expression of the neurodegenerative nature of the disease. This form recognizes an X-linked

transmission, hence is more frequent in males [62(631[64](65]

Combined dystonia also encompasses dystonia associated with myoclonus and other hyperkinetic disorders. To
date, two forms of dystonia—myoclonus have received confirmations: DYT-SGCE and DYT-KCTD17. These
diseases have several features in common: age of onset is in the first or second decade of life, myoclonic jerks
involve the upper body, and in DYT-SGCE also the neck may be involved. In both diseases, dystonia affects the
upper part of the body, with involvement of upper limbs and the cranio-cervical region. If in DYT-SGCE myoclonic
jerks dominates the clinical picture, in DYT-KCTD17 dystonia seems to be the prominent feature. Interestingly,

DYT-SGCE myoclonic symptoms respond to alcohol, while in DYT-KCTD17 this response is absent (28166,

Dystonia may coexist with other hyperkinetic disorders, such as chorea, as observed in several forms of complex
dystonia. Marras et al. 24 also classify CHOR/DYT-ADCY5 as combined dystonia. This disease is characterized by
a plethora of hyperkinetic disorders, such as chorea, dystonia, and myoclonus, beginning in early childhood and
with a characteristic fluctuating or paroxysmal course. Interestingly, symptoms do not disappear during sleep,
resulting in significant disturbances, and may respond to caffeine (78] Response to DBS is lower than in other

form of monogenic dystonia (62,

References

1. Albanese, A.; Bhatia, K.; Bressman, S.B.; DeLong, M.R.; Fahn, S.; Fung, V.S.; Hallett, M.;
Jankovic, J.; Jinnah, H.A.; Klein, C.; et al. Phenomenology and classification of dystonia: A
consensus update. Mov. Disord. 2013, 28, 863—-873.

2. Albanese, A,; Lalli, S. Is this dystonia? Mov. Disord. 2009, 24, 1725-1731.

https://encyclopedia.pub/entry/26749 7/13



Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

10.
11.

12.

13.

14.

15.

16.

17.

. Albanese, A.; Di Giovanni, M.; Lalli, S. Dystonia: Diagnosis and management. Eur. J. Neurol.

2018, 26, 5-17.

. Di Biase, L.; Di Santo, A.; Caminiti, M.L.; Pecoraro, P.M.; Di Lazzaro, V. Classification of Dystonia.

Life 2022, 12, 206.

. Van Gerpen, J.A.; Matsumoto, J.Y.; Ahlskog, J.E.; Maraganore, D.M.; McManis, P.G. Utility of an

EMG mapping study in treating cervical dystonia. Muscle Nerve 2000, 23, 1752-1756.

. Edwards, M.J.; Talelli, P.; Rothwell, J.C. Clinical applications of transcranial magnetic stimulation

in patients with movement disorders. Lancet Neurol. 2008, 7, 827-840.

. Chen, R.; Cros, D.; Curra, A.; Di Lazzaro, V.; Lefaucheur, J.-P.; Magistris, M.R.; Mills, K.; Rosler,

K.M.; Triggs, W.J.; Ugawa, Y.; et al. The clinical diagnostic utility of transcranial magnetic
stimulation: Report of an IFCN committee. Clin. Neurophysiol. 2008, 119, 504-532.

. Fregni, F.; Boggio, P.S.; Santos, M.C.; Lima, M.; Vieira, A.L.; Rigonatti, S.P.; Silva, M.T.A.;

Barbosa, E.R.; Nitsche, M.A.; Pascual-Leone, A. Noninvasive cortical stimulation with transcranial
direct current stimulation in Parkinson’s disease. Mov. Disord. 2006, 21, 1693-1702.

. Ferrucci, R.; Mameli, F.; Ruggiero, F.; Priori, A. Transcranial direct current stimulation as treatment

for Parkinson’s disease and other movement disorders. Basal Ganglia 2015, 6, 53—-61.
Darrow, D.P. Focused Ultrasound for Neuromodulation. Neurotherapeutics 2019, 16, 88-99.

Di Biase, L.; Falato, E.; Di Lazzaro, V. Transcranial Focused Ultrasound (tFUS) and Transcranial
Unfocused Ultrasound (tUS) Neuromodulation: From Theoretical Principles to Stimulation
Practices. Front. Neurol. 2019, 10, 549.

Di Biase, L.; Falato, E.; Caminiti, M.L.; Pecoraro, P.M.; Narducci, F.; Di Lazzaro, V. Focused
Ultrasound (FUS) for Chronic Pain Management: Approved and Potential Applications. Neurol.
Res. Int. 2021, 2021, 1-16.

Hallett, M. Chapter 1 Movement disorders: Overview. In Handbook of Clinical Neurophysiology;
Elsevier: Amsterdam, The Netherlands, 2003; pp. 3—4.

Bologna, M.; Suppa, A.; Di Stasio, F.; Conte, A.; Fabbrini, G.; Berardelli, A. Neurophysiological
studies on atypical parkinsonian syndromes. Park. Relat. Disord. 2017, 42, 12-21.

Valls-Solé, J. Neurophysiological characterization of parkinsonian syndromes. Neurophysiol. Clin.
Neurophysiol. 2000, 30, 352-367.

Valls-Solé, J.; Valldeoriola, F. Neurophysiological correlate of clinical signs in Parkinson’s disease.
Clin. Neurophysiol. 2002, 113, 792-805.

Di Biase, L.; Brittain, J.-S.; Shah, S.A.; Pedrosa, D.; Cagnan, H.; Mathy, A.; Chen, C.C.; Martin-
Rodriguez, J.F.; Mir, P.; Timmerman, L.; et al. Tremor stability index: A new tool for differential

https://encyclopedia.pub/entry/26749 8/13



Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

diagnosis in tremor syndromes. Brain 2017, 140, 1977-1986.

Di Pino, G.; Formica, D.; Melgari, J.M.; Taffoni, F.; Salomone, G.; di Biase, L.; Caimo, E.; Vernieri,
F.; Guglielmelli, E. Neurophysiological bases of tremors and accelerometric parameters analysis.
In Proceedings of the 2012 4th IEEE RAS & EMBS International Conference on Biomedical
Robotics and Biomechatronics (BioRob), Rome, Italy, 24-27 June 2012; pp. 1820-1825.

Deuschl, G.; Krack, P.; Lauk, M.; Timmer, J. Clinical Neurophysiology of Tremor. J. Clin.
Neurophysiol. 1996, 13, 110-121.

Caviness, J.N. Chapter 32 The clinical neurophysiology of myoclonus. In Handbook of Clinical
Neurophysiology; Hallett, M., Ed.; Elsevier: Amsterdam, The Netherlands, 2003; pp. 521-548.

Kaji, R. Chapter 28 Dystonia. In Handbook of Clinical Neurophysiology; Hallett, M., Ed.; Elsevier:
Amsterdam, The Netherlands, 2003; pp. 451-461.

Hallett, M. Neurophysiology of dystonia: The role of inhibition. Neurobiol. Dis. 2011, 42, 177-184.

Conte, A.; Rocchi, L.; Latorre, A.; Belvisi, D.; Rothwell, J.C.; Berardelli, A. Ten-Year Reflections on
the Neurophysiological Abnormalities of Focal Dystonias in Humans. Mov. Disord. 2019, 34,
1616-1628.

Latorre, A.; Rocchi, L.; Bhatia, K.P. Delineating the electrophysiological signature of dystonia.
Exp. Brain Res. 2020, 238, 1685-1692.

Rothwell, J.C.; Obeso, J.A.; Day, B.L.; Marsden, C.D. Pathophysiology of dystonias. Adv. Neurol.
1983, 39, 851-863.

Nakashima, K.; Rothwell, J.C.; Day, B.L.; Thompson, P.D.; Shannon, K.; Marsden, C.D.
Reciprocal inhibition between forearm muscles in patients with writer’'s cramp and other
occupational cramps, symptomatic hemidystonia and hemiparesis due to stroke. Brain 1989, 112,
681-697.

Berardelli, A.; Rothwell, J.; Day, B.L.; Marsden, C.D. Pathophysiology of blepharospasm and
oromandibular dystonia. Brain 1985, 108, 593-608.

Quartarone, A.; Girlanda, P.; Di Lazzaro, V.; Majorana, G.; Battaglia, F.; Messina, C. Short latency
trigemi-no-sternocleidomastoid response in muscles in patients with spasmodic torticollis and
blepharospasm. Clin. Neurophysiol. 2000, 111, 1672-1677.

Huang, Y.-Z.; Rothwell, J.; Lu, C.-S.; Wang, J.-J.; Chen, R.-S. Restoration of motor inhibition
through an abnormal premotor-motor connection in dystonia. Mov. Disord. 2010, 25, 696—703.

Espay, A.; Morgante, F.; Purzner, J.; Gunraj, C.A.; Lang, A.; Chen, R. Cortical and spinal
abnormalities in psychogenic dystonia. Ann. Neurol. 2006, 59, 825-834.

https://encyclopedia.pub/entry/26749 9/13



Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Di Lazzaro, V.; Oliviero, A.; Profice, P.; Dileone, M.; Pilato, F.; Insola, A.; Della Marca, G.; Tonali,
P.; Mazzone, P. Reduced cerebral cortex inhibition in dystonia: Direct evidence in humans. Clin.
Neurophysiol. 2009, 120, 834-839.

Beck, S.; Shamim, E.A.; Richardson, S.P.; Schubert, M.; Hallett, M. Inter-hemispheric inhibition is
impaired in mirror dystonia. Eur. J. Neurosci. 2009, 29, 1634-1640.

Chen, R.; Wassermann, E.M.; Cafos, M.; Hallett, M. Impaired inhibition in writer's cramp during
voluntary muscle activation. Neurology 1997, 49, 1054-1059.

Tinazzi, M.; Farina, S.; Edwards, M.; Moretto, G.; Restivo, D.; Fiaschi, A.; Berardelli, A.
Task—-specific impairment of motor cortical excitation and inhibition in patients with writer’'s cramp.
Neurosci. Lett. 2005, 378, 55-58.

Bologna, M.; Berardelli, A. The cerebellum and dystonia. Handb. Clin. Neurol. 2018, 155, 259—
272.

Kojovic, M.; Pareeés, |.; Kassavetis, P.; Palomar, F.J.; Mir, P.; Teo, J.; Cordivari, C.; Rothwell, J.;
Bhatia, K.; Edwards, M.J. Secondary and primary dystonia: Pathophysiological differences. Brain
2013, 136, 2038-2049.

Sadnicka, A.; Teo, J.; Kojovic, M.; Pareés, |.; Saifee, T.A.; Kassavetis, P.; Schwingenschuh, P.;
Katschnig—Winter, P.; Stamelou, M.; Mencacci, N.E.; et al. All in the blink of an eye: New insight
into cerebellar and brainstem function in DYT1 and DYT6 dystonia. Eur. J. Neurol. 2014, 22, 762—
767.

Conte, A.; Ferrazzano, G.; Belvisi, D.; Manzo, N.; Battista, E.; Voti, P.L.; Nardella, A.; Fabbrini, G.;
Berardelli, A. Somatosensory temporal discrimination in Parkinson’s disease, dystonia and
essential tremor: Pathophysiological and clinical implications. Clin. Neurophysiol. 2018, 129,
1849-1853.

Quartarone, A.; Bagnato, S.; Rizzo, V.; Siebner, H.R.; Dattola, V.; Scalfari, A.; Morgante, F.;
Battaglia, F.; Romano, M.; Girlanda, P. Abnormal associative plasticity of the human motor cortex
in writer’s cramp. Brain 2003, 126, 2586—2596.

Edwards, M.J.; Huang, Y.-Z.; Mir, P.; Rothwell, J.; Bhatia, K.P. Abnormalities in motor cortical
plasticity differentiate manifesting and nonmanifesting DYT1 carriers. Mov. Disord. 2006, 21,
2181-2186.

Quartarone, A.; Rizzo, V.; Terranova, C.; Morgante, F.; Schneider, S.; Ibrahim, N.; Girlanda, P.;
Bhatia, K.P.; Rothwell, J.C. Abnormal sensorimotor plasticity in organic but not in psychogenic
dystonia. Brain 2009, 132, 2871-2877.

Dileone, M.; Profice, P.; Pilato, F.; Alfieri, P.; Cesarini, L.; Mercuri, E.; Leoni, C.; Tartaglia, M.; Di
lorio, R.; Zampino, G.; et al. Enhanced human brain associative plasticity in Costello syndrome. J.
Physiol. 2010, 588, 3445-3456.

https://encyclopedia.pub/entry/26749 10/13



Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Dileone, M.; Zampino, G.; Profice, P.; Pilato, F.; Leoni, C.; Ranieri, F.; Capone, F.; Tartaglia, M.;
Brown, P.; Di Lazzaro, V. Dystonia in Costello syndrome. Park. Relat. Disord. 2012, 18, 798—-800.

Pifia-Fuentes, D.; Beudel, M.; Little, S.; van Zijl, J.; Elting, J.W.; Oterdoom, D.L.M.; van Egmond,
M.E.; van Dijk, J.M.C.; Tijssen, M.A.J. Toward adaptive deep brain stimulation for dystonia.
Neurosurg. Focus 2018, 45, E3.

Assenza, G.; Capone, F.; di Biase, L.; Ferreri, F.; Florio, L.; Guerra, A.; Marano, M.; Paolucci, M.;
Ranieri, F.; Salomone, G. Oscillatory activities in neurological disorders of elderly: Biomarkers to
target for neuromodulation. Front. Aging Neurosci. 2017, 9, 189.

Silberstein, P.; Kiihn, A.A.; Kupsch, A.; Trottenberg, T.; Krauss, J.K.; Wo6hrle, J.C.; Mazzone, P.;
Insola, A.; Di Lazzaro, V.; Oliviero, A.; et al. Patterning of globus pallidus local field potentials
differs between Parkinson’s disease and dystonia. Brain 2003, 126, 2597-2608.

Chen, C.C.; Kuhn, A.A.; Trottenberg, T.; Kupsch, A.; Schneider, G.-H.; Brown, P. Neuronal activity
in globus pallidus interna can be synchronized to local field potential activity over 3—12 Hz in
patients with dystonia. Exp. Neurol. 2006, 202, 480—486.

Starr, P.A.; Rau, G.M.; Davis, V.; Marks, W.J.; Ostrem, J.L.; Simmons, D.; Lindsey, N.; Turner, R.
Spontaneous Pallidal Neuronal Activity in Human Dystonia: Comparison With Parkinson’s
Disease and Normal Macaque. J. Neurophysiol. 2005, 93, 3165-3176.

Vitek, J.L.; Delong, M.R.; Starr, P.A.; Hariz, M.l.; Metman, L.V. Intraoperative neurophysiology in
DBS for dystonia. Mov. Disord. 2011, 26, S31-S36.

Bressman, S.B. Dystonia genotypes, phenotypes, and classification. Adv. Neurol. 2004, 94, 101
107.

Camargos, S.; Cardoso, F. Understanding dystonia: Diagnostic issues and how to overcome
them. Arg. Neuropsiquiatr. 2016, 74, 921-936.

Kramer, P.L.; De Leon, D.; Ozelius, L.; Risch, N.; Bressman, S.B.; Brin, M.F.; Schuback, D.E.;
Burke, R.E.; Kwiatkowski, D.J.; Shale, H.; et al. Dystonia gene in Ashkenazi Jewish population is
located on chromosome 9g32-34. Ann. Neurol. 1990, 27, 114-120.

Marras, C.; Lohmann, K.; Lang, A.; Klein, C. Fixing the broken system of genetic locus symbols:
Parkinson disease and dystonia as examples. Neurology 2012, 78, 1016-1024.

Marras, C.; Lang, A.; Van De Warrenburg, B.P.; Sue, C.M.; Tabrizi, S.J.; Bertram, L.; Mercimek-
Mahmutoglu, S.; Ebrahimi-Fakhari, D.; Warner, T.; Durr, A.; et al. Nomenclature of genetic
movement disorders: Recommendations of the international Parkinson and movement disorder
society task force. Mov. Disord. 2016, 31, 436—-457.

Lange, L.M.; Junker, J.; Loens, S.; Baumann, H.; Olschewski, L.; Schaake, S.; Madoev, H.;
Petkovic, S.; Kuhnke, N.; Kasten, M.; et al. Genotype—Phenotype Relations for Isolated Dystonia

https://encyclopedia.pub/entry/26749 11/13



Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Genes: MDSGene Systematic Review. Mov. Disord. 2021, 36, 1086-1103.

Weissbach, A.; Saranza, G.; Domingo, A. Combined dystonias: Clinical and genetic updates. J.
Neural Transm. 2020, 128, 417-429.

Risch, N.J.; Bressman, S.B.; Senthil, G.; Ozelius, L.J. Intragenic Cis and Trans Modification of
Genetic Susceptibility in DYT1 Torsion Dystonia. Am. J. Hum. Genet. 2007, 80, 1188-1193.

Djarmati, A.; A Schneider, S.; Lohmann, K.; Winkler, S.; Pawlack, H.; Hagenah, J.; Brliggemann,
N.; Zittel, S.; Fuchs, T.; Rakovic, A.; et al. Mutations in THAP1 (DYT6) and generalised dystonia
with prominent spasmodic dysphonia: A genetic screening study. Lancet Neurol. 2009, 8, 447—
452.

Hersheson, J.; Mencacci, N.E.; Davis, M.; Macdonald, N.; Trabzuni, D.; Ryten, M.; Pittman, A.;
Paudel, R.; Kara, E.; Fawcett, K.; et al. Mutations in the autoregulatory domain of B-tubulin 4a
cause hereditary dystonia. Ann. Neurol. 2012, 73, 546-553.

Wilcox, R.A.; Winkler, S.; Lohmann, K.; Klein, C. Whispering dysphonia in an Australian family
(DYT4): A clinical and genetic reappraisal. Mov. Disord. 2011, 26, 2404—-2408.

Ichinose, H.; Ohye, T.; Takahashi, E.-1.; Seki, N.; Hori, T.-A.; Segawa, M.; Nomura, Y.; Endo, K.;
Tanaka, H.; Tsuji, S.; et al. Hereditary progressive dystonia with marked diurnal fluctuation caused
by mutations in the GTP cyclohydrolase | gene. Nat. Genet. 1994, 8, 236—-242.

Makino, S.; Kaji, R.; Ando, S.; Tomizawa, M.; Yasuno, K.; Goto, S.; Matsumoto, S.; Tabuena,
M.D.; Maranon, E.; Dantes, M.; et al. Reduced Neuron-Specific Expression of the TAF1 Gene Is
Associated with X-Linked Dystonia-Parkinsonism. Am. J. Hum. Genet. 2007, 80, 393-406.

Lee, L.V.; Pascasio, F.M.; Fuentes, F.D.; Viterbo, G.H. Torsion dystonia in Panay, Philippines. Adv.
Neurol. 1976, 14, 137-151.

Briggemann, N.; Heldmann, M.; Klein, C.; Domingo, A.; Rasche, D.; Tronnier, V.; Rosales, R.L.;
Jamora, R.D.G.; Lee, L.V.; Munte, T.F. Neuroanatomical changes extend beyond striatal atrophy
in X-linked dystonia parkinsonism. Park. Relat. Disord. 2016, 31, 91-97.

Song, P.C.; Le Bs, H.; Acuna, P.; De Guzman, J.K.P.; Sharma, N.; Ba, T.N.F.; Dy, M.E.; Go, C.L.
Voice and swallowing dysfunction in X-linked dystonia parkinsonism. Laryngoscope 2019, 130,
171-177.

Mencacci, N.E.; Rubio-Agusti, I.; Zdebik, A.; Asmus, F.; Ludtmann, M.H.; Ryten, M.; Plagnol, V.;
Hauser, A.-K.; Bandres-Ciga, S.; Bettencourt, C.; et al. A Missense Mutation in KCTD17 Causes
Autosomal Dominant Myoclonus—Dystonia. Am. J. Hum. Genet. 2015, 96, 938-947.

Ferrini, A.; Steel, D.; Barwick, K.; Kurian, M.A. An Update on the Phenotype, Genotype and
Neurobiology of ADCY5-Related Disease. Mov. Disord. 2021, 36, 1104-1114.

https://encyclopedia.pub/entry/26749 12/13



Clinical Neurophysiology and Genetics of Dystonia Diagnosis | Encyclopedia.pub

68. Méneret, A.; Gras, D.; McGovern, E.; Roze, E. Caffeine and the Dyskinesia Related to Mutations
in the ADCY5 Gene. Ann. Intern. Med. 2019, 171, 439.

69. Artusi, C.A.; Dwivedi, A.; Romagnolo, A.; Bortolani, S.; Marsili, L.; Imbalzano, G.; Sturchio, A.;
Keeling, E.G.; Zibetti, M.; Contarino, M.F.; et al. Differential response to pallidal deep brain
stimulation among monogenic dystonias: Systematic review and meta—analysis. J. Neurol.
Neurosurg. Psychiatry 2020, 91, 426-433.

Retrieved from https://encyclopedia.pub/entry/history/show/64919

https://encyclopedia.pub/entry/26749 13/13



