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ABSTRACT
Background: Spinocerebellar ataxia 21 (SCA21) is a rare neurological disorder caused 
by heterozygous variants in TMEM240. A growing, yet still limited number of reports 
suggested that hyperkinetic movements should be considered a defining component of 
the disease.

Case Series: We describe two newly identified families harboring the recurrent pathogenic 
TMEM240 p.Pro170Leu variant. Both index patients and the mother of the first proband 
developed movement disorders, manifesting as myoclonic dystonia and action-induced 
dystonia without co-occurring ataxia in one case, and pancerebellar syndrome complicated 
by action-induced dystonia in the other. We reviewed the literature on TMEM240 variants 
linked to hyperkinetic disorders, comparing our cases to described phenotypes.

Discussion: Adding to prior preliminary observations, our series highlights the relevance of 
hyperkinetic movements as clinically meaningful features of SCA21. TMEM240 mutation 
should be included in the differential diagnosis of myoclonic dystonia and ataxia-dystonia 
syndromes.
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INTRODUCTION

Spinocerebellar ataxia 21 (SCA21) is a rare autosomal 
dominant neurodegenerative disorder caused by de novo 
occurrence or inherited transmission of heterozygous 
pathogenic variants in the Transmembrane Protein 
240-encoding gene TMEM240 [1]. The defining clinical 
features of the disease are progressive ataxia, akinesia, 
oculomotor disturbances, and dysarthria, often associated 
with concurrent cerebellar atrophy. The age of onset is 
variable, ranging from childhood to early adulthood, and 
so are the rate of progression and the accompanying 
extracerebellar manifestations, which can include cognitive 
impairment and psychiatric symptoms [2, 3]. Hyperkinetic 
movement-disorder phenotypes in SCA21 have been 
increasingly rising to attention thanks to a series of recent 
contributions [2–5] which highlighted such presentations 
as more frequent than appreciated before. To date, two 
missense variants – p.Gly66Arg and p.Pro170Leu – have 
been the most consistently associated with hyperkinetic 
signs, including preliminary observations of myoclonus, 
action and postural tremor, and dystonia. In this work, we 
further outline the SCA21-related hyperkinetic movement-
disorder spectrum by describing two unrelated probands 
and the mother of one of them, all carrying the recurrent 
pathogenic substitution p.Pro170Leu and sharing a 
heterogeneous presentation of dystonic features.

CASE DESCRIPTIONS

The first proband was a 31-year-old man. He had an 
unremarkable pregnancy and perinatal history; his 
psychomotor development was normal. From the age of 
3 years, he developed a generalized myoclonus-dystonia 
disorder, which was initially most evident in the truncal and 
cervical regions, extending to the upper limbs, particularly 
while performing writing or drawing tasks with the right 
(dominant)-hand (Video 1, segment A, and B-limited 
to writing tasks). The patient attended school with a 
support teacher, and neuropsychological tests revealed 
impairments in executive functions (working memory, 
attention, concentration), inarticulate speech, dysgraphia, 
and dyslexia; during the late childhood, he developed 
impulsivity and anger management issues. His adjusted 
intellectual quotient (IQ), measured by the Form I of the 
Wechsler Adult Intelligence Scale (WAIS), scored 84 (at the 
lower limit of normal). He had severe difficulties in finding a 
suitable working role. Repeated neurological evaluations did 
not detect any ataxic or other cerebellar signs. Notably, his 
brain magnetic resonance imaging (MRI) was also normal, 
showing no signs of cerebellar, basal ganglia, hippocampus, 
or brainstem atrophy (Figure 1, Panels 1 and 2). The patient 

had no history of antipsychotic exposure. Before knowing 
the molecular diagnosis, gabapentin was selected as first 
line therapy and was administered in daily doses of 300 mg. 
Interestingly, the drug appeared to effectively and stably 
reduce the patient’s symptoms from generalized to mainly 
mild cervical-truncal myoclonic dystonia (Video 1, segment 
B; Figure 1, Panel 3). Specifically, a significant reduction 
in dystonic rapid movements with myoclonic features, 
involving the cranio-cervical and truncal regions and limbs, 
was observed a few months after the introduction of 
gabapentin. Because the patient felt comfortable with the 
symptom control achieved, to date no attempts have been 
made to modify his therapy with other drugs.

Family history of the first proband was positive for dystonia 
and ataxia in the maternal branch. His mother, who had 
no relevant medical history prior and whose development 
during childhood was reportedly normal, began manifesting 
neurological symptoms at 65 years of age, subjectively 
experiencing “internal tremors” in the lower limbs. Balance 
and gait impairment also appeared in the following 
months. Neurological examination at age 69 showed the 
presence of cerebellar signs (Video 2) with mild oculomotor 
disturbances, mild dysmetria and tremor in upper limbs and 
moderate dysmetria in lower limbs, and a broad-based gait 
with lower limbs action dystonia with myoclonic features 
(10/40 on the Scale for the Assessment and Rating of Ataxia 
– SARA). Notably, her speech was normal. Though she did 
not complain of any cognitive impairment, her adjusted Mini 
Mental State Examination score was 22.9/30. MRI showed 
the presence of cerebellar atrophy (Figure 2, Panel 1) and 

Video 1 Time-evolution of the neurological signs presented by the 
first proband. Two time periods are considered, referring to 2011, 
age 19 (segments A) (no neuropharmacological treatment), and 
to 2023, age 31, at the last available follow-up (segment B, under 
chronic treatment with Gabapentin 300 mg daily). Captions are 
embedded into the video. On note, the presence of diffuse dystonic 
rapid movements with myoclonic features with axial (cranio-
cervical and truncal) and limbs distribution (segment A), showing a 
significant reduction under gabaergic treatment (segment B).

https://vimeo.com/927014473
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Figure 1 Normality of Brain MRI of first family’s proband, showing absence of cerebellar atrophy (panel 1) and absence of atrophy of the 
body of the hippocampus (panel 2). A moderate task-specific tremor of writing and drawing is documented (panel 3).
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Figure 2 Panel 1. Brain MRI of the mother of the first family’s proband, showing prominent cerebellar atrophy, especially in the vermis. 
(A–C) T1-weighted images centered on the cerebellum on sagittal (A), coronal (B) and axial (C) planes; D) sagittal T2-weighted image. 
Panel 2. MRI study showing moderate bilateral atrophy of the body of the hippocampus. (A, B) Axial images centered on the hippocampi 
on T1-weighted (A, D) and IR-w (B, C) images.
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mild reduction in hippocampal volume (Figure 2, Panel 
2). The patient also underwent a study of motor cortices 
excitability with paired-pulse magnetic stimulation, using 
conditioning stimuli to modify the response to the test 
stimulus. Normally, short intervals (1–5 ms) between the 
two stimuli cause a reduction in magnetic evoked potential, 
while longer intervals (10–30 ms) elicit a larger response 
compared to test stimulus alone. The patient showed 
reduced inhibition and an increased response to facilitatory 
stimuli, possibly related to GABA circuitry dysfunction. EMG 
was unremarkable.

The second proband was referred as a 68-year-old man 
with a long history of cerebellar disease and manifestation 
of limb dystonia. He was born at term after an uneventful 
pregnancy, with normal birth parameters. The acquisition 
of motor milestones was reportedly slightly delayed. 
From the age of 14, he began displaying signs of a slowly 
progressive pancerebellar syndrome, which at its full 
extent included severe standing and gait ataxia, asynergia, 
adiadochokinesia, ocular movements disturbance, and 
dysarthria in the form of scanning speech. Neurological 
assessment also revealed bilateral action-induced 
dystonia in the upper extremities and the left leg (Video 3). 
His most recent brain MRI documented severe cerebellar 
atrophy. His cognitive skills deteriorated over time as well, 
evolving into severe dementia at the later stages of the 
disease.

Genomic sequencing analysis, performed according to 
established protocols and analysis pipelines [6], identified 
the TMEM240 NM_001114748.2: c.509C>T, p.(Pro170Leu) 
heterozygous pathogenic variant in both probands. Variant 
segregation in the first family confirmed the suspected 
pattern of maternal inheritance. Written informed consent 
for publication of the clinical, molecular, and visual data was 
obtained from both probands and from the mother of the first 
proband, as appropriate and according to ethical guidelines.

DISCUSSION AND CONCLUSIONS

As a relatively recent addition to the group of 
spinocerebellar ataxias, SCA21 has been associated with 
hyperkinetic movement disorders for the first time in 2019 
by Traschütz et al. [2], who described a small series of 
patients whose clinical presentations included myoclonic 
movements or action-induced tremor. Such observation 
was later confirmed by single cases reported by Riso et al. 
[3], Camargo et al. [4], and Cherian et al. [5], who extended 
the spectrum of the disorder to include myoclonic-
dystonic manifestations. Although a general association 
between hyperkinetic disorders and the broad category of 
spinocerebellar ataxias has long been acknowledged [7, 
8], a correct estimate of the relevance of such relationship 
in the context of SCA21 is still limited, mainly due to the 
overall small number of described cases. To date, a total 
of 10 individuals from 6 unrelated SCA21 families have 
been reported showing hyperkinetic manifestations (Table 
1). The two novel families described in this work represent 
a further, important validation of the phenotypic co-
occurrence of ataxia and dystonia/myoclonic dystonia in 

Video 2 The neurological signs of Family 1 proband’s mother are 
shown (referring to 2023, age 69): this lady displays fragmented 
pursuits, with increased latency and mild slowing of saccades. 
Dysarthria is not present. As demonstrated by the patient reciting 
the Italian sentence “Oggi è una bella giornata di sole” (“Today 
is a beautiful day”) and the Italian numbers 1 to 10: “uno, due, 
tre, quattro, cinque, sei, sette, otto, nove, dieci”. Slight dysmetria 
and tremor in upper limbs, moderate dysmetria in lower limbs, 
and a mildly broad-based and slowed gait with some difficulties 
in turning but without support, are shown. On note, lower limbs 
action dystonia activated by the gait is shown: lower limbs 
dystonic features do not occur while patient standing or walking 
backward. The tightrope walking is difficult, mainly due to the 
activation of lower limbs action dystonia with myoclonic features. 
The feet-together stance is maintained with mild oscillations; 
Romberg sign is positive. Captions are embedded into the video.

Video 3 Neurological assessment of the second proband. In the 
first segment, severe cerebellar dysarthria, cerebellar ataxia with 
adiadochokinesia and hypermetria on finger-to-finger test, and 
bilateral hand dystonia are observed. Oculomotor abnormalities 
including square wave jerks and oculomotor apraxia are evident. 
The second segment shows a very profound and unstable ataxic 
gait with a broad base and irregular steps. Dystonia of the left leg 
can also be seen.

https://vimeo.com/927014528
https://vimeo.com/927014564
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SCA21, as they add consistency to the observations from 
previous reports, while also enhancing our understanding 
of both intrafamilial and interfamilial phenotypic variations 
in TMEM240-related disorders.

Interestingly, the subset of SCA21-affected patients 
with hyperkinetic movements reported to date harbored 
either the p.Gly66Arg or the p.Pro170Leu recurrent 
pathogenic variants, raising the question whether non-
ataxic movement disorders could be specific to these 
two variants. However, it should be noted that almost 
every other disease-causing variant identified thus far in 
TMEM240 has been described only in single or single-family 
cases, making interpretations in this regard complicated. 
Nonetheless, the recognition of a growing number of cases 
caused by the same two variants represents a powerful 
opportunity to enhance our understanding of possible 
aetiopathological mechanisms and genotype-phenotype 
correlations of hyperkinetic movement disorders in SCA21.

Patients with the p.Gly66Arg substitution appear to 
show an earlier disease onset, while the age range of 
those carrying the p.Pro170Leu seems to be broader, 
spanning from childhood to even the sixth decade of life. 
Overall, hyperkinetic manifestations have been reported to 
occur predominantly in the upper limbs; however, a more 
generalized presentation, regardless of age, also appears 
to be possible, as demonstrated prominently by our first 
proband. The symptomatic burden is variable across 
patients, ranging from mild distal dystonia to generalized 
myoclonic dystonia. In this regard, allelic heterogeneity 
does not appear to be the primary factor, as the differences, 
both interfamilial and intrafamilial, among individuals with 
the same variant can be more pronounced than those 
between patients carrying different variants, especially 
when considering the overall SCA21 phenotype.

The first family of our series is a major example of such 
interfamilial variability, as the proband exhibited generalized 
myoclonic dystonia with no sign of cerebellar involvement 
or organic degeneration, while his mother presented only 
mild, action-induced lower limbs myoclonic dystonia, in the 
context of a more typical SCA21 progression. A difference 
can be seen also with respect to the other proband of our 
series, who, despite carrying the same p.Pro170Leu variant, 
displayed the full extent of both the hyperkinetic and 
the more typical cerebellar components of the disorder. 
In parallel, the very early-onset, generalized myoclonic 
dystonia phenotype developed by the first proband is 
reminiscent of those described by Riso and Cherian, who 
both carried the p.Gly66Arg variant. His clinical history, 
corroborated by normal neuroimaging findings, also 
supports the hypothesis, formulated by Cherian et al. in their 
report, that ataxia may be an unexpectedly inconsistent 
feature in SCA21 patients, greatly expanding the scope of 
differential diagnosis for this disorder. Conversely, the data 

at our disposal do not fully support another conclusion 
by the same authors regarding cognitive impairment, 
which they claimed to be a mandatory feature in SCA21 
patients with myoclonic dystonia: although the two oldest 
among our participants did eventually develop different 
degrees of cognitive decline, for most of their lifespan 
their psychomotor development and cognitive skills were 
considered normal or at the lower limits of normality. 
Unimpaired cognitive capabilities in SCA21 patients had 
been previously reported by Traschütz and Camargo.

Although the actual function of the TMEM240 
transmembrane protein is yet to be completely understood, 
a possible involvement in modulating ion channel function 
of neuronal synaptic membranes has been postulated, 
similarly to what observed in other SCAs caused by 
gain-of-function point mutations in channel-encoding 
genes [9]. In this regard, a direct or indirect influence on 
GABAergic transmission, which has been suggested to 
be reduced in SCA1 and is known to be involved in other 
genetic movement disorders primarily characterized 
myoclonic-dystonic manifestations [10], could represent 
the connecting factor between TMEM240 variants and 
hyperkinetic movement disorders in SCA21 patients. The 
good response to gabapentin showed by our first proband 
represents a supporting, although anecdotal, evidence 
to such hypothesis, and could encourage a new line of 
investigation on both the clinical and basic research sides.

In conclusion, the two families described in this paper 
contribute to the existing evidence that hyperkinetic 
movement disorders, especially dystonia and myoclonus, 
should be considered a relevant feature within the 
phenotypic spectrum of SCA21, particularly in relation to 
the recurrent p.Pro170Leu variant. They also exemplify the 
substantial variability, both intrafamilial and interfamilial, 
of the phenotypes associated with this condition. Such 
expanding clinical spectrum also broadens the range of 
differential diagnosis of SCA21, highlighting the importance 
of unbiased molecular approaches when investigating 
patients with a suspicion of either neurodegenerative 
disorder or movement disorder.

DATA ACCESSIBILITY STATEMENT

The data reported in this study are available upon 
reasonable request to the corresponding author.

ETHICS AND CONSENT

Ethical approval for genetic studies and publication of 
deidentified clinical and molecular data was obtained 
according to ethical guidelines.



8Sorrentino et al. Tremor and Other Hyperkinetic Movements DOI: 10.5334/tohm.858

We confirm that we have read the Journal’s position on 
issues involved in ethical publication and affirm that this work 
is consistent with those guidelines. The manuscript submitted 
for publication has been performed following ethical 
standards stated in the 1964 Declaration of Helsinki and its 
later amendments. Written informed consent was obtained 
from the patients for the publication of this case report and 
the publication of all iconographic and video materials.

ACKNOWLEDGEMENTS

The authors thank the patients and their families for 
consenting to participate in this report. Authors also 
thank Dr. Davide Rossi (Department of Diagnostics 
and Technology, Carlo Besta Institute of Milan) for the 
neurophysiological studies and Dr. Francesca M. Ferré 
MPsych for neuropsychological report on the first proband.

FUNDING INFORMATION

JW and MZ receive research support from the German 
Research Foundation (DFG 458949627; WI-1820/14-1; ZE 
1213/2-1). MZ acknowledges grant support by the European 
Joint Programme on Rare Diseases (EJP RD Joint Transnational 
Call 2022), and the German Federal Ministry of Education and 
Research (BMBF, Bonn, Germany), awarded to the project 
PreDYT (PREdictive biomarkers in DYsTonia, 01GM2302), by 
the Federal Ministry of Education and Research (BMBF) and 
the Free State of Bavaria under the Excellence Strategy of 
the Federal Government and the Länder, as well as by the 
Technical University of Munich – Institute for Advanced 
Study. M.Z. is a member of the Medical and Scientific Advisory 
Council of the Dystonia Medical Research Foundation and 
a member of the Governance Council of the International 
Cerebral Palsy Genomics Consortium. MZ`s research is 
supported by a “Schlüsselprojekt” grant from the Else Kröner-
Fresenius-Stiftung (2022_EKSE.185). RJ is supported by the 
National Institute for Neurological Research, Czech Republic, 
Programme EXCELES, ID Project No. LX22 NPO5107, funded 
by the European Union – Next Generation EU and also by the 
Charles University: Cooperation Program in Neuroscience. 
L.M.R. received research grant from the Italian Ministry of 
Health (GR-2009-1594645). B.G. received grant support 
by the Italian Ministry of Health (Ricerca Corrente) and by 
Fondazione Mariani (CM23).

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHOR CONTRIBUTIONS

Conceptualization, LMR and MZ; data curation, BG, MF, 
IC, JN; writing—original draft preparation, US and LMR; 
writing—review and editing, MZ; visualization, US, LMR 
and MZ; supervision, MZ and RJ; project administration, 
MZ and JW. All authors read and approved the final 
manuscript.

Ugo Sorrentino, Luigi M. Romito, Robert Jech and Michael 
Zech contributed equally to this work.

AUTHOR AFFILIATIONS

Ugo Sorrentino  orcid.org/0000-0001-8139-6198 

Clinical Genetics Unit, Department of Women’s and Children’s 

Health, University of Padova, Padova, Italy; Institute of 

Neurogenomics, Helmholtz Munich, Neuherberg, Germany; 

Institute of Human Genetics, Technical University of Munich, 

School of Medicine, Munich, Germany

Luigi M. Romito  orcid.org/0000-0002-6772-1035 

Parkinson and Movement Disorders Unit, Department of Clinical 

Neurosciences, Fondazione IRCCS Istituto Neurologico Carlo Besta, 

Milan, Italy

Barbara Garavaglia  orcid.org/0000-0003-4323-9145 

Medical Genetics and Neurogenetics Unit, Fondazione IRCCS 

Istituto Neurologico Carlo Besta, Milan, Italy

Mario Fichera  orcid.org/0000-0002-9609-3787 

Medical Genetics and Neurogenetics Unit, Fondazione IRCCS 

Istituto Neurologico Carlo Besta, Milan, Italy

Isabel Colangelo  orcid.org/0000-0001-6402-9417 

Medical Genetics and Neurogenetics Unit, Fondazione IRCCS 

Istituto Neurologico Carlo Besta, Milan, Italy

Holger Prokisch  orcid.org/0000-0003-2379-6286 

Institute of Neurogenomics, Helmholtz Munich, Neuherberg, 

Germany; Institute of Human Genetics, Technical University of 

Munich, School of Medicine, Munich, Germany

Juliane Winkelmann  orcid.org/0000-0002-3074-599X 

Institute of Neurogenomics, Helmholtz Munich, Neuherberg, 

Germany; Institute of Human Genetics, Technical University 

of Munich, School of Medicine, Munich, Germany; DZPG, 

Deutsches Zentrum für Psychische Gesundheit, Munich, 

Germany; Munich Cluster for Systems Neurology (SyNergy), 

Munich, Germany

Jan Necpal  orcid.org/0000-0002-4626-9588 

2nd Department of Neurology, Faculty of Medicine, Comenius 

University, Bratislava, Slovakia; Department of Neurology, Zvolen 

Hospital, Zvolen, Slovakia

Robert Jech  orcid.org/0000-0002-9732-8947 

Department of Neurology and Centre of Clinical Neuroscience, 

General University Hospital and First Faculty of Medicine, Charles 

University, Kateřinská 30, 12 800, Prague, Czech Republic

https://orcid.org/0000-0001-8139-6198
https://orcid.org/0000-0001-8139-6198
https://orcid.org/0000-0002-6772-1035
https://orcid.org/0000-0002-6772-1035
https://orcid.org/0000-0003-4323-9145
https://orcid.org/0000-0003-4323-9145
https://orcid.org/0000-0002-9609-3787
https://orcid.org/0000-0002-9609-3787
https://orcid.org/0000-0001-6402-9417
https://orcid.org/0000-0001-6402-9417
https://orcid.org/0000-0003-2379-6286
https://orcid.org/0000-0003-2379-6286
https://orcid.org/0000-0002-3074-599X
https://orcid.org/0000-0002-3074-599X
https://orcid.org/0000-0002-4626-9588
https://orcid.org/0000-0002-4626-9588
https://orcid.org/0000-0002-9732-8947
https://orcid.org/0000-0002-9732-8947


9Sorrentino et al. Tremor and Other Hyperkinetic Movements DOI: 10.5334/tohm.858

TO CITE THIS ARTICLE:
Sorrentino U, Romito LM, Garavaglia B, Fichera M, Colangelo I, Prokisch H, Winkelmann J, Necpal J, Jech R, Zech M. Myoclonus and Dystonia 
as Recurrent Presenting Features in Patients with the SCA21-Associated TMEM240 p.Pro170Leu Variant. Tremor and Other Hyperkinetic 
Movements. 2024; 14(1): 16, pp. 1–9. DOI: https://doi.org/10.5334/tohm.858

Submitted: 11 January 2024     Accepted: 23 March 2024     Published: 10 April 2024

COPYRIGHT:
© 2024 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited. See http://creativecommons.org/licenses/by/4.0/.

Tremor and Other Hyperkinetic Movements is a peer-reviewed open access journal published by Ubiquity Press.

Michael Zech  orcid.org/0000-0001-8112-9153 

Institute of Neurogenomics, Helmholtz Munich, Neuherberg, 

Germany; Institute of Human Genetics, Technical University 

of Munich, School of Medicine, Munich, Germany; Institute for 

Advanced Study, Technical University of Munich, Garching, 

Germany

REFERENCES

1.	 Delplanque J, Devos D, Huin V, Genet A, Sand O, Moreau C, 

et al. TMEM240 mutations cause spinocerebellar ataxia 21 

with mental retardation and severe cognitive impairment. 

Brain J Neurol. 2014 Oct; 137(Pt 10): 2657–63. DOI: https://

doi.org/10.1093/brain/awu202

2.	 Traschütz A, Van Gaalen J, Oosterloo M, Vreeburg M, 

Kamsteeg EJ, Deininger N, et al. The movement disorder 

spectrum of SCA21 (ATX-TMEM240): 3 novel families and 

systematic review of the literature. Parkinsonism Relat 

Disord. 2019 May; 62: 215–20. DOI: https://doi.org/10.1016/j.

parkreldis.2018.11.027

3.	 Riso V, Galatolo D, Barghigiani M, Galosi S, Tessa A, Ricca 

I, et al. A next generation sequencing-based analysis of a 

large cohort of ataxic patients refines the clinical spectrum 

associated with spinocerebellar ataxia 21. Eur J Neurol. 

2021 Aug; 28(8): 2784–8. DOI: https://doi.org/10.1111/

ene.14868

4.	 Camargo CHF, Piva-Silva AKC, Munhoz RP, Raskin S, Teive 

HAG. Spinocerebellar ataxia type 21 (TMEM240) with tremor 

and dystonia. Eur J Neurol [Internet]. 2021 Aug [cited 2023 

Nov 20]; 28(8). DOI: https://doi.org/10.1111/ene.14944

5.	 Cherian A, K P D, Vijayaraghavan A, Krishnan S. Pearls 

& Oy-sters: SCA21 Due to TMEM240 Variation Presenting 

as Myoclonus Dystonia Syndrome. Neurology. 2022 

Sep 20; 99(12): 531–4. DOI: https://doi.org/10.1212/

WNL.0000000000201015

6.	 Poggio E, Barazzuol L, Salmaso A, Milani C, 

Deligiannopoulou A, Cazorla ÁG, et al. ATP2B2 de novo 

variants as a cause of variable neurodevelopmental disorders 

that feature dystonia, ataxia, intellectual disability, behavioral 

symptoms, and seizures. Genet Med. 2023 Dec; 25(12): 

100971. DOI: https://doi.org/10.1016/j.gim.2023.100971

7.	 Van Gaalen J, Giunti P, Van De Warrenburg BP. Movement 

disorders in spinocerebellar ataxias. Mov Disord. 2011 Apr; 

26(5): 792–800. DOI: https://doi.org/10.1002/mds.23584

8.	 Pedroso JL, Carvalho AA, Escorcio Bezerra ML, Braga-

Neto P, Abrahão A, Albuquerque MVC, et al. Unusual 

movement disorders in spinocerebellar ataxias. Parkinsonism 

Relat Disord. 2013 Sep; 19(9): 834–5. DOI: https://doi.

org/10.1016/j.parkreldis.2013.04.012

9.	 Bushart DD, Shakkottai VG. Ion channel dysfunction in 

cerebellar ataxia. Neurosci Lett. 2019 Jan; 688: 41–8. DOI: 

https://doi.org/10.1016/j.neulet.2018.02.005

10.	 Menozzi E, Balint B, Latorre A, Valente EM, Rothwell 

JC, Bhatia KP. Twenty years on: Myoclonus-dystonia and 

ε-sarcoglycan – neurodevelopment, channel, and signaling 

dysfunction. Mov Disord Off J Mov Disord Soc. 2019 Nov; 

34(11): 1588–601. DOI: https://doi.org/10.1002/mds.27822

https://doi.org/10.5334/tohm.858
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8112-9153
https://orcid.org/0000-0001-8112-9153
https://doi.org/10.1093/brain/awu202
https://doi.org/10.1093/brain/awu202
https://doi.org/10.1016/j.parkreldis.2018.11.027
https://doi.org/10.1016/j.parkreldis.2018.11.027
https://doi.org/10.1111/ene.14868
https://doi.org/10.1111/ene.14868
https://doi.org/10.1111/ene.14944
https://doi.org/10.1212/WNL.0000000000201015
https://doi.org/10.1212/WNL.0000000000201015
https://doi.org/10.1016/j.gim.2023.100971
https://doi.org/10.1002/mds.23584
https://doi.org/10.1016/j.parkreldis.2013.04.012
https://doi.org/10.1016/j.parkreldis.2013.04.012
https://doi.org/10.1016/j.neulet.2018.02.005
https://doi.org/10.1002/mds.27822

