
3. Troster AI, Pahwa R, Fields JA, Tanner CM, Lyons KE. Quality of
life in Essential Tremor Questionnaire (QUEST): development and
initial validation. Parkinsonism Relat Disord 2005;11(6):367–373.

4. Zesiewicz TA, Elble RJ, Louis ED, et al. Evidence-based guideline
update: treatment of essential tremor: report of the Quality Stan-
dards subcommittee of the American Academy of Neurology. Neu-
rology 2011;77(19):1752–1755.

5. Haubenberger D, Hallett M. Essential tremor. N Engl J Med 2018;
378(19):1802–1810.

6. Louis ED. Tremor. Continuum (Minneap Minn) 2019;25(4):
959–975.

7. Park YG, Kim J, Kim D. The potential roles of T-type Ca2+ chan-
nels in motor coordination. Front Neural Circuits 2013;7:172.

8. Gironell A, Marin-Lahoz J. Ethosuximide for essential tremor: an
open-label trial. Tremor Other Hyperkinet Mov (N Y) 2016;6:378.

9. Handforth A. Harmaline tremor: underlying mechanisms in a poten-
tial animal model of essential tremor. Tremor Other Hyperkinet
Mov (N Y) 2012;2: 02-92-769-761.

10. Park YG, Park HY, Lee CJ, et al. Ca(V)3.1 is a tremor rhythm pace-
maker in the inferior olive. Proc Natl Acad Sci U S A 2010;107(23):
10731–10736.

11. Handforth A, Homanics GE, Covey DF, et al. T-type calcium chan-
nel antagonists suppress tremor in two mouse models of essential
tremor. Neuropharmacology 2010;59(6):380–387.

12. Shipe WD, Barrow JC, Yang ZQ, et al. Design, synthesis, and evalu-
ation of a novel 4-aminomethyl-4-fluoropiperidine as a T-type Ca2+
channel antagonist. J Med Chem 2008;51(13):3692–3695.

13. Papapetropoulos S, Lee MS, Boyer S, Newbold EJ. A phase 2, ran-
domized, double-blind, placebo-controlled trial of CX-8998, a selec-
tive modulator of the T-type calcium channel in inadequately treated
moderate to severe essential tremor: T-CALM study design and
methodology for efficacy endpoint and digital biomarker selection.
Front Neurol 2019;10:597.

14. Deuschl G, Bain P, Brin M. Consensus statement of the Movement
Disorder Society on Tremor Ad Hoc Scientific Committee. Mov Dis-
ord 1998;13A(suppl 3):2–23.

15. Egan MF, Zhao X, Smith A, et al. Randomized controlled study of
the T-type calcium channel antagonist MK-8998 for the treatment
of acute psychosis in patients with schizophrenia. Hum
Psychopharmacol 2013;28(2):124–133.

16. Elble R, Comella C, Fahn S, et al. Reliability of a new scale for
essential tremor. Mov Disord 2012;27(12):1567–1569.

17. Mostile G, Giuffrida JP, Adam OR, Davidson A, Jankovic J. Corre-
lation between Kinesia system assessments and clinical tremor scores
in patients with essential tremor. Mov Disord 2010;25(12):
1938–1943.

18. Mostile G, Fekete R, Giuffrida JP, et al. Amplitude fluctuations in
essential tremor. Parkinsonism Relat Disord 2012;18(7):859–863.

19. Elble RJ. The essential tremor rating assessment scale. J Neurol Neu-
romed 2016;1(4):34–38.

20. Elble R, Bain P, Forjaz MJ, et al. Task force report: scales for screen-
ing and evaluating tremor: critique and recommendations. Mov Dis-
ord 2013;28(13):1793–1800.

21. Stefanucci JK, Creem-Regehr SH, Thompson WB, Lessard DA,
uess MN. Evaluating the accuracy of size perception on screen-based
displays: displayed objects appear smaller than real objects. J Exp
Psychol Appl 2015;21(3):215–223.

22. Louis ED, Okun MS. It is time to remove the ‘benign’ from the essen-
tial tremor label. Parkinsonism Relat Disord 2011;17(7):516–520.

23. Cohen O, Pullman S, Jurewicz E, Watner D, Louis ED. Rest tremor
in patients with essential tremor: prevalence, clinical correlates, and
electrophysiologic characteristics. Arch Neurol 2003;60(3):405–410.

24. Bermejo-Pareja F, Puertas-Martin V. Cognitive features of essential
tremor: a review of the clinical aspects and possible mechanistic
underpinnings. Tremor Other Hyperkinet Mov (N Y) 2012;2:
02-74-541-541.

25. Chandran V, Pal PK, Reddy JY, Thennarasu K, Yadav R,
Shivashankar N. Non-motor features in essential tremor. Acta Neu-
rol Scand 2012;125(5):332–337.

26. Louis ED, Barnes L, Albert SM, et al. Correlates of functional dis-
ability in essential tremor. Mov Disord 2001;16(5):914–920.

Supporting Data

Additional Supporting Information may be found in
the online version of this article at the publisher’s
web-site.

Intact Organization of Tactile
Space Perception in Isolated

Focal Dystonia

Tina Mainka, MD,1,2 Elena Azañ�on, PhD,3,4,5

Kirsten E. Zeuner, MD,6 Arne Knutzen, M.Sc,6

Tobias Bäumer, MD,7 Wolf-Julian Neumann, MD,1

Friederike Borngräber, MD,1

Andrea A. Kühn, MD, PhD,1,8 Matthew R. Longo, PhD,9 and
Christos Ganos, MD1*

1Department of Neurology, Movement Disorders and
Neuromodulation Unit, Charité University Medicine Berlin, Berlin,
Germany 2Berlin Institute of Health, Berlin, Germany 3Department of
Neurology, Otto-von-Guericke University, Magdeburg, Germany
4Department of Behavioral Neurology, Leibniz Institute for
Neurobiology, Magdeburg, Germany 5Center for Behavioral Brain
Sciences, Magdeburg, Germany 6Department of Neurology,
University Hospital Schleswig-Holstein, Christian-Albrechts-
University, Kiel, Germany 7Institute of Neurogenetics, University of
Lübeck, Lübeck, Germany 8NeuroCure Clinical Research Centre,
Charité-University Medicine Berlin, Berlin, Germany 9Department of
Psychological Sciences, Birkbeck, University of London,
London, UK

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly
cited.

*Correspondence to: Dr. Christos Ganos, Movement Disorders and Body
Control Lab, Movement Disorders and Neuromodulation Unit, Department
of Neurology, Charité University Medicine Berlin, Charitéplatz 1, 10117
Berlin, Germany; E-mail: christos.ganos@charite.de

Matthew R. Longo and Christos Ganos contributed equally to the this
article

Relevant conflicts of interest/financial disclosures: The authors dis-
close no conflicts of interest regarding this article.

Funding agencies: This research project was supported by a grant
from the VolkswagenStiftung (Freigeist) held by C.G. T.M. is a partici-
pant in the BIH-Charité Clinician Scientist Program funded by the
Charité-Universitätsmedizin Berlin and the Berlin Institute of Health.

Received: 30 November 2020; Accepted: 8 March 2021

Published online 4 May 2021 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.28607

Movement Disorders, Vol. 36, No. 8, 2021 1949

I N T A C T T A C T I L E S P A C E O R G A N I Z A T I O N I N D Y S T O N I A

https://orcid.org/0000-0002-0597-2648
https://orcid.org/0000-0002-6758-9708
https://orcid.org/0000-0001-9650-6820
https://orcid.org/0000-0001-8077-8530
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:christos.ganos@charite.de
http://wileyonlinelibrary.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fmds.28607&domain=pdf&date_stamp=2021-05-04


ABSTRACT: Background: Systematic percep-
tual distortions of tactile space have been docu-
mented in healthy adults. In isolated focal dystonia
impaired spatial somatosensory processing is
suggested to be a central pathophysiological finding,
but the structure of tactile space for different body
parts has not been previously explored.
Objectives: The objective of this study was to assess
tactile space organization with a novel behavioral par-
adigm of tactile distance perception in patients with
isolated focal dystonia and controls.
Methods: Three groups of isolated focal dystonia
patients (cervical dystonia, blepharospasm/Meige syn-
drome, focal hand dystonia) and controls estimated per-
ceived distances between 2 touches across 8
orientations on the back of both hands and the forehead.
Results: Stimulus size judgments differed significantly
across orientations in all groups replicating distortions
of tactile space known for healthy individuals. There
were no differences between groups in the behavioral
parameters we assessed on the hands and forehead.
Conclusions: Tactile space organization is comparable
between patients with isolated focal dystonia and
healthy controls in dystonic and unaffected body parts.
© 2021 The Authors. Movement Disorders published
by Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society

Key Words: focal dystonia; somatosensation; tactile
distance perception; cervical dystonia; blepharo-
spasm; somatosensory receptive fields

Isolated focal dystonias (IFDs) are phenomenologi-
cally characterized by abnormal movements and/or pos-
tures.1 Although overt sensory deficits are absent,
abnormalities in somatosensory processing have been
documented in various types of IFDs not only in dys-
tonic, but also in nonaffected body parts (reviewed in
reference 2). While changes in temporal somatosensory
processing in IFDs are well documented with an array
of different assessment tools,2,3 the role of spatial
somatosensory findings remains less well understood.
Already in 1834, Weber observed that the perceived

distance between 2 tactile stimuli relates systematically
to tactile sensitivity, a finding that was later associated
with cortical receptive field (RF) size.4 RFs for body
regions with hairy skin are usually oval shaped.5,6 This
asymmetric structure leads to varying size estimations
depending on stimulus orientation: tactile distances are
perceived as larger in the mediolateral than in the
proximodistal body axis, an effect called anisotropy
(Fig. 1A).4,7-11 Recently, a paradigm has been devel-
oped that allows testing of tactile spatial perception

across 8 orientations to provide a more accurate esti-
mation of RF size, shape, and orientation.7 Indeed, per-
ceptual distortions of tactile space match cortical tactile
space organization in the primary somatosensory
cortex.12

Previous literature shows impaired tactile spatial acuity
in different forms of IFD13-17 that is suggested to reflect a
degradation of somatotopic organization in the somato-
sensory cortex.18-22 We therefore employed a novel
behavioral paradigm to examine the perceptual organiza-
tion of tactile space in IFD. Specifically, we assessed
affected and unaffected body parts across a compara-
tively large patient population with different IFDs (cervi-
cal dystonia [CD], blepharospasm [BSP]/Meige
syndrome, and focal hand dystonia [FHD]) and healthy
controls with the aim to establish their relation with the
expression of dystonic symptoms. We hypothesized that
owing to their phenotypic variability, the different forms
of IFD would demonstrate systematic changes in tactile
space organization in the body parts we assessed.

Methods

Fifty seven right-handed patients diagnosed with
IFD1 (n = 21, cervical dystonia; n = 16, BSP/Meige syn-
drome; n = 20, task-specific FHD of the dominant
hand) and 21 age-matched healthy controls partici-
pated. The study was approved by the Charité Univer-
sity Medicine Berlin ethics committee. All participants
gave written informed consent. Exclusion criteria were
acquired causes of dystonia (eg, medication, brain
lesions), peripheral neuropathy, skin conditions
(eg, eczema, scars) in assessed areas, inability to per-
form the task (eg, dementia), and prior botulinum toxin
treatment ≤ 12 weeks.
We investigated the perceived distance between 2 tac-

tile stimuli separated 25, 30, 35, and 40 mm4,7,10,23

(Fig. S1) at eight 22.5�-spaced orientations7 on the back
of the dominant right and nondominant left hand and
the forehead (Fig. 1B,C). We touched the skin simulta-
neously with both stimuli for approximately 1 second
in alignment with 1 of the 8 orientations on each trial
and asked participants to verbally estimate the per-
ceived distance between the tactile stimuli in
centimeters.
For each trial we expressed judged size as a propor-

tion of actual size, which was then averaged across
stimulus sizes for each of the 8 orientations. First, we
examined whether perceived stimulus size depends on
orientation and whether this differs between groups via
mixed analysis of variance (ANOVA). Second, we cal-
culated the magnitude of anisotropy (judged stimulus
size in mediolateral [0�] vs proximodistal [90�] axis) for
each group and ran group comparisons using 1-factor
ANOVA. To verify that anisotropy is >1 (ie, stimuli are
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judged longer in the mediolateral axis), 1-sample t tests
were performed for each group. We used ANOVA to
compare the magnitude of anisotropy between groups.
Third, to evaluate the precision of stimulus size ratings,
we compared their variance between groups via mixed
ANOVA.
Distortions of tactile distance perception reflect a sim-

ple and coherent stretch of tactile space. Thus, individ-
ual experimental data can be fitted to a model

predicting tactile distance judgments as a sinusoidal
function of stimulus orientation.7 This model is based
on 3 parameters: stretch — regulates the sinusoid’s
amplitude (peak-to-trough distance), that is, the magni-
tude of anisotropy across orientations; phase — shifts
the sinusoid along the x axis, that is, determines orien-
tation at which tactile distances are perceived as largest;
and offset — shifts the sinusoid along the y axis (dis-
tance of curve’s trough from 1), that is, informs how

FIG. 1. (A) Tactile distance perception according to the pixel model proposed by Longo and Haggard.4 The oval shape of receptive fields leads to dif-
ferent perception of equal tactile distances along the proximodistal and mediolateral body axis. More receptive fields lie between the 2 tactile stimuli in
the mediolateral axis (black circles, dashed line) than in the proximodistal axis (white circles, dotted line). Thus, the perceived distance between 2 stimuli
with equal gaps is longer in the mediolateral than in the proximodistal axis, an effect known as anisotropy. (B, C) The formation of the 8 stimulus orien-
tations spaced in 22.5� intervals on the dorsum of the dominant right hand (B) and on the forehead (C). The 90� orientation was placed between the
center of the wrist and the metacarpophalangeal joint of the middle finger, and of the middle hairline and the tip of the nose, respectively. Accordingly,
the 0� orientation represented the mediolateral axis of the hands and the ear-to-ear axis of the face, respectively. Note, that the orientations were mir-
rored on the nondominant left hand, that is, arranged counterclockwise so that specific orientations referred to similar reference points on both hands.
(D) The 3 essential parameters of the experimental model: the stretch parameter controls the sinusoid‘s amplitude (peak-to-trough distance) and
reveals the magnitude of anisotropy. The phase parameter shifts the sinusoid along the x axis and determines at which orientation tactile distances are
perceived as largest. The offset parameter shifts the sinusoid along the y axis (expressed as the distance of the sinusoid‘s trough from 1) and informs
how large stimuli were rated. [Color figure can be viewed at wileyonlinelibrary.com]
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large the stimuli were rated (Fig. 1D). Models were
fitted to grand mean and individual participant data.
We used ANOVAs to compare the stretch and offset

parameter and also conducted Bayesian ANOVAs24,25

to determine whether nonsignificant results provide
support for the null hypothesis. We examined phase
alignment across participants using Rayleigh’s
test.26,27 We performed the Watson–Williams test to
examine whether the phase differs between groups.27

Calculations were run separately for each body part.
Complete methods and analyses are provided as a
supplement.

Results

Dystonic patients and controls did not differ in age
(60.9 ± 12.7 vs 58.2 ± 9.4 years; P = 0.17) and distribution
of sex (P = 0.65). Disease duration did not differ, albeit
marginally, between patient groups (P = 0.06; Table S1).
Stimulus size judgments differed significantly across

orientations (nondominant hand, P < 0.0001; dominant
hand, P < 0.0001; forehead, P < 0.0001). There was no
effect of group (nondominant hand, P = 0.67; dominant
hand, P = 0.14; forehead, P = 0.62) or group × orienta-
tion interaction (nondominant hand, P = 0.83; domi-
nant hand, P = 0.6; forehead, P = 0.27).
The mediolateral was judged significantly larger than

the proximodistal axis for each group on each body
part (eg, nondominant hand; controls, P < 0.0001; CD,
P < 0.0001; BSP, P = 0.04; FHD, P = 0.001). However,
the magnitude of anisotropy did not differ between
groups (nondominant hand, P = 0.82; dominant hand,
P = 0.18; forehead, P = 0.83). Also, the variance of
stimulus size ratings did not differ between groups
(nondominant hand, P = 0.78; dominant hand,
P = 0.45; forehead, P = 0.51).
Best-fitting sinusoids to grand mean and individual

participant data fit well. R2 as well as residuals, rep-
resenting deviations from the model, did not differ
between groups (R2, nondominant hand, P = 0.11;
dominant hand, P = 0.54; forehead, P = 0.48; residuals,
nondominant hand, P = 0.57; dominant hand,
P = 0.41; forehead, P = 0.65).
Experimental results and best-fitting sinusoids for

each group and body part are provided in Figure 2A.
No differences between groups in the sinusoid’s

amplitude and therefore in the magnitude of anisotropy
were detected (nondominant hand, P = 0.61; dominant
hand, P = 0.22; forehead, P = 0.5; Fig. 2B, amplitude).
In addition, Bayes factor provided decisive evidence
in favor of the null hypothesis, that is, no difference in
amplitudes between groups (nondominant hand:
BF01 = 7.47; dominant hand: BF01 = 2.91; forehead:
BF01 = 6.15).

A directed distribution of the phase, that is, orienta-
tion at which distances are perceived as largest, was
seen for each group and body part. However, the phase
did not differ between groups (nondominant hand,
P = 0.69; dominant hand, P = 0.34; forehead, P = 0.51;
Fig. 2B, phase).
Curve offsets, that is, global size estimation of stimuli

ratings, did not differ between groups (nondominant
hand, P = 0.62; dominant hand, P = 0.16; forehead,
P = 0.62; Fig. 2B, offset). Again, Bayes factor strongly
supported the null hypothesis (nondominant hand:
BF01 = 7.83; dominant hand: BF01 = 2.28; forehead:
BF01 = 7.5). Complete results are provided as a
supplement.

Discussion

We explored tactile space organization across IFD
patients using a novel behavioral paradigm, which
allows quantification of distortions in tactile spatial per-
ception and matches cortical tactile space organization
in the primary somatosensory cortex.7,12 Clearly, stim-
ulus size judgments differed across orientations in con-
trols and in groups of patients with CD, BSP/Meige
syndrome, and FHD, replicating distortions of tactile
space previously shown for healthy individuals.7 How-
ever, contrary to our hypothesis, we found that there
was neither a change in the magnitude of anisotropy
nor in the axis at which tactile distances were perceived
as largest or in the global stimulus size estimation
between groups. These findings suggest that the shape,
orientation, and magnitude of somatosensory RF are
widely comparable between patients and controls in
unaffected (eg, hands in BSP/Meige syndrome) and dys-
tonic body parts (eg, dominant hand in FHD).
RF overlap is physiological. However, its extent in health

and disease remains unclear.28,29 In FHD, functional mag-
netic resonance imaging,19 magnetoencephalography,20

and somatosensory-evoked potentials18 indicate abnor-
mal somatotopic organization in the primary and
secondary somatosensory cortices with “merged” repre-
sentation of single fingers, which was also seen in a pri-
mate model of FHD.30,31 Behavioral measures such as
spatial acuity, suggested to reflect cortical RF size, have
corroborated this pathophysiological view.13-17 It is sur-
prising, therefore, that we found no evidence of abnor-
mal representation of tactile space in the 3 different IFD
phenotypes for all tested body parts. Indeed, IFD
patients showed distortions of tactile space similar in
nature and magnitude to those observed in healthy con-
trols, possibly indicating that the structure and order of
somatosensory RF in different IFD phenotypes is overall
intact (Fig. S2A).
Lack of significant group differences could also be

due to the body parts we assessed. Most previous
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studies on tactile spatial discrimination assessed the fin-
gertips or lips.2,22 It could be, therefore, that dystonic
changes are confined to these specific areas, and are less
pronounced in adjacent body parts (eg, affection of
somatosensory finger, but not hand representation in

FHD; Fig. S2B). However, given a previous neurophysi-
ological study in FHD, which showed abnormal senso-
rimotor processing for areas beyond the fingertips,32

this appears improbable. As cortical finger and lip rep-
resentation are particularly large, it might be that

FIG. 2. (A) Experimental results showing judged size as a function of stimulus orientation (degrees from mediolateral). Experimental data are plotted as
mean ± 95% confidence interval. Lines show the best-fitting sinusoid according to our model for each group (healthy controls, n = 21; cervical dysto-
nia, n = 21; blepharospasm and Meige syndrome, n = 16; focal hand dystonia, n = 20) and each body part. Note that the same data point is shown as
both 0� and 180� for illustrative purposes. (B) Model parameters. The stretch parameter represented by the sinusoid‘s amplitude (peak-to-trough dis-
tance) and the offset parameter (distance of the sinusoid‘s trough from 1) are displayed as box plots for each group (healthy controls, n = 21; cervical
dystonia, n = 21; blepharospasm and Meige syndrome, n = 16; focal hand dystonia, n = 20) and each body part (nondominant and dominant hands,
forehead). Lines within the box indicate the sample median, Whiskers indicate 1.5× the interquartile range. For the phase, each line indicates the orien-
tation at which tactile distances were perceived largest for a single participant. Black lines indicate the average orientation at which distances were per-
ceived as largest across participants of each group for each body part. Note that the phases are mirrored for the nondominant hand to allow better
visual comparison of data between body parts. [Color figure can be viewed at wileyonlinelibrary.com]
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changes in other areas are comparatively subtler and
therefore were harder to detect with our behavioral
testing paradigm. Indeed, smaller stimulus sizes closer
to the discrimination threshold might have been more
sensitive to reveal such differences between patients and
controls (Fig. S2C), but would not accurately inform on
the perceptual organization of tactile space, which we
specifically aimed to explore here.2,22

Lack of changes in our model’s stretch and phase
parameters could also be explained by RF enlargement
with fixed proportions, that is, without change in shape
and directionality of RFs (Fig. S2D). Indeed, dystonia
has been linked to reduced cortical inhibition33 that
could increase RF size.34,35 However, this explanation
would require similar structural transformations of
each RF, which seems statistically improbable and
therefore biologically unlikely. Also, such changes
would create systematic tactile distance underestima-
tion, which we did not find.
In conclusion, based on the behavioral paradigm we

employed, we have demonstrated that organization of
tactile space is widely intact in IFD patients in both
affected and unaffected body parts. This questions the
role of a specific and overarching deficit of tactile spa-
tial organization in IFD. It also highlights the need for
further research across well-characterized IFD pheno-
types, ideally combining hypothesis-driven behavioral,
neurophysiological, and functional neuroimaging
methods.
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ABSTRACT: Background: The efficacy of
magnetic resonance-guided focused ultrasound
(MRgFUS) thalamotomy for the treatment of focal
hand dystonia (FHD) is not well known.

Objective: We aimed to prospectively investigate the
efficacy of MRgFUS thalamotomy for the treatment
of FHD.
Methods: We performed MRgFUS thalamotomy of
the ventro-oral (Vo) nucleus in 10 patients with FHD.
We evaluated the scores of the Writer’s Cramp Rating
Scale (WCRS, 0–30; higher scores indicating greater
severity), Tubiana Musician’s Dystonia Scale (TMDS,
0–5; lower scores indicating greater severity), and Arm
Dystonia Disability Scale (ADDS, 0%–100%; lower
scores indicating greater disability) at baseline and
3 and 12 months post-treatment.
Results: WCRS, TMDS, and ADDS scores significantly
improved from 6.3 � 2.7, 1.4 � 0.5, and 58.7% �
14.3% at baseline to 1.6 � 3.1 (P = 0.011), 5.0 � 0
(P = 0.0001), and 81.6% � 22.9% (P = 0.0229) at
12 months, respectively. There was one prolonged case
of dysarthria at 12 months.
Conclusion: We show that MRgFUS Vo-thalamotomy
significantly improved FHD. © 2021 The Authors.
Movement Disorders published by Wiley Periodicals
LLC on behalf of International Parkinson andMovement
Disorder Society

Key Words: magnetic resonance-guided focused
ultrasound thalamotomy; focal hand dystonia;
ventro-oral nucleus

Introduction

Focal hand dystonia (FHD) is an idiopathic, adult-onset
disorder in most cases and manifests only while performing
specific tasks.1 Writer’s cramp and musician’s dystonia are
the most well-known types of FHD, both of which cause
dystonic muscle contractions in hand muscles only while
writing or playing musical instruments. The prevalence of
this condition is 1.2–1.5 per 100,000 persons.2-4 In some
specific populations, such as professional musicians or ath-
letes, the prevalence is much higher than in the general pop-
ulation; approximately 1%–2% of professional musicians
are affected by FHD.5,6

The ventro-oral (Vo) nucleus is one of the main out-
put terminators from the basal ganglia, and lesioning
or stimulation of this nucleus has been reported to
improve FHD.7,8 Magnetic resonance (MR)-guided
focused ultrasound (MRgFUS) thalamotomy, which
allows intracranial focal lesioning without an incision,
has been reported to be an effective and less invasive
procedure for the treatment of tremor and Parkinson’s
disease.9,10 MRgFUS thalamotomy produces thermal
lesions, similarly to radiofrequency thalamotomy, and
is expected to have similar effects to radiofrequency
Vo-thalamotomy on FHD. However, its efficacy for the
treatment of FHD has been investigated in only two
patients thus far.11,12 Therefore, we prospectively
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