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Writer’s cramp (focal hand dystonia) is a sporadic focal dystonia that affects a specific part

of the upper limb causing excessive co-contraction of antagonistic muscles. It usually

presents as a task-specific dystonia, including, among others, writing of a character

or playing a musical instrument. Although treatments for writer’s cramp exist, medical

therapy often results in unsatisfactory outcomes in patients with this type of dystonia.

However, accumulating evidence suggests that long-term and complete remission of

various types of focal hand dystonia can be achieved with stereotactic ablation or deep

brain stimulation of the thalamic ventral-oralis complex (Vo) nucleus, which includes both

the ventralis oralis posterior and anterior nuclei of the thalamus. Following the striking

therapeutic success of Vo thalamotomy in patients with medically-refractory writer’s

cramp, we here introduce the use of stereotactic lesioning of the thalamic Vo nucleus for

the treatment of this focal type of dystonia. Our findings identified patients with disabling

writer’s cramp (i.e., it prevents their success in their professional careers) to be good

candidates for positive outcome with this surgical technique.

Keywords: focal hand dystonia (FHD), thalamotomy, thalamus anatomy, movement disorder, writer’s cramp

INTRODUCTION

Among dystonia syndromes, focal hand dystonia (FHD) is as a sporadic focal dystonia with adult
onset, typically between the ages of 30 and 50 years (1). Although being relatively common, it is
less frequent compared to other focal dystonias, including cervical dystonia and blephalospasm
(2). FHD affects a specific part of the hand and arm causing an excessive co-contraction of
antagonistic muscles and an over-activation of inappropriate muscles (3). Considering that FHD
usually manifests as a task-specific dystonia, it can be classified as an occupational dystonia, referred
to the writer’s, typist’s, guitarist’s, or pianist’s cramp (2, 4). However, as this dystonia also can have
a widespread effect on muscles, it can involve different tasks, and, in some instances, it can also
progress to the other hand (5).

Although the pathophysiology of FHD is yet to be fully understood, evidence indicates that
somatosensory brain circuits dysfunction affects motor coordination in patients with dystonias
(6–8). The thalamic ventral-oralis complex (Vo) nucleus, which includes both the ventralis oralis
posterior (Vop) and anterior (Voa) nuclei of the thalamus (for reference see Figures 1A,B), plays
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a key role in the cortex-basal ganglia-thalamus-cortex loop,
related to the “motor” function (9). Notably, the pallidothalamic
and cerebellothalamic afferents are greatly intertwined within
the Vo nucleus, with the Voa being predominantly associated
with the pallidothalamic pathway, and the Vop with the
cerebellothalamic pathway instead (10). More than two decades
ago, we first applied selective Vo thalamotomy as a treatment
option for dystonic writer’s cramp (11). Ever since, multiple
reports have further shown that stereotactic ablation (12–18) or
deep brain stimulation (DBS) (19–21) of the Vo nucleus is a
successful therapy for patients with various types of FHD. By
evaluating a single center case series, we here introduced the
use of stereotactic lesioning of the thalamic Vo nucleus for the
treatment of writer’s cramp.

PATIENTS AND METHODS

Patients
Four patients (one man and three women; aged 25 to 44
years) with focal dystonia of the right upper limb underwent
Vo thalamotomy at the KKR Otemae hospital in Osaka, Japan
(Table 1). All the patients reported symptoms for longer than 2
years, and these were refractory to ordinary medical treatments.
None of the patients took prescription medication. According
to Sheehy and Marsden’s classification (5), whilst two patients
suffered from dystonic writer’s cramp, the other two presented
simple writer’s cramp. Preoperative magnetic resonance (MR)
images revealed an absence of abnormal findings in all patients.
After receiving a detailed explanation of the surgery, all patients
provided written informed consent.

Patients with unilateral Vo thalamotomy were included in
this study if they met the following criteria: (1) diagnosis of
writer’s cramp according to the consensus statement of Albanese
et al. (1), (2) men and women, aged at 18–80 years, (3)
medically-refractory writer’s cramp that prevents their success in
their professional careers, and (4) written informed consent to
participate in this assessment.

Clinical Assessments
The Writing Movement Score (WMS), which represents a sub-
score of the Writer’s Cramp Rating Scale (WCRS) (22), was
employed for an objective clinical assessment of patients’ writer’s
cramp during the baseline, perioperative, and follow-up visits
at 3 month intervals after surgery (Table 1). The writing test
was also performed prior to and 7 days following surgery and
follow-up visits. A video recorded the manifestation of patients’
symptoms during the baseline and follow-up visits. MR images
were acquired on the fourth post-operative day and in the
subsequent follow-up visits. The surface EMG examination to
determine the responsible muscles was routinely performed
before the surgery.

Surgical Procedures
All surgical procedures were performed under local anesthesia
using Leksell’s stereotactic system (Elekta K. K., Stockholm,
Sweden) and a surgical navigation system (Medtronic,
Minneapolis, MN, USA). The thalamic Vo nucleus was targeted

on contrast-enhanced MR images, with the primary target being
the Voa-Vop nuclei junction. Its stereotactic coordinates were
determined following the Schaltenbrand-Wahren atlas (23)
(Figures 1A,B) and reported as 13.5mm lateral, 2mm posterior,
and 1mm dorsal to the midpoint of the anterior commissure-
posterior commissure (AC-PC) line (11, 20). Additionally, the
needle trajectory was also predetermined to avoid the damage
of the visible vessels and lateral ventricle. Throughout the
operation, x-ray images were taken to provide for the anterior-
posterior and lateral views to confirm the accurate placement of
the electrode tips onto the target (Figures 1C,D). A monopolar
radiofrequency probe (1.0mm diameter and 2.0mm uninsulated
tip length) was used for electrostimulation testing at 160Hz, 100
µs, and 3.0mA, which is fundamental to achieve improvements
of symptoms without any adverse effects. Finally, after testing for
a lesion at 45◦C for 60 s, a permanent anatomic lesion was made
by heating the electrode tip to 70◦C for up to 60 s. The electrode
was moved in increments of 2-mm each, and the lesioning
process was repeated to increase the overall lesion size. A total of
12 radiofrequency lesions through 6 tracks were created with the
primary target as the starting point, as shown in Figure 1E.

RESULTS AND DISCUSSION

The symptoms of dystonia present in all four patients with
writer’s cramp completely disappeared following the selective
lesioning of the thalamic Vo nucleus. The mean preoperative
WMS was 23.3 (range: 22–26). As determined by neurological
examinations, which included the WMS and writing tests,
patients’ symptoms were markedly alleviated within 7 days
following surgery. Their writing speed improved markedly
and eventually the WMS results reached zero in all patients
(Table 1). An absence of recurrence of symptoms was reported
throughout the follow-up period (1–2 years). The T1-weighted
MR images confirmed that the coagulative lesions were accurately
placed in the thalamic Vo nucleus (Figures 2A–C). Notably, the
MR images with fluid-attenuated inversion recovery (FLAIR)
showed a vasogenic edema surrounding the lesions on the
fourth post-operative day (Figures 2D,E), which however almost
disappeared at 1–2 years after surgery (Figure 2F). Although
none of the patients experienced surgical morbidity or mortality,
they all complained of a transient (4 days −1 month) and
slight paresthesia of the lower limbs contralateral to the lesions,
which however did not lead to walking difficulties. Additionally,
an absence of postoperative speech disturbance was reported.
Therefore, selective Vo thalamotomy offers a means to achieve
a long-term and complete suppression of writer’s cramp without
causing any serious adverse effect.

Partial symptom relapse after selective Vo thalamotomy is
possible, although infrequent, despite the initial improvement
(12, 16, 17). This may indicate that sufficient lesioning of
both the Vo nuclei, which are around 6–7mm in size, is
necessary to achieve a successful outcome. The coagulative
lesions created in this current study, which covered both the
Vop and Voa, appeared to be larger in size as compared to
those in previous reports (12–18), yet, none of the patients
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FIGURE 1 | Stereotactic target and lesioning of the thalamic Vo nucleus. (A,B) Axial (A) and sagittal (B) planes from the Schaltenbrand-Wahren atlas. The anterior

commissure-posterior commissure (AC-PC) line is colored yellow (B). a, anterior; l, lateral; p, posterior; m, medial; d, dorsal; v, ventral. (C,D) Frontal (C) and lateral (D)

views of the radiologic location of the radiofrequency coagulative electrodes implanted in the thalamic Vo nucleus. (E) Schematic representation for creation of a total

of 12 radiofrequency lesions in the thalamic Vo nucleus. The primary target is marked by red color. Vim, the ventralis intermedius nucleus; Vop, the ventralis oralis

posterior nucleus; Voa, the ventralis oralis anterior nucleus.
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TABLE 1 | Clinical summary of the patients with writer’s cramp who underwent selective Vo thalamotomy.

Patient Diagnosis Symptom duration Follow-up period Writing movement score (WMS)

Preoperative 7 days after surgery 1 year after surgery

1 Dystonic writer’s cramp 2 years 2 years 20 0 0

2 Dystonic writer’s cramp 20 years 1 year 22 0 0

3 Simple writer’s cramp 4 years 1 year 22 0 0

4 Simple writer’s cramp 2 years 1 year 26 0 0

FIGURE 2 | Magnetic resonance images of coagulative lesions located in the thalamic Vo nucleus of a patient with writer’s cramp who underwent stereotaxy. (A–C)

The T1-weighted acquisition images at 4 days (A) and 1 year (C) after the surgery are shown. Fusion of the Schaltenbrand and Wahren atlas with the T1-weighted

acquisition image at 4 days after the surgery is also shown in (B). Coagulative lesions are indicated by arrows (D–F). The fluid-attenuated inversion recovery (FLAIR)

images at 4 days (D) and 1 year (F) after the surgery are shown. Fusion of the Schaltenbrand and Wahren atlas with the FLAIR image at 4 days after the surgery is

also shown in (E). Coagulative lesions are indicated by arrows. Voa, the ventralis oralis anterior nucleus; Vop, the ventralis oralis posterior nucleus; Vim, the ventralis

intermedius nucleus; Vc, the ventralis caudalis nucleus.

suffered from any permanent complication. Considering that
care should be taken to avoid direct injury to the internal capsule
or other surrounding structures, intraoperative tests conducted
with stimulating electrodes are necessary prior to the lesioning, as

described above. All the patients complained of a slight numbness
of the contralateral lower extremity, which occurred due to the
dysfunction of their posterior limb of the internal capsule. We
suggest this adverse event to be caused by the vasogenic edema
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surrounding the lesions, given that this subjective symptom
disappeared within 1-month post-operation, in concordance
with the disappearance of the vasogenic edema.

CONCLUDING REMARKS

Writer’s cramp represents a disabling neurological condition
that often interferes with people’s ability to succeed in their
professional careers. However, the optimal therapy for this focal
type of dystonia remains to be established. Considering that a
variety of therapeutic interventions, including pharmacotherapy
(2), botulinum toxin therapy (24–26), and transcranial magnetic
stimulation (7, 27), which have been used to treat writer’s
cramp, have often achieved unsatisfactory results, the further
exploration of surgical interventions for sustained and definite
suppression of writer’s cramp may be beneficial. This study
provides evidence that stereotactic ablation of the thalamic Vo
nucleus represents a successful therapeutic strategy, devoid of
any permanent complication in patients with writer’s cramp.
In contrast to a previous report (16), we do not recommend
the use of bilateral Vo thalamotomy for the treatment of
bilateral writer’s cramp. In fact, bilateral thalamotomy implies
the potential risk of serious and irreversible complications after
bilateral lesioning, as suggested for dystonia patients (28–31).
We recommend instead the use of bilateral Vo DBS or unilateral
Vo DBS together with unilateral Vo thalamotomy for treating
bilateral FHD. This notion is supported by the fact that the
therapeutic efficacy of Vo DBS for suppressing FHD is almost
compatible to that of Vo thalamotomy (19–21). Although greater
experience with our surgical technique is needed to confirm

the present results, stereotactic lesioning of the thalamic Vo
nucleus may represent a surgical option for the treatment of
medically-refractory and disabling writer’s cramp. To achieve
successful outcome, we suggest that appropriate sizing and
accurate positioning of the stereotactic lesion may be of utmost
importance for both obtaining the greatest benefits and avoiding
any surgical complication.
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