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CerviCal dystonia is associated with involuntary 
neck movements6 such as horizontal rotation, ante- 
and retroflexion, and lateral bending. These actions 

require a complex combination of bilateral neck muscles. 
Currently, the surgical treatment of choice for cervical dys-
tonia is deep brain stimulation (DBS) of the bilateral glo-
bus pallidus internus (GPi). This procedure typically im-
proves symptoms, which are measured using the Toronto 
Western Spasmodic Torticollis Rating Scale (TWSTRS), 
by 50%–60%.14,19,21–23,36 To date, treatment of cervical dys-
tonia is believed to require bilateral intervention of the 
GPi; however, historical evidence suggests that unilateral 
ablative surgery of thalamic nuclei, including ablation of 
the GPi (pallidotomy), was the standard treatment for cer-

vical dystonia in the 1950–1980s.1,10,30,31,37 While this pro-
cedure typically demonstrated significant improvements in 
cervical dystonia, the lack of objective assessment scales, 
such as the TWSTRS or Burke-Fahn-Marsden Dystonia 
Rating Scale (BFMDRS), made this improvement difficult 
to quantify. Several case reports have demonstrated sig-
nificant improvements in the symptoms of cervical dys-
tonia following unilateral GPi-DBS.2,8,15,34 These studies 
indicate that unilateral pallidal intervention can improve 
cervical dystonia.

The evidence from the asymmetrical appearance of ro-
tational (torticollis) or tilting (laterocollis) cervical dysto-
nia has shown that the development of dystonia may be as-
sociated with asymmetrical brain abnormalities.26,28 This 
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indicates that unilateral surgery on the symptomatic dom-
inant hemisphere may be sufficient to improve asymmetri-
cal cervical dystonia. In this study, we have retrospectively 
assessed the 6-month outcomes of unilateral pallidotomy 
for 25 consecutive patients with asymmetrical cervical 
dystonia (torticollis and laterocollis).

Methods
Patient Population

Twenty-five patients with rotational (torticollis) or tilt-
ing (laterocollis) cervical dystonia underwent unilateral 
pallidotomy at the Tokyo Women’s Medical University 
Hospital between January 2015 and April 2017. All were 
refractory to botulinum toxin injections. The data for this 
study were retrospectively collected and analyzed. The 
ethics committee of Tokyo Women’s Medical University 
approved this study, and considering the observational 
nature of the study, patient consent was waived. The pri-
mary research question was: does unilateral pallidotomy 
improve cervical dystonia?

Evaluation Procedures
TWSTRS scores were evaluated preoperatively and 

1 week, 3 months, and 6 months postoperatively. The 
TWSTRS is a composite cervical dystonia scale consist-
ing of subscales for severity, disability, and pain.4 The 
TWSTRS total score ranges from 0 to 85 and is the sum of 
the three subscores. The severity scale is a 10-item assess-
ment of severity of cervical dystonia (range 0–35, higher 
scores indicate greater severity). The disability scale is a 
6-item assessment of activities of daily living (range 0–30, 
higher scores indicate greater disability). The pain scale is 
a 3-item assessment of pain severity, duration, and disabil-
ity of cervical dystonia (range 0–20, higher score indicates 
greater pain). Head MRI scans were performed before 
and immediately after surgery, and 3 months postopera-
tively. Clinical responses were defined as follows: 1) good 
responders, exhibiting > 50% improvement in TWSTRS 
score 6 months postoperatively, and 2) poor responders, 
exhibiting < 50% improvement in TWSTRS scores 6 
months postoperatively.

Side of Surgery
For torticollis, the contralateral hemisphere to the di-

rection of head deviation was chosen as the surgical side, 
for example, right-side rotation–left pallidotomy or left-
side rotation–right pallidotomy. For laterocollis, the con-
tralateral side to the direction of neck tilting was chosen 
as the surgical side, for example, right laterocollis–left 
pallidotomy.

Surgical Procedure
The stereotactic target was a location posteroventrolat-

eral to the GPi. The tentative target was a location 2–4 mm 
below, 20–22 mm lateral, and 2 mm anterior to the mid-
point connecting the anterior and posterior commissures 
above the optic tract. A Leksell neurogenerator (Elekta) 
and monopolar radiofrequency probe (1.0-mm-diameter 
tip with a 4.0-mm uninsulated length) were used for stim-
ulation and coagulation. Surgery was performed under 
local anesthesia without microelectrode recordings, and 
the absence of capsular responses and visual phosphenes 
was verified. After confirming that macrostimulation (130 
Hz, 100-μsec pulse width, up to 8–10 mA) did not affect 
the internal capsule and optic tract, coagulation of the ten-
tative target was conducted at 70°C for 30 seconds. The 
electrode was withdrawn in 2- and 4-mm increments to 
increase the lesion size, resulting in 3 contiguous lesions. 
Thereafter, 3 additional contiguous lesions were created 
posterolateral to the tentative target, resulting in a total of 
6 lesions. MRI scans of the head were performed immedi-
ately after surgery to confirm the presence of lesions (Fig. 
1). The volumes and placement of the lesions were calcu-
lated using Leksell GammaPlan. We measured distances 
from the center of the lesion created to the third ventricle 
wall (mediolateral), midcommissural point (anteroposte-
rior), and the anterior-posterior commissure plane (dorso-
ventral).

Statistical Analysis
Data were nonparametric. The Wilcoxon signed-

rank test and Friedman test were used to compare total 
TWSTRS and subitem scores (severity, disability, and pain 

FIG. 1. Case 2. Postoperative axial T1- (A) and coronal T2-weighted (B) MR images showing a coagulated lesion (arrow) in the 
left GPi.
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scores) to their respective baseline scores. Bonferroni cor-
rection was used for multiple comparisons, and the level of 
statistical significance was set at p < 0.01.

Logistic regression was used to identify the prognos-
tic factors for poor outcomes. Each variable of interest 
(movement type, age at onset, disease duration, TWSTRS 
pre-severity, TWSTRS pre-disability, TWSTRS pre-pain, 

lesion volume) was examined in a univariate analysis, and 
those that were significant at the 0.20 level were included 
in a multivariate model. A p value < 0.05 was considered 
statistically significant. All statistical analyses were per-
formed using JMP (version 13.0.0, SAS Institute).

This study is rated evidence class IV because of the 
absence of a nonsurgical group and the open-label design. 
Anonymized grouped data will be shared upon request 
from a qualified investigator.

Results
Patient demographics are shown in Table 1. Of the 25 

patients included in this study, 12 and 9 exhibited right- 
and left-side rotation, respectively, and 1 and 3 exhibited 
right- and left-side laterocollis, respectively (Table 1). The 
mean age of onset and duration of disease were 40.2 ± 
13.9 and 8.9 ± 10.9 years, respectively (Table 1). The mean 
TWSTRS total scores were 38.4 ± 12.6 preoperatively, 17.3 
± 12.4 at 1 week postoperatively (p < 0.001), 19.5 ± 13.4 
at 3 months postoperatively (p < 0.001), and 20.0 ± 14.7 at 
6 months postoperatively (p < 0.001; Fig. 2D). Analysis of 
the subitem scores (severity, disability, and pain) showed 
a significant reduction in all three subscores at 1 week, 3 
months, and 6 months postoperatively (Fig. 2A–C). The 
average volume of pallidotomy lesions was 58.5 ± 25.1 
mm3. The average locations of the lesions in the three ste-
reotactic planes are shown in Table 2. Ten patients (40%) 
exhibited rapid symptomatic improvement 1 week after 
surgery, which persisted for 6 months irrespective of the 
type of dystonic movement (phasic or tonic type). Four-
teen patients (56%) demonstrated > 50% improvement in 

TABLE 1. Clinical characteristics of the patients

Variable Value

No. of patients 25
Sex
 M 13
 F 12
Mean age at onset ± SD, yrs 40.2 ± 13.9
Mean disease duration ± SD, yrs 8.9 ± 10.9
Movement type
 Tonic 16
 Phasic 9
Side of surgery
 Rt 13
 Lt 12
Mean preop TWSTRS scores ± SD
 Severity 17.4 ± 6.0
 Disability 14.9 ± 6.0
 Pain 6.0 ± 5.7
 Total 38.4 ± 12.6

FIG. 2. TWSTRS scores before surgery and 1 week, 3 months, and 6 months after surgery. Mean (± SD) scores for severity (A), 
disability (B), pain (C), and total score (D) on the TWSTRS before surgery and 1 week, 3 months, and 6 months after surgery. *p < 
0.0001 for comparison with the baseline score. Figure is available in color online only.

Unauthenticated | Downloaded 05/23/23 11:23 PM UTC



J Neurosurg Volume 134 • January 2021 219

Horisawa et al.

TWSTRS total score (mean improvement 70.5%) at the 
6-month follow-up evaluation and were defined as “good 
responders.” Furthermore, preoperative TWSTRS severi-
ty was a prognostic factor (odds ratio 1.37, 95% confidence 
interval 1.06–1.78, p = 0.003; Table 3). Eight (72.7%) of the 
11 patients in the “poor responders” group exhibited sig-
nificant improvements at the 1-week follow-up evaluation; 
however, they experienced a recurrence of dystonic symp-
toms at the 6-month follow-up evaluation. Lesion volume 
and localization did not correlate with the outcomes.

One patient suffered from a cerebral infarction in the 
posterior limb of the right internal capsule next to the right 
pallidotomy lesion 1 month after surgery. This was con-
sidered a pallidotomy-related delayed stroke. The patient 
developed left-side hemiparesis and dysarthria, which re-
solved within 3 months after the onset of the infarction. 
No other perioperative complications were observed.

Discussion
The results of this study suggested that unilateral palli-

dotomy was associated with a mean improvement of 47.9% 
in total TWSTRS score, which is comparable to the results 
from bilateral GPi-DBS for cervical dystonia.14,19,21–23,36 In 
agreement with our previous study of pallidotomy for dys-
tonia, the effects of the procedure were visible within 1 
week after surgery.11–13,20 In contrast, the effects of GPi-
DBS in patients with dystonia typically presented after 
several months.3,19,22

Several case reports have demonstrated significant im-
provements in cervical dystonia following unilateral pal-
lidal surgery, including DBS and pallidotomy. Işlekel et al. 
have reported that right-side GPi-DBS resulted in consid-
erable improvements in cervical dystonia with right-side 
rotation.15 In addition, Escamilla-Sevilla et al. demonstrat-
ed that the same procedure significantly improved cervical 
dystonia with left-side rotation and retrocollis.8 Interest-
ingly, right-side GPi-DBS showed greater improvements 
in the BFMDRS movement scale (94.1%) when compared 
with the bilateral GPi-DBS (41.2%) in this particular case. 
Torres et al. have reported that right-side GPi-DBS in a 
patient with cervical dystonia is characterized by right-
side rotation and left-side bending, resulting in a 60% 
improvement in TWSTRS scores at 10 months postsurgi-
cally.34 Valálik et al. have reported unilateral pallidotomy 

improved cervical dystonia and blepharospasm (Meige 
syndrome) for 2 years.35 These studies, concurrent with 
the results presented here, suggest that unilateral pallidal 
surgery may significantly improve cervical dystonia.

Between 1960 and 1980, before the introduction of 
selective peripheral denervation and DBS, unilateral le-
sioning surgery was the treatment of choice in patients 
with cervical dystonia because it avoids several severe 
complications associated with bilateral lesioning pro-
cedures.1,5,10,24,37 This has led to controversies regarding 
which surgical side provided better results, which remains 
unclear to date. The stereotactic targets for treatment of 
cervical dystonia include the ventrolateral (VL), ventro-
oral intermediate (VOi), and centro-median nuclei of the 
thalamus; the interstitial nucleus of Cajal; the zona incerta; 
and Forel’s fields, H1 and H2. Cooper reported that uni-
lateral VL thalamotomy was associated with a significant 
improvement in cervical dystonia with right-side rotation 
after 1 year, and this was accompanied by improvements 
in abnormal EMG activity demonstrated by the bilateral 
sternocleidomastoid muscle (SCM).5 Von Essen et al. have 
performed unilateral VOi thalamotomy in 17 patients di-
agnosed with cervical dystonia37 and reported a complete 
resolution in 4 patients, 75% improvement in 7 patients, 
50% improvement in 3 patients, 25% improvement in 2 
patients, and no improvement in 1 patient. They placed the 
lesion in the VOi nucleus contralateral to the side toward 
which the face was turning in the horizontal component of 
the torticollis, which is consistent with our determination 
of surgical side. However, historical studies from 1960 
through the 1980s did not use objective evaluation using 
scores, such as the TWSTRS and BFMDRS.1,5,10,24,37 Fur-
thermore, these studies did not use imaging evaluations of 
lesions using CT and MRI, which prevented any further 
understanding of the effects of unilateral lesioning surger-
ies in patients diagnosed with cervical dystonia.

Surgical treatment of cervical dystonia may be per-
formed either on the side that is contralateral to the con-
tracting SCM or on the side with the contracting muscle 
(ipsilateral surgery). Cooper employed the former method, 
while Hassler and Dieckmann, consistent with the current 

TABLE 2. Summary of lesion volume and localization

Lesion Variable Mean ± SD

Lesion volume, mm3 58.5 ± 25.1
Lesion localization
 Mediolateral plane, mm
  Distance from lesion to the 3rd ventricle wall 17.2 ± 1.6 (lateral)
 Anteroposterior plane, mm
  Distance from lesion to midcommissural  
   point

2.4 ± 1.7 (anterior)

 Dorsoventral plane, mm
  Distance from lesion to anterior-posterior  
   commissure plane

2.3 ± 0.9 (ventral)

TABLE 3. Results of the logistic univariate and multivariate 
regression analyses relative to the risk of poor outcome 6 
months after surgery

Risk Factor OR (95% CI) p Value

Univariate analysis
 Movement type, phasic/tonic 2.08 (0.396–10.948) 0.383
 Age at onset 0.992 (0.94–1.05) 0.7987
 Disease duration 1.09 (0.97–1.21) 0.0736
 TWSTRS score pre-severity 1.34 (1.04–1.73) 0.0076
 TWSTRS score pre-disability 1.08 (0.84–1.39) 0.5441
 TWSTRS score pre-pain 0.93 (0.77–1.13) 0.4694
 Lesion volume 1.01 (0.98-1.05) 0.3249
Multivariate analysis
 TWSTRS score pre-severity 1.34 (1.06–1.72) 0.0030
 Disease duration 1.05 (0.92–1.20) 0.03879
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study, selected the latter.5,8,10,15,24,34,37 Numerous studies 
have reported ipsilateral innervation of the SCM. Feline 
studies have reported that stimulation of the globus palli-
dus–entopeduncular nucleus (corresponding to the GPi in 
humans) increases neuronal firing rates of the ipsilateral 
SCM.17 Hassler and Dieckmann demonstrated that palli-
dothalamic stimulation increased the EMG activity in 
the ipsilateral SCM,10 while other studies reported SCM 
weakness caused by ipsilateral hemispheric strokes27 and 
injection of barbiturates into the unilateral carotid artery 
(as shown by the Wada test).7

The left SCM, right splenius, semispinalis, and trape-
zius muscles play a significant role in the rotation of the 
neck toward the right side. Generally, muscles receive only 
contralateral innervation from the unilateral hemisphere. 
If the SCM is exceptionally controlled by the ipsilateral 
hemisphere as mentioned above, neck rotation movement 
typically results from one hemisphere. Therefore, unilat-
eral intervention might be sufficient in cases of rotational 
cervical dystonia. However, this hypothesis was discov-
ered to be incorrect, because approximately half of the pa-
tients did not benefit from the unilateral pallidotomy. The 
symptomatic laterality is usually unequal in patients pre-
senting with dystonia affecting multiple regions, such as 
blepharospasm with cervical dystonia (Meige syndrome). 
Valálik et al. have reported marked improvements asso-
ciated with contralateral pallidotomy of the symptomatic 
dominant side in patients with Meige syndrome.35 Fur-
thermore, our previous work showed that blepharospasms 
affecting the left side predominantly were completely re-
solved upon treatment with right pallidotomy.13

The evidence from these cases suggests that the devel-
opment of dystonia may be associated with asymmetrical 
abnormalities, and surgery on the symptomatic dominant 
side increases the chances of observing satisfactory im-
provement in patients with cervical dystonia. Interhemi-
spheric differences in pathological abnormalities have 
been reported previously in patients with cervical dysto-
nia. For example, interhemispheric differences in local 
field potential oscillations, which reflect the local neuronal 
activity, in the GPi were observed in patients with torticol-
lis and laterocollis, but not in those with retrocollis.26,28 
Abnormalities in cortical excitability and intracortical in-
hibition are usually confirmed with transcranial magnetic 
stimulation in dystonia, and in rotational cervical dystonia 
they are lateralized in the hemisphere contralateral to the 
direction of head deviation, which implies that the hemi-
sphere contralateral to the direction of head deviation may 
be a symptomatic dominant hemisphere.16 Intracranial 
structural lesions can lead to secondary cervical dystonia, 
while lesions in the unilateral basal ganglia may induce 
rotational cervical dystonia toward the side of head devia-
tion.25,29,32 The hemisphere contralateral to the direction 
of head deviation (ipsilateral SCM contraction) may be 
related to the clinical asymmetrical presentation of torti-
collis or laterocollis. In the current study, 14 patients with 
torticollis and laterocollis demonstrated more than 50% 
improvement in their TWSTRS scores following unilat-
eral pallidotomy in the hemisphere contralateral to the 
direction of head deviation. Moreover, this improvement 
persisted for 6 months. Asymmetrical pallidal output may 

be associated with the onset of torticollis and laterocol-
lis, and surgery on the symptomatic dominant hemisphere 
may improve dystonic symptoms significantly. Patients 
with torticollis or laterocollis refractory to unilateral pal-
lidal surgery may exhibit greater bilateral hemispheric 
involvement of pathologic pallidal outflow, and unilateral 
pallidal surgery cannot redress imbalanced interhemi-
spheric pallidal outflow.

The asymmetrical phenotype observed in patients with 
cervical dystonia accompanied by rotation or tilting sug-
gests that unilateral intervention may produce satisfactory 
results. Surgery on the ipsilateral side of the contracting 
SCM (the side that is contralateral to the direction of head 
turning) can significantly improve rotational cervical dys-
tonia, while tilting cervical dystonia can be improved by 
surgery on the side that the neck bends toward. Unfortu-
nately, the manifestations of antero- or retrocollis cervical 
dystonia imply symmetrical hemispheric abnormalities, 
thus making it difficult to recommend an optimal surgical 
side.26

The results of the present study, consistent with previ-
ous evidence, suggest that bilateral pallidal surgeries are 
not always necessary to improve rotational or tilting cervi-
cal dystonia. Eleven patients with poor results in this study 
may be expected to gain further improvement with DBS 
using the subthalamic nucleus or GPi bilaterally. Several 
articles have reported the effectiveness of bilateral DBS 
after failed pallidotomy or disease progression.9,18, 33,38 
Fourteen patients who showed good results may develop 
recurrence or a deterioration of symptoms at a later stage. 
In those cases, additional surgery including contralateral 
pallidotomy or DBS may be necessary. We have suggested 
contralateral surgery to patients exhibiting poor results, or 
patients who are not satisfied with their improvements at 
the 6-month evaluation. There was a greater number of 
patients who were unwilling to have a mechanical device, 
or cannot afford to undergo DBS economically or geo-
graphically. For these patients, unilateral pallidotomy is a 
valuable alternative treatment option.

This study has several limitations. One is study design, 
which was retrospective, open-label, and noncontrolled. 
Another limitation is the relatively small sample size (n 
= 25) and short follow-up period (6 months). To further 
assess the efficacy of unilateral pallidotomy for cervical 
dystonia, additional investigations are needed that over-
come these limitations.

Conclusions
The present study suggests that unilateral pallidotomy 

is an acceptable treatment option for asymmetrical cervi-
cal dystonia. Further investigations with a larger number 
of cases and longer follow-up period are required to con-
firm these data.
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