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Abstract
Aims: Deep brain stimulation (DBS) has been proposed as an effective treatment for 
drug‐intolerant isolated dystonia, but whether it is also efficacious for posttraumatic 
dystonia (PTD) is unknown. Reports are few in number and have reached controver‐
sial conclusions regarding the efficacy of DBS for PTD treatment. Here, we report a 
case series of five PTD patients with improved clinical benefit following DBS 
treatment.
Methods: Five patients with disabling PTD underwent DBS therapy. The clinical out‐
comes were assessed with the Burke–Fahn–Marsden dystonia rating scale (BFMDRS) 
at baseline and the last follow‐up visit (at more than 12 months).
Results: Patients 1 and 3 received unilateral globus pallidus internus (GPi) DBS for 
contralateral dystonia. The subthalamic nucleus (STN) was chosen as target for pa‐
tients 2 and 4, due to a lesion located in the globus pallidus. Patient 5 had an elec‐
trode in the ventral intermediate nucleus (VIM) for treating predominant tremor of 
left upper extremity, with unexpected improvement of focal hand dystonia. The 
scores of BFMDRS movement exhibited favorable improvement in all five patients at 
the last follow‐up, ranging from 52.4% to 78.6%.
Conclusions: Deep brain stimulation may be an effective and safe treatment for med‐
ically refractory PTD, but this needs to be confirmed by further studies.
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1  | INTRODUC TION

Post‐traumatic dystonia (PTD), the dystonia developing after brain 
injury, occurs in 4.1% of surviving patients.1 Hemi‐dystonia and 
focal‐hand dystonia are the most common forms of dystonia in 
PTD, while other forms of focal dystonia involving the neck, eye‐
lids, and oral mandible, as well as segmental dystonia, multifocal 
dystonia, and generalized dystonia have also been reported.2‐4 
The lesions associated with PTD are usually found on Magnetic 
Resonance Imaging (MRI) or Computed Tomography (CT) of the 
brain, with the most common lesions located in the contralateral 
caudate, putamen, and thalamus.5 PTD may respond to common 
traditional dystonia medications. For instance, botulinum toxin 

injections are effective for focal dystonia. However, some PTD 
patients show low levels of satisfaction after botulinum toxin in‐
jection.6,7 In recent years, deep brain stimulation (DBS) has be‐
come a suitable alternative for medication‐refractory isolated 
dystonia.8 Moreover, encouraging results of DBS treatment have 
been observed in tardive dystonia, a type of acquired dystonia.9,10 
However, only limited evidence supporting this treatment modal‐
ity is available in patients with PTD, and exploratory results have 
been published mostly in the form of cases or single subjects in 
heterogeneous studies.11,12 Here we report the clinical outcomes 
of our series of patients with disabling PTD who underwent DBS 
treatment. Furthermore, we review the extant literature on the 
treatment of PTD.

TA B L E  1   Summary of patient demographic data and clinical characteristics

ID Sex

Age at 
trauma 
(years)

Loss of 
conscious‐
ness (Y,N/
duration） MRI lesions

Age at 
surgery 
(years)

History 
of 
dystonia

Latency of 
dystonia 
onset 
(months)

Dystonia 
type

Affected 
region

Persistence 
during sleep

Accompanying 
symptom (pain)

Failed 
treatment of 
medicine

Response 
to 
Botulinum 
toxin

1 M 7 Y/4 mo Right 
midbrain

19 N 4 Focal 
dystonia

L‐upper 
extremity

N Y Mecobalamin, 
levodopa, 
clonazepam 
and 
trihexypheni‐
dyl

Unknown

2 M 17 Y/6 d Left globus 
pallidus

24 N 6 Hemi‐dysto‐
nia

R‐ upper 
extremity 
and R‐lower 
distal 
extremity

N Y Baclofen and 
trihexypheni‐
dyl

N

3 F 28 Y/2 d Bilateral 
external 
capsule

38 N 12 Generalized 
dystonia

L‐upper 
extremity, 
mouth, neck 
and L‐lower 
extremity

N Y Levodopa, 
clonazepam 
and 
trihexypheni‐
dyl

Unknown

4 M 6 Y/2 h Bilateral 
globus 
pallidus 
and 
putamen

34 N 6 Generalized 
dystonia

L and R upper 
distal 
extremities 
and trunk

N N Clonazepam 
and baclofen

Unknown

5 M 39 Y/1 mo Right 
midbrain

41 N 18 Focal 
dystonia

L‐upper distal 
extremity

N N Levodopa, 
haloperidol, 
clonazepam 
and 
trihexypheni‐
dyl

Unknown

Abbreviations: ID, patient identification number; sex: M, male; F, female; Affected region: L, left; R, right; Loss of consciousness: mo, months; d, days; 
h, hours; Y, yes; N, no.

F I G U R E  1   Preoperative brain MR images (T2‐weighted sequence) showing structure changes in the right midbrain and temporal lobe (A), 
the left globus pallidus (GP) (B), the bilateral external capsule (C), the bilateral globus pallidus (GP) and putamen (D), and the right midbrain 
(E). The location of the lesion is marked by a white arrow in each patient

(A) (B) (C) (D) (E)
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2  | MATERIAL S AND METHODS

This retrospective clinical study was approved by the ethics commit‐
tees of the Ruijin Hospital Shanghai Jiaotong University School of 
Medicine. Each patient or his/her family agreed to participate in this 
study and provided their informed consent.

2.1 | Patients

We recruited five patients undergoing DBS surgery at the 
Functional Neurosurgical Center of Shanghai Ruijin hospital from 
2010 to 2017, who were diagnosed with PTD by a movement 
disorder neurologist. The inclusion criteria included: (a) history 
of brain trauma; (b) demonstrating PTD‐related difficulty in per‐
forming daily activities; (c) being intolerant of, or failing to respond 
to, common pharmacotherapy for dystonia (eg, levodopa, clon‐
azepam, trihexyphenidyl, or baclofen) and botulinum toxin injec‐
tion. The exclusion criteria were: (a) family history of dystonia; (b) 
dystonia resulting from other causes; (c) cognitive dysfunction; (d) 
other neuropsychiatric diagnoses.

2.2 | Clinical evaluations

At baseline and at the last follow‐up visit (range 12 to 99 months), 
five patients were videotaped and evaluated by an experienced phy‐
sician blinded to surgery status. The assessments involved dystonia 
severity, quality of life, and cognitive evaluations. The severity of 
the dystonia was quantified by the Burke–Fahn–Marsden Dystonia 
Rating Scale (BFMDRS), which consists of two components for as‐
sessing motor capability and the affected daily living. A higher 
BFMDRS score indicates greater impairment. Quality of life (QoL) 
was self‐evaluated by the Medical Outcomes Study 36‐item Short‐
Form General Health Survey (SF‐36), which includes eight parts 
on general health, bodily pain, physical functioning, role‐physical 
functioning, vitality, social functioning, role‐emotional functioning, 
and mental health. A low SF‐36 score indicates a low quality of life. 
Cognitive function was evaluated by Mini‐Mental State Examination 
(MMSE). Both the SF‐36 and MMSE assessments have been recom‐
mended in dystonia for clinical research evaluation.13 For exclusion 
criteria, we considered impaired cognitive function to be MMSE 
scores of less than 24.

TA B L E  2   Clinical outcomes of DBS

ID
Follow‐up 
(months) Target

BFMDRS before 
DBS (movement/
disability)

BFMDRS at last 
evaluation 
(movement/
disability)

BFMDRS 
Improvement % 
(movement/
disability/total)

Stimulation parameters of the last 
follow‐up visit [Amplitude(V)/ 
Frequency (Hz)/pulse width (us)]

1 14 R‐GPi 12/4 4/2 66.7/50.0/62.5 Right:2.65/170/90 Case(+) 1 (−) 2 (−)

2 12 L‐STN 28/17 6/4 78.6/76.5/77.8 Left:3.3/160/70 Case(+) 2 (−) 3 (−)

3 30 R‐GPi 11.5/4 4/1 65.2/75.0/67.7 Right:3.15/145/90 Case(+) 1 (−) 2(−)

4 24 B‐STN 21/9 10/3 52.4/66.7/56.7 Left:2.15/125/60 Case(+) 10 (−) 
3.15/125/90 Case(+) 11 (−) 
Right:2.15/125/60 Case(+) 2 (−)

5 99 R‐VIM 6/4 2/1 66.7/75.0/70.0 Right:2.5/160/90 Case(+) 1 (−) 2(‐)

Abbreviations: ID, patient identification number; DBS, deep brain stimulation; BFMDRS, Burke–Fahn–Marsden Dystonia Rating Scale; Target: L, left; 
R, right; GPi, globus pallidus internus; STN, subthalamic nucleus; VIM, ventral intermediate nucleus; V, Volts; Hz, Hertz; μs, microsecond.

 
Baseline scores 
(mean ± SD)

Last follow‐up scores 
(mean ± SD) P valuea 

SF‐36 subscale

General Health 38.0 ± 2.7 65.0 ± 7.6 0.008b 

Physical Functioning 61.0 ± 20.4 95.0 ± 3.5 0.008b 

Role‐Physical 20.0 ± 11.2 55.0 ± 20.9 0.04b 

Vitality 45.0 ± 9.4 67.0 ± 8.4 0.02b 

Social Functioning 47.5 ± 10.5 75.0 ± 12.5 0.02b 

Role‐Emotional 40.0 ± 27.9 100.0 ± 0.0 0.008b 

Mental Health 41.6 ± 9.2 58.4 ± 3.6 0.03b 

MMSE 26.2 ± 2.2 26.8 ± 2.5 0.56b 

Abbreviations: SF‐36, Health‐related quality of life sub‐score; MMSE, Mini‐Mental State 
Examination; mean ± SD, means ± standard deviation; score 0‐100.
aP‐values for comparisons between baseline and the last follow‐up. 
bP‐value based on two‐tailed Wilcoxon signed rank (Mann–Whitney) test 

TA B L E  3   Health‐related quality‐of‐life 
subscores on the Medical Outcomes 
Study 36‐item Short‐Form General Health 
Survey and Mini‐Mental State 
Examination at baseline and the last 
follow‐up visit
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2.3 | Surgical procedures

The globus pallidus internus (GPi), subthalamic nucleus (STN) and 
ventral intermediate nucleus (VIM) were selected as the location 
of surgery, which was decided by a multiple‐member disciplinary 
team. The locations were determined by using T2 weighted mag‐
netic resonance imaging (MRI) (1.5 T; General Electric Healthcare) 
and confirmed with intraoperative macrostimulation. Quadripolar 
DBS electrodes (model 3387 for STN and GPi and 3389 for VIM; 
Medtronic) were implanted under local anesthesia, and motor func‐
tion and adverse effects were strictly monitored during macrostimu‐
lation. The detailed location of GPi and STN target were mentioned 
in our previous study.14 VIM target planning started with standard 
stereotactic coordinates relative to the posterior commissure (PC) on 
the anterior–posterior commissure (AC‐PC)‐aligned MRI: 10.5‐11 mm 
lateral to the wall of the third ventricle, 6‐7 mm anterior, and 0 mm 
dorsal. Patients remained in our hospital for three nights using a 
3625 external stimulator for trial stimulation. Permanent IPGs were 
implanted only after temporary stimulation showed preliminary ef‐
ficacy. The IPG (Soletra, 37603 or 37612RC; Medtronic) was then 
implanted subclavicularly under general anesthesia. Postoperative 
MRI or CT was performed for each patient to confirm the location 
of the electrodes.

2.4 | DBS programming

The IPG was turned on one day after implantation. DBS parameters 
were readjusted from one month after surgery when the local edema 
disappeared. We chose the most favorable parameters based on the 
most satisfactory improvement with the fewest stimulation‐related 
side effects, such as paresthesia and dysarthria.

2.5 | Statistical analysis

QoL and MMSE scores at baseline and the last follow‐up visit were 
compared using a two‐tailed Mann–Whitney test. Results are ex‐
pressed as means ± standard deviation (SD). Statistical analysis 
was performed using GraphPad Prism 6.0 (GraphPad Software). 
A P‐value of <0.05 was considered statistically significant.

3  | RESULTS

3.1 | Clinical characteristics and outcomes

The clinical characteristics of the five participants (one female and 
four males) are shown in Table 1. The patients received surgery at 
an age varying from 19 to 41 years. All patients were refractory to 
common medicines for treating dystonia, and several patients failed 
to respond to botulinum toxin injection.

Patient 1 suffered a severe closed head injury in a motor vehi‐
cle accident at the age of seven years. He was comatose for four 
months. He displayed a mild left hemiparesis after recovering from 

the coma. In transition to adulthood, the patient developed invol‐
untary dystonic movement of the left upper extremity in lieu of the 
hemiparesis. The disability, focal dystonia of the left arm with re‐
markable spasticity and pain, severely exacerbated his function. A 
right midbrain lesion and an encephalomalatic change in the right 
temporal lobe, which resulted from the removal of hemorrhagic le‐
sion, was evident on MR imaging (Figure 1A). Patient 1 had an elec‐
trode placed in the GPi contralateral to the dystonia.

Patient 2 was involved in a motor vehicle accident and sustained 
a traumatic brain injury at the age of 17. Six months after the initial 
head injury, a focal dystonia of the right upper extremity developed. 
Four months later, the sustained dystonia involved his right foot. The 
patient stated intolerable pain and cramp of his right foot, especially 
during walking. The dystonia was continuously present and affected 
his walking and balance. An MRI scan revealed lesion of the left glo‐
bus pallidus (GP) before surgery (Figure 1B). Patient 2 received uni‐
lateral STN DBS.

Patient 3 sustained a closed head injury in a car accident at the 
age of 28 years. She reported difficulty in walking 12 months after 
the head injury, due to focal dystonia in the left lower extremity. 
Initially, the dystonia responded mildly to medical treatment. Five 
months later, she developed dystonia in the left upper extremity 
with severe spasticity and pain. The symptoms progressively in‐
volved the mouth and neck, but this did not bother her. A lesion 
of the bilateral external capsule was observed in the pre‐operative 
brain MRI (Figure 1C). Patient 3 underwent unilateral GPi DBS for 
the dystonic disability affecting her limbs on the left side.

Patient 4 experienced stiffness in his right thumb and wrist while 
writing six months after a fall caused injury to the patient's head and 
back at six years of age. By the age of seven years, he had started 
using his left hand for writing. However, the symptoms involved his 
complete left hand several months later. He could barely handle a 
pen due to the progression of the condition. At the age of 33 years, 
he developed dystonia that affected the trunk, especially during 
walking. A brain MRI showed abnormal signs in the bilateral GP and 
putamen (Figure 1D). Patient 4 received bilateral STN DBS.

Patient 5 suffered a severe closed brain injury in a car accident 
at the age of 39, leaving him in a coma for one month. He initially 
presented with left hemiparesis. Eighteen months after the accident, 
he developed resting and kinetic tremor of the left upper extrem‐
ity with mild‐moderate dystonic hand posture. He was treated with 
unilateral VIM DBS for more severe tremor. Brain MRIs revealed a 
lesion of the right midbrain before surgery (Figure 1E).

The BFMDRS movement score of the five patients improved by 
65.9% (range from 52.4% to 78.6%) and the disability score by 68.6% 
(range from 50.0% to 76.5%) (Table 2). The pain in the affected region 
also improved significantly in patients 1, 2, and 3, and patient 5 had 
a near complete tremor reduction. Moreover, all patients showed a 
remarkable improvement in quality of life evaluated by SF‐36 at the 
last follow‐up visit (Table 3). The cognitive function also remained on 
baseline at long‐term follow‐ups (Table 3). The stimulation parame‐
ters at the last follow‐up visit are presented in Table 2.
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3.2 | Adverse events

Overall, the surgical procedures were well tolerated. There were no 
hardware‐related side effects, intracranial hemorrhages, infections, 
and lead or extension fractures from DBS implantation in the five 
patients within the 12‐month follow‐up. Dysarthria was elicited in 
patient 5, which was ascribed to stimulation intensities above the 
therapeutic threshold and improved immediately with reprogram‐
ming. Paresthesia was common in all patients when the parameters 
of stimulation were reset. The common adverse events of STN‐DBS 
in Parkinson's disease, fatigue and dyskinesia, were not observed in 
patients 2 and 4.

4  | DISCUSSION

Post‐traumatic dystonia is one of the common movement disorders 
due to head trauma. In this retrospective study we reported the 
clinical outcomes of a series of PTD patients undergoing DBS treat‐
ment. In this cohort, we observed 56.7%‐77.8% improvement using 
BFMDRS in dystonia severity and disability in five patients. The 
accompanying symptom of body pain showed favorable improve‐
ment upon treatment with DBS in three patients. This is a clinically 
significant outcome since most patients suffering from PTD tend 
to be medically refractory. Also, it adds optional treatment for the 
same subgroup of acquired dystonia resulting from brain stroke.

TA B L E  4   Reviews of DBS for treating PTD

Reference
Number of 
patient

Age at 
trauma Age at surgery

Latency of 
dystonia onset 
(mo) MRI/CT lesions Type of dystonia Site of DBS Degree of improvement Follow‐up (mo)

Adverse 
effect

Stimulation parameters of the last follow‐up 
visit Amplitude/Frequency/Pulse width

Sellal et al12 1 16 16 Few Anterior lateral region of the 
left thalamus

Hemi‐dystonia L thalamus Dramatic improvement of dystonic 
postures and movement of the upper 
right limb

8 Lesion of the 
scalp

Not mentioned

Loher et al16 1 15 18 Not mentioned Subcortical and corti cal 
lesion of the left‐sided 
Frontal cortex

Hemi‐dystonia R GPi Remarkable improvement of dystonia‐
associated pain, phasic dystonic 
movements, and dystonic posture

48 No 1V/130 Hz/150 μs

Chang et al6 1 17 23 36 Left GPi Focal dystonia L GPi Significant improvement of cervical 
dystonia

12 No 2 V 160 Hz/ 180 µs/(initial parameters)

Slow et al17 1 5 26 Not mentioned Right GPi Focal dystonia R GPi 
R thalamus

37% (movement) using BFMDRS 
improved; 44% using AIMS improved

48 No R‐GPi 0−1−2+3.9 V/135 Hz/210 μs R‐Vim 
3−0+3.6 V/135 Hz/90 μs

Zhang et al25 1 17 21 36 Thalamus Multifocal dystonia B STN 90.8% (total) using BFMDRS improved 24 No Not mentioned

Martinez et al26 1 Not 
mentioned

Not mentioned Not mentioned No lesion Generalized dystonia L GPi 18.7% (movement) using BFMDRS 
improved pain reduction

Not mentioned No Not mentioned

Kwon et al27 1 3 47 Not mentioned Cortex in the left parieto 
occipital region,Lcerebral 
peduncle, STN, thalamus, 
and parietal lobe

Hemi‐dystonia L GPi 20% (movement) using BFMDRS 
improved; 50% (pain) using visual 
analog scale improved

60 No Case +, contact 2−, 1.3 V/130 Hz/60 μs

Kang et al28 1 26 30 12 Left basal ganglia Hemi‐dystonia L GPi 85.7% (movement) using BFMDRS 
improved

24 No Contact 0, 2.8 V/95 Hz/180 μs

Kim et al11 4 3, 12, 3, 37 23, 32, 26, 40 2, 13, 1, 9 mo GP,putamen, Peritrigone, GP, 
GP

Hemi‐dystonia L GPi 38.1%/66.7%, 75.0%/60.0%, 85.7% 
/75.0%, 94.1%/100% (movement/
disability) using BFMDRS improved

30,70, 31,51 No 3.05 V/78.5 Hz/180 μs (mean parameters)

Margolesky et al7 1 5 30 Not mentioned Gliotic changes in the GP and 
ventral thalamus as well as 
cystic encephalomalacia 
involving the right basal 
ganglia and corona radiata

Hemi‐dystonia L STN 62.5% (total) using BFMDRS improved 9 No Contact 9+10+, 2.6 V/80 Hz/70 μs

Ren et al15 1 30 50 324 No lesion Focal dystonia L GPi 64%/75%/66.7% (movement/disability/
total) using BFMDRS improved

6 No Not mentioned

Carvalho et al29 1 14 18 3 Right posterior thalamus Dystonic tremor/ 
Focal dystonia

R GPi Substantial tremor suppression 48 No Contact 3− Case +, 3.0 V/185 Hz/180 μs

Rojas‐Medina et 
al21

1 5 16 Not mentioned Frontal, parietal and temporal 
bilateral leukomalacia

Intention tremor/ 
Focal dystonia

L Vim Marked improvement in the tremor and 
satisfactory improvement of his 
dystonia

96 No 3.4 V/130 Hz/120 μs

Abbreviations: PTD, post‐traumatic dystonia; L, left; R, right; B, bilateral; GP, globus pallidus; GPi, globus pallidus internus; STN, subthalamic nucleus;  
VIM, ventral intermediate nucleus; DBS, deep brain stimulation; BFMDRS, Burke‐Fahn‐Marsden Dystonia Rating Scale; AIMS, abnormal involuntary  
movement scale; V, Volts; Hz, Hertz; μs, microsecond.
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Previous reports about the efficacy of DBS for treating PTD pa‐
tients are few in number. The relevant case reports and studies are 
listed in Table 4. Most cases showed a favorable response to DBS, 
but there were several patients showing poor improvement. Kim 
et al11 reported that four patients with PTD undergoing GPi‐DBS 
showed a mean improvement on movement scores of BFMDRS of 
73.2% at two‐year follow‐up. In our study, all patients showed a 
similarly favorable improvement. Compared to existing reports, our 
study is the largest case series describing preliminary clinical effi‐
cacy and safety in PTD as a result of DBS.

The basal ganglia circuits were preserved in patients 1 and 3. 
Previous studies15,16 showed that the GPi–DBS benefited signifi‐
cantly from treating focal dystonia acquired as a result of brain 

trauma. Thus, we selected the GPi as the site of stimulation in pa‐
tients 1 and 3. As is known, isolated lesions of the GPi can result in 
dystonia in healthy people,6,17 but in patients with dystonia, stimu‐
lation or lesioning of the same structure can ameliorate this condi‐
tion. This observation indicates that a disturbed pallidal discharge 
and abnormal output of the pallidothalamus would be responsible 
for acquired dystonia.18 In our study, patients 2 and 4 had abnormal 
GPs on MRI images. The reported studies19,20 indicated that STN 
DBS was efficacious in treating dystonia in patients who already un‐
derwent bilateral pallidotomy. Thus, we placed an electrode in the 
dorsal STN. Patient 5 had resting and kinetic tremor of the left upper 
extremity. VIM was selected as the target for the disabling tremor, 
but surprisingly we found that stimulation of VIM also attenuated 

TA B L E  4   Reviews of DBS for treating PTD

Reference
Number of 
patient

Age at 
trauma Age at surgery

Latency of 
dystonia onset 
(mo) MRI/CT lesions Type of dystonia Site of DBS Degree of improvement Follow‐up (mo)

Adverse 
effect

Stimulation parameters of the last follow‐up 
visit Amplitude/Frequency/Pulse width

Sellal et al12 1 16 16 Few Anterior lateral region of the 
left thalamus

Hemi‐dystonia L thalamus Dramatic improvement of dystonic 
postures and movement of the upper 
right limb

8 Lesion of the 
scalp

Not mentioned

Loher et al16 1 15 18 Not mentioned Subcortical and corti cal 
lesion of the left‐sided 
Frontal cortex

Hemi‐dystonia R GPi Remarkable improvement of dystonia‐
associated pain, phasic dystonic 
movements, and dystonic posture

48 No 1V/130 Hz/150 μs

Chang et al6 1 17 23 36 Left GPi Focal dystonia L GPi Significant improvement of cervical 
dystonia

12 No 2 V 160 Hz/ 180 µs/(initial parameters)

Slow et al17 1 5 26 Not mentioned Right GPi Focal dystonia R GPi 
R thalamus

37% (movement) using BFMDRS 
improved; 44% using AIMS improved

48 No R‐GPi 0−1−2+3.9 V/135 Hz/210 μs R‐Vim 
3−0+3.6 V/135 Hz/90 μs

Zhang et al25 1 17 21 36 Thalamus Multifocal dystonia B STN 90.8% (total) using BFMDRS improved 24 No Not mentioned

Martinez et al26 1 Not 
mentioned

Not mentioned Not mentioned No lesion Generalized dystonia L GPi 18.7% (movement) using BFMDRS 
improved pain reduction

Not mentioned No Not mentioned

Kwon et al27 1 3 47 Not mentioned Cortex in the left parieto 
occipital region,Lcerebral 
peduncle, STN, thalamus, 
and parietal lobe

Hemi‐dystonia L GPi 20% (movement) using BFMDRS 
improved; 50% (pain) using visual 
analog scale improved

60 No Case +, contact 2−, 1.3 V/130 Hz/60 μs

Kang et al28 1 26 30 12 Left basal ganglia Hemi‐dystonia L GPi 85.7% (movement) using BFMDRS 
improved

24 No Contact 0, 2.8 V/95 Hz/180 μs

Kim et al11 4 3, 12, 3, 37 23, 32, 26, 40 2, 13, 1, 9 mo GP,putamen, Peritrigone, GP, 
GP

Hemi‐dystonia L GPi 38.1%/66.7%, 75.0%/60.0%, 85.7% 
/75.0%, 94.1%/100% (movement/
disability) using BFMDRS improved

30,70, 31,51 No 3.05 V/78.5 Hz/180 μs (mean parameters)

Margolesky et al7 1 5 30 Not mentioned Gliotic changes in the GP and 
ventral thalamus as well as 
cystic encephalomalacia 
involving the right basal 
ganglia and corona radiata

Hemi‐dystonia L STN 62.5% (total) using BFMDRS improved 9 No Contact 9+10+, 2.6 V/80 Hz/70 μs

Ren et al15 1 30 50 324 No lesion Focal dystonia L GPi 64%/75%/66.7% (movement/disability/
total) using BFMDRS improved

6 No Not mentioned

Carvalho et al29 1 14 18 3 Right posterior thalamus Dystonic tremor/ 
Focal dystonia

R GPi Substantial tremor suppression 48 No Contact 3− Case +, 3.0 V/185 Hz/180 μs

Rojas‐Medina et 
al21

1 5 16 Not mentioned Frontal, parietal and temporal 
bilateral leukomalacia

Intention tremor/ 
Focal dystonia

L Vim Marked improvement in the tremor and 
satisfactory improvement of his 
dystonia

96 No 3.4 V/130 Hz/120 μs

Abbreviations: PTD, post‐traumatic dystonia; L, left; R, right; B, bilateral; GP, globus pallidus; GPi, globus pallidus internus; STN, subthalamic nucleus;  
VIM, ventral intermediate nucleus; DBS, deep brain stimulation; BFMDRS, Burke‐Fahn‐Marsden Dystonia Rating Scale; AIMS, abnormal involuntary  
movement scale; V, Volts; Hz, Hertz; μs, microsecond.
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the focal hand dystonia. Besides, some case reports21,22 also indi‐
cated that VIM DBS resulted in improved dystonia as well as tremor 
reduction.

Currently, there is uncertainty regarding the optimal lead lo‐
cation due to brain lesions existing in patients with PTD. There 
was no significant difference in degree of improvement between 
STN and GPi DBS in treating isolated dystonia with no brain le‐
sion, as indicated by our previous study. However, the study by 
Margolesky et al7 showed that stimulation of STN could be given 
as a rescue therapy for PTD with a structurally abnormal GP tol‐
erant to GPi‐DBS. Our data also show that patients with lesion of 
the GP area have a favorable response to STN‐DBS. The lenticular 
fasciculus (LF) courses, which are dorsal to the STN, are composed 
of fibers from the GPi and carry motor signals from the basal gan‐
glia to the thalamus.23 STN projection in the indirect pathway and 
GPi fibers of passage (LF courses) represent possible therapeutic 
targets of DBS in the STN region.24 Then, the possible remaining 
functional neural circuitry allows for a response to the input of 
STN DBS, when there was an abnormal GP structure causing the 
dystonia. Moreover, stimulation in the dorsal part of the STN by‐
passes the GPi en route by activating LF courses to the thalamus 
and subsequent motor outflow tracts. These results indicate that 
STN may be the optimal target in treating PTD with a lesion of the 
GP area.

As the mechanism underlying the effects of deep brain stimula‐
tion (DBS) procedures are not well understood, we also followed the 
cognitive status. During the long‐term follow‐up, DBS had no notice‐
able influence on patients' perception in our report, which mostly 
agreed with studies of DBS on isolated dystonia.

The small number of patients tested was a limitation to our study 
(n = 5). A larger sample population is likely to result in more objective 
and credible outcomes. Also, the heterogeneity between patients 
would be a concern for further studies, even if PTD is not a common 
condition. Further studies may explore the optimal target for surgi‐
cal treatment of PTD.

5  | CONCLUSIONS

Based on the limited information available, DBS may be a poten‐
tial treatment for medically refractory PTD, but this needs further 
exploration. Furthermore, to assess whether the GPi or the STN is 
preferable in PTD with GP lesion will require larger studies to reach 
definitive conclusions.

ACKOWLEDG EMENTS

We would like to thank all patients for participating in this study.

CONFLIC T OF INTERE S T

Dr Dian‐you Li and Dr Chen‐cheng Zhang have received hono‐
raria and travel expenses from the Deep Brain Stimulation industry 

(Medtronic, PINS, SceneRay). Dr Bo‐min Sun received research sup‐
port from PINS and SceneRay (donated devices); The other authors 
have no conflicts.

ORCID

Dian‐You Li  https://orcid.org/0000‐0003‐4212‐4231 

R E FE R E N C E S

 1. Krauss JK, Trankle R, Kopp KH. Post‐traumatic movement disorders 
in survivors of severe head injury. Neurology. 1996;47(6):1488‐1492.

 2. Jabbari B, Paul J, Scherokman B, Van Dam B. Posttraumatic seg‐
mental axial dystonia. Mov Disord. 1992;7(1):78‐81.

 3. Krauss JK, Mohadjer M, Braus DF, et al. Dystonia following head 
trauma: a report of nine patients and review of the literature. Mov 
Disord. 1992;7(3):263‐272.

 4. Boccagni C, Bagnato S, Sant'angelo A, Galardi G. Dystonia after se‐
vere brain injuries. Mov Disord. 2014;29(4):578.

 5. Frei K. Posttraumatic dystonia. J Neurol Sci. 2017;379:183‐191.
 6. Chang JW, Choi JY, Lee BW, Kang UJ, Chung SS. Unilateral globus 

pallidus internus stimulation improves delayed onset post‐trau‐
matic cervical dystonia with an ipsilateral focal basal ganglia lesion. 
J Neurol Neurosurg Psychiatry. 2002;73(5):588‐590.

 7. Margolesky J, Schoen N, Jermakowicz W, et al. Subthalamic nucleus 
deep brain stimulation for the treatment of secondary dystonia: A 
case series and review of literature. Brain Stimul. 2017;10(4):870‐872.

 8. Deng Z, Pan Y, Zhang C, et al. Subthalamic deep brain stimulation 
in patients with primary dystonia: A ten‐year follow‐up study. 
Parkinsonism Relat Disord. 2018;55:103‐110.

 9. Gruber D, Trottenberg T, Kivi A, et al. Long‐term effects of pallidal deep 
brain stimulation in tardive dystonia. Neurology. 2009;73(1):53‐58.

 10. Deng ZD, Li DY, Zhang CC, et al. Long‐term follow‐up of bilateral 
subthalamic deep brain stimulation for refractory tardive dystonia. 
Parkinsonism Relat Disord. 2017;41:58‐65.

 11. Kim JP, Chang WS, Chang JW. The long‐term surgical outcomes of 
secondary hemidystonia associated with post‐traumatic brain in‐
jury. Acta Neurochir (Wien). 2012;154(5):823‐830.

 12. Sellal F, Hirsch E, Barth P, Blond S, Marescaux C. A case of symp‐
tomatic hemidystonia improved by ventroposterolateral thalamic 
electrostimulation. Mov Disord. 1993;8(4):515‐518.

 13. Jahanshahi M, Czernecki V, Zurowski AM. Neuropsychological, 
neuropsychiatric, and quality of life issues in DBS for dystonia. Mov 
Disord. 2011;26(Suppl 1):S63‐S78.

 14. Lin S, Wu Y, Li H, et al. Deep brain stimulation of the globus palli‐
dus internus versus the subthalamic nucleus in isolated dystonia. 
J Neurosurg. 2019. https://doi.org/10.3171/2018.12.JNS181927. 
[Epub ahead of print].

 15. Ren J, Luan GM. Delayed focal dystonia after traumatic brain injury 
treated with contralateral GPi‐DBS: Case report. Movement Disord. 
2014;29:S96‐S97.

 16. Loher TJ, Hasdemir MG, Burgunder JM, Krauss JK. Long‐term fol‐
low‐up study of chronic globus pallidus internus stimulation for 
posttraumatic hemidystonia. J Neurosurg. 2000;92(3):457‐60.

 17. Slow EJ, Hamani C, Lozano AM, Poon YY, Moro E. Deep brain stim‐
ulation for treatment of dystonia secondary to stroke or trauma. J 
Neurol Neurosurg Psychiatry. 2015;86(9):1046‐1048.

 18. Krauss JK, Jankovic J. Head injury and posttraumatic movement 
disorders. Neurosurgery. 2002;50(5):927‐939; discussion 39‐40.

 19. Fonoff ET, Campos WK, Mandel M, Alho EJ, Teixeira MJ. Bilateral 
subthalamic nucleus stimulation for generalized dystonia after bi‐
lateral pallidotomy. Mov Disord. 2012;27(12):1559‐1563.

https://orcid.org/0000-0003-4212-4231
https://orcid.org/0000-0003-4212-4231
https://doi.org/10.3171/2018.12.JNS181927


     |  1269LI et aL.

 20. Dec M, Tutaj M, Rudzinska M, et al. Subthalamic nucleus deep brain 
stimulation after bilateral pallidotomy in the treatment of general‐
ized dystonia. Parkinsonism Relat Disord. 2014;20(1):131‐133.

 21. Rojas‐Medina LM, Esteban‐Fernández L, Rodriguez‐Berrocal 
V, et al. Deep brain stimulation in posttraumatic tremor: A se‐
ries of cases and literature review. Stereotact Funct Neurosurg. 
2016;94(6):379‐386.

 22. Patel A, Deeb W, Okun MS. Deep brain stimulation management 
of essential tremor with dystonic features. Tremor Other Hyperkinet 
Mov (NY). 2018;8:557.

 23. Parent M, Parent A. The pallidofugal motor fiber system in pri‐
mates. Parkinsonism Relat Disord. 2004;10(4):203‐211.

 24. Miocinovic S, Parent M, Butson CR, et al. Computational anal‐
ysis of subthalamic nucleus and lenticular fasciculus activa‐
tion during therapeutic deep brain stimulation. J Neurophysiol. 
2006;96(3):1569‐1580.

 25. Zhang JG, Zhang K, Wang ZC, Ge M, Ma Y. Deep brain stimula‐
tion in the treatment of secondary dystonia. Chin Med J (Engl). 
2006;119(24):2069‐2074.

 26. Martinez JA, Vidarte OA, Uribe GA. Functional neurosurgery 
for secondary dystonia: indications and long‐term results. Acta 
Neurochir Suppl. 2013;117:61‐66.

 27. Kwon CS, Hasegawa H, Sokratous G, et al. Globus pallidus internus 
deep brain stimulation for traumatic hemidystonia following pene‐
trating head injury. World Neurosurg. 2016;92(586):e1‐e4.

 28. Kang DW, Kang JH, Lee MS, Chang JW. Posttraumatic hemidys‐
tonia treated with unilateral globus pallidus interna stimulation: 
Long‐term follow‐up and radiologic features. Neuromodulation. 
2010;13(4):261‐264.

 29. Carvalho KS, Sukul VV, Bookland MJ, Koch SA, Connolly PJ. Deep 
brain stimulation of the globus pallidus suppresses post‐traumatic 
dystonic tremor. J Clin Neurosci. 2014;21(1):153‐155.

How to cite this article: Li H‐X, He L, Zhang C‐C, et al. Deep 
brain stimulation in post‐traumatic dystonia: A case series 
study. CNS Neurosci Ther. 2019;25:1262–1269. https://doi.
org/10.1111/cns.13145

https://doi.org/10.1111/cns.13145
https://doi.org/10.1111/cns.13145

