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orders. The available data do not allow making fi rm 
statements regarding the superiority of one approach 
over the other. Posterior approaches were fi rst used for 
decompression, but additional anterior fusion became 
necessary in many instances. Anterior approaches with 
or without instrumented fusion yielded more favorable 
results, but drawbacks are pseudarthrosis and adjacent-
level disease. Parallel to the development of posterior 
fusion techniques, circumferential surgery was suggest-
ed to provide a maximum degree of cord decompression 
and a higher fusion rate. Perioperative local injections of 
botulinum toxin were used initially to enhance patient 
comfort with halo immobilization, but they are also ap-
plied in patients without external fi xation nowadays. 
Treatment algorithms directed at the underlying move-
ment disorder itself, taking advantage of new techniques 
of functional neurosurgery, combined with spinal sur-
gery have recently been introduced and show promising 
results. 

 Copyright © 2006 S. Karger AG, Basel 

 Movement disorders affecting the neck can result in 
premature cervical spondylosis and other degenerative 
spinal pathology  [1–11] . In particular, dystonic move-
ment disorders can cause severe degenerative disease of 
the upper cervical spine including even spontaneous cra-
niocervical osseous fusion, fractures and subluxation  [1, 
6, 11, 12] . Nevertheless, the occurrence of degenerative 
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  Abstract 
 The occurrence of degenerative spinal disease subse-
quent to dystonic movement disorders has been neglect-
ed and has received more attention only recently. Spinal 
surgery is challenging with regard to continuous me-
chanical stress when treatment of the underlying move-
ment disorder is insuffi cient. To characterize better the 
particular features of degenerative spinal disease in pa-
tients with dystonia and to analyze operative strategies, 
we reviewed the available published data. Epidemiolog-
ic studies reveal that degenerative spinal disorders in 
patients with dystonia and choreoathetosis occur much 
earlier than in the physiological aging process. Dystonic 
movement disorders more often affect the spine at high-
er cervical levels (C 2–5 ), in contrast to spinal degeneration 
with age which manifests more frequently at the middle 
and lower cervical spine (C 5–7 ). Degenerative changes of 
the cervical spine are more likely to occur on the side 
where the chin is rotated or tilted to. Various operative 
approaches for treatment of spinal pathologies have 
been advocated in patients with dystonic movement dis-
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spinal pathology still is often neglected in movement dis-
orders, and patients are referred only late or not at all for 
surgical treatment  [2] . Cervical myelopathy and radicu-
lopathies due to cervical spondylosis may result in sec-
ondary neurological defi cits and additional disability  [6] . 
Patients with spinal pathology due to poorly controlled 
movement disorders usually are not considered good can-
didates for spinal surgery, fi rst because it is often assumed 
that only limited benefi t will be achieved, and second be-
cause it is thought that surgical complications and the risk 
of spinal instability are higher than in other patients. Sev-
eral case reports and series on spinal surgery in patients 
with movement disorders have been published within the 
past three decades. Treatment concepts, however, differ 
markedly regarding the surgical approach, the extent of 
decompression, the need for postoperative fusion or in-
strumented stabilization, and the methods used for spinal 
stabilization. Only recently has more attention been paid 
to concurrent treatment of the underlying movement dis-
order by functional neurosurgical procedures. 

 Here, we review the available data on the occurrence 
and the frequency of spinal pathology in dystonic move-
ment disorders both from a neurological and a neurosur-
gical perspective. We also analyze published data on sur-
gical strategies and postoperative outcome, and suggest 
treatment strategies for patients who need spinal sur-
gery. 

 Dystonic Movement Disorders and 
Degenerative Spinal Disease 

 Abnormal neck movements in patients with general-
ized or focal dystonia tend to accelerate degeneration of 
the cervical spine due to mechanical overstress to the 
disks and zygapophysial joints. Cervical spondylosis with 
radiculopathy or myelopathy has been reported in pa-
tients with generalized dystonia  [10, 13–26]  and in pa-
tients with cervical dystonia (CD) and segmental dysto-
nia  [2, 3, 5, 26–28] . There is little epidemiologic data on 
the incidence of degenerative spinal disorders in patients 
with dystonic movement disorders. Overall, the preva-
lence has been estimated to range between 18 and 41% 
 [6] . Comparison with control groups, however, is mostly 
lacking and patient selection is subject to bias. 

 In 1962, Anderson et al.  [14]  were the fi rst to describe 
the occurrence of cervical spondylosis in patients with 
congenital athetosis. Soon thereafter, Levine et al.  [21] 
 reported a high incidence of degenerative spinal disorders 
in a study on 20 patients with dystonic movement disor-

ders (mean age 41.5 years; range, 21–56 years). Relevant 
degenerative changes were demonstrated in 50% of their 
patients on X-rays. Those with advanced degenerative 
changes had a longer history of movement disorders. Fur-
ther epidemiological data were provided mainly by Japa-
nese authors in the 1980s  [17, 19, 22] . Harada et al.  [18] 
 compared X-rays of 180 patients with athetoid cerebral 
palsy (CP) to those of 417 unselected controls with spinal 
disorders. In their series, 43 out of the 180 CP patients 
were operated on for cervical myelopathy. Marked to se-
vere disk degeneration (grades 3 and 4 according to their 
classifi cation) was found in 65% of operated CP patients 
and in 46% of nonoperated CP patients, whereas disk 
degeneration grades 3 and 4 was seen in only 6% of the 
control group. In a recent systematic CT study on patients 
with CD (mean age 53.5 years), 14 out of 34 patients 
(41%) had moderate to severe signs of cervical spine de-
generation  [2] . The extent and severity of the degenera-
tive changes clearly exceeded that which would have been 
expected in a reference population of the same age  [29, 
30] . 

 Radiculopathies or myelopathy manifest at a younger 
age in patients with movement disorders. In series of pa-
tients with early-onset generalized dystonia or choreoath-
etosis the mean age ranged between 33 and 38 years  [18, 
19, 22] . In CD patients, radiculopathies or myelopathy 
were noted at a mean age of 48 years  [5] . Mean duration 
from onset of CD until diagnosis of radiculopathy or my-
elopathy was 5.8 years. When a group of CD patients with 
no or slight degenerative changes of the cervical spine was 
compared to another group of CD patients with moderate  

 or severe changes, no signifi cant difference in age, sex, 
duration of torticollis,   degree of disability, or pain was 
found  [2] . For the group with moderate or severe spinal 
degeneration, however, the mean interval between onset 
of the movement disorder and effective treatment was 
signifi cantly longer (10.1 years), and head tremor was se-
verer. 

 Several studies have shown that dystonic movement 
disorders tend to affect the cervical spine at higher levels 
more frequently  [10, 13, 14, 18–21, 23, 31] . In CD pa-
tients, degenerative changes were reported predominant-
ly at the C 2/3  and C 3/4  levels  [2] . Physiological movements 
in normal aging, in contrast, have their main degenerative 
impact on the lower cervical spine  [9, 32, 33] . Degenera-
tive changes usually occur in the segments C 3 –C 7  and 
involve most frequently the uncovertebral joints at C 5/6 . 
The segment C 6/7  is the second most frequently affected, 
whereas the segment C 2/3  is most rarely involved. Thus, 
the degenerative changes in the segments C 2/3  in CD pa-
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tients appear not to be related to an accelerated aging 
process. The C 2/3  intervertebral joints are a transition 
zone between the upper cervical spine, which is mainly 
mobile in the horizontal plane (rotation), and the lower 
cervical spine, where movements in the sagittal plane pre-
dominate  [34] . Therefore, biomechanical stress by invol-
untary, particularly complex rotatory movements in CD 
and CP patients have more impact on the upper cervical 
spine  [19, 31, 35–37] . The mobility of the C 0/1  and the 
C 1/2  segments does not decrease with age, but on the con-
trary increases somewhat, whereas ankylosis gradually 
develops age-dependently in the lower cervical segments 
 [38] . In addition, the combination of abnormal lateral 
fl exion of the neck and rotation is likely to be detrimental 
in dystonia patients  [36, 38] . Thickening of the ligamen-
tum fl avum is another important factor for the develop-
ment of radiculopathy and myelopathy  [19, 39] . Degen-
erative changes often are asymmetrical, and they are 
found more frequently on the side where the head is ro-
tated or tilted to  [2, 21] . Instability of the cervical spine 
also tends to be more frequent in patients with dystonic 
movement disorders. Harada et al.  [18]  reported listhetic 
instability at the C 3/4  level in 17%, and at the C 4/5  level 
in 27% of their CP patients, whereas it was six times, re-
spectively eight times, less frequent in their control group. 
A systematic study of cervical instability was performed 
in another series of 57 patients with athetoid CP by dy-
namic X-rays  [31] . Segmental instability, defi ned as an-
terior or posterior slippage of more than 3 mm or in-
creased rotation, was found to be frequent and at multiple 
levels of the cervical spine. It was present at C 2/3  in 13% 
of patients, at C 3/4  in 26%, at C 4/5  in 35%, at C 5/6  in 15%, 
and at C 6/7  in 4%. When velocity and acceleration during 
fl exion/extension motion of the cervical spine was ana-
lyzed in patients with athetoid CP, a sudden increase in 
velocity and acceleration occurred during rapid move-
ments at various levels, resulting in a larger overall range 
of motion of the cervical spine in CP patients but not in 
controls  [35] . The greater shearing forces and bending 
stress were suggested to predispose the cervical spine to 
premature instability. 

 Recently, it has been postulated that scoliosis, which 
is idiopathic in most cases, but which might also be due 
to degenerative spinal disease, could be a risk factor for 
the development of CD. A multicenter case-control study 
showed that idiopathic scoliosis developing in middle or 
late childhood or at around puberty is associated more 
frequently with CD independent of age, duration of dis-
ease,    education,   other    spinal    diseases   and   family   his-
tory of dystonia  [40] . The authors suggested that static 

changes may induce compensatory involuntary postures 
or might alter peripheral sensory input from the trunk 
leading to central cortical and subcortical reorganiza-
tion. 

 Spinal Surgery in Dystonic Movement 
Disorders 

 The fi rst attempt at spinal surgery in a patient with 
dystonia was reported by Anderson et al. in 1962  [14] . 
The operation was discontinued, however, due to intra-
operative complications, and it took several years until 
this issue was reconsidered. A chronological survey over 
the studies on surgery of degenerative spinal disorders in 
dystonic movement disorder patients is summarized in 
 table 1   [4, 5, 8, 13–22, 24, 28, 41–46] . Note that reports 
in Japanese were not included in this analysis. Overall, 
approximately 200 patients with dystonic movement dis-
orders undergoing spinal surgery are described in the lit-
erature written in English. Interpretation and comparison 
of reports, however, is diffi cult because of several meth-
odological limitations, such as lack of clear differentia-
tion between focal, segmental and generalized forms of 
dystonia and the absence of standardized and compara-
ble scales to measure outcome. Furthermore, some stud-
ies include only few patients, the study design is retro-
spective,  and  information on follow-up is limited. In 
what follows, we will review the impact of different ap-
proaches and techniques as far as possible. 

 Posterior Approach 
 Laminectomy for decompression of the cervical spinal 

cord and the foramina – introduced in the early 1970s – 
was the fi rst technique which was routinely used in pa-
tients with dystonic movement disorders  [16, 20, 21, 43] . 
In early series, postoperative results were only rarely sat-
isfactory. At least partially, this was due to poor patient 
selection and in some cases it was recognized that surgery 
had been carried out ‘too late’ in patients who were al-
ready plegic and had irreversible neurological damage 
 [21] . A major disadvantage of posterior decompression 
in early series was the lack of technical equipment to per-
form stabilization via a posterior approach. Although ear-
ly postoperative improvement was achieved after poste-
rior decompression, it became necessary to add anterior 
fusion techniques in some instances when deformity in-
creased with subsequent instability on long-term follow-
up  [22] . This led to the general belief that laminectomy 
would be contraindicated in patients with dystonia  [22] . 
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Authors,
year of 
publication

Pa-
tients

Age at
surgery, 
years

MD Duration
of MD prior
to surgery,
years

Level of
pathology

Approach
anterior (A)
posterior (P)

Operative procedure Length
of FU
after
surgery

Functional 
outcome

Outcome of spinal 
surgery

Levine et al. 
[21], 1970

1 38 CA 38 C3–7 P extensive laminectomy 
(C2–T1)

weeks unchanged 
(‘downhill course 
continued’)

NA

Brown et al. 
[41], 1982

8 11–30 CA NA thoraco-
lumbar 
scoliosis

A + P anterior discectomy + 
instrumented fusion; 
posterior instrumented 
fusion

1–7
years
(mean
3.9 
years)

mild imp. correction of scoliosis 
in most patients; solid 
fusion in 82% of 
patients; problems 
with instrumentation 
in 50%

McCluer [43], 
1982

3 41–60 CA 41–60 C2–7; 
C3–7; C4/5

A (1);
P (2)

discectomy (1); 
laminectomy (2)

NA unchanged or 
worsening

NA

Hirose and 
Kadoya [19], 
1984

4 27–41 CA 27–32 C3/4 (3); 
C3–5 (1)

A discectomy; iliac crest 
grafting (3)

1.4–4.5 
years

moderate imp. solid fusion

Nishihara et 
al. [22], 1984

9 19–52 CA NA C2/3 (1);
C3–5 (7);
C4/5 (1)

A (7);
A + P (2)

discectomy + iliac
crest grafting (9); 
laminectomy (2)

1–12
years
(mean
5.4 
years)

moderate
imp. (7) 
mild imp. (1) 
worsening (1)

good fusion with 
anterior interbody 
fusion and halo (7); 
instability after lami-
nectomy (additional 
anterior operation 
after 3 + 6 years)

Fuji et al.
[17], 1987

10 30–58 CA NA predomi-
nantly upper 
cervical
spine

A (7);
A + P (3)

corporectomy or 
discectomy; iliac crest 
grafting; interspinous 
wiring (3)

2–6 
years
(mean
5 years)

marked imp. (6) 
mild imp. (3)
no imp. (1)

good fusion (6);
collapse of the graft (2); 
kyphotic deformity 
(1); pseudarthrosis (1)

Kidron et al. 
[20], 1987

2 45, 64 CA NA C5–7;
C4–7

P laminectomy NA worsening NA

El-Mallakh et 
al. [16], 1989

2 48, 68 CA 48, 68 C3–7;
C3–6

P laminectomy 1 + 2
years

mild imp. NA

Traynelis et al. 
[28], 1992

2 34, 64 CD 34, 15 C4–7;
C0/1

P laminectomy + fusion
with lateral mass plates 
C4–7 (1); occipitocervical 
fusion (1)

4–6
months

NA solid fusion after 6 
months of halo vest 
immobilization (1)

Adler et al. 
[13], 1996

3 34–62 CD (2);
GD (1)

20–22 C4–6 (2);
C3–6 (1)

A + P (1);
A (1);
P (1)

anterior and posterior 
fusion (1); discectomy + 
fusion (1); laminectomy 
(1)

2–9
months

unchanged (1)
mild imp. (2)

stable fusion (2; CD, 
GD); no instability 
after laminectomy in 
CD

Harada et al. 
[18], 1996

43 19–60 CA NA C2–7 NA NA NA NA NA

Mikawa et al. 
[44], 1997

2 35, 61 CA 35, 61 C3–6;
C4–7

A + P discectomy + iliac
crest grafting (1);
anterior corporectomy 
iliac crest grafting + 
posterior instrumental 
fusion (1)

3 + 4
years

moderate imp. repeat surgery after 
anterior approach only 
+ second repeat 
surgery with posterior 
fusion; fi nally solid 
fusion in both patients

Pollak et al. 
[10], 1998

4 31–42 CA 31–42 C3/4 (2);
C4/5 (1);
C5/6 (1)

A discectomy + iliac crest 
grafting (3); discectomy 
+ ‘bone cement’ (1)

1–7
years

mild imp. (2)
unchanged (2)

solid anterior fusion 
(3); graft displacement 
(bone cement) requir-
ing reoperation (1)

Table 1. Literature review of surgery for treatment of degenerative spinal disorders in dystonic movement disorder patients (listed in 
chronological order)
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Nevertheless, several surgeons continued to perform pos-
terior decompression in selected patients with acceptable 
results  [8, 13] . In particular, favorable outcomes were re-
ported in patients who underwent limited-level laminec-
tomy for focal posterior osseous or ligamentous compres-
sion. 

 Anterior Approach 
 Anterior approaches and fusion techniques in patients 

with dystonic movement disorders were fi rst promoted 
in the early 1980s by Japanese groups  [17, 19, 22] . Hi-
rose and Kadoya  [19]  achieved anterior decompression 
via multilevel discectomies and interbody fusion by au-
tologous iliac bone grafts in a series of athetoid CP pa-
tients with cervical radiculopathy and myelopathy. They 

reported moderate improvement of motor function, 
walking ability and bladder dysfunction up to 4.5 years 
postoperatively, whereas sensory status remained un-
changed. In another series of athetoid CP patients, post-
operative outcome showed mild to moderate recovery of 
neurological defi cits in 8 out of 9 cases after anterior de-
compression and iliac crest fusion  [22] . Fusion was sup-
ported by immobilization with a halo device. This con-
cept was also adopted to perform corporectomies in pa-
tients with athetoid CP and cervical degenerative 
pathology  [17] . In this series, postoperative improvement 
classifi ed on the basis of the former activities of daily liv-
ing was considered marked in 6 patients, mild in 3 and 
poor in 1. Postoperative complications included pseud-
arthrosis and adjacent-level instability. Therefore, the au-

Authors,
year of 
publication

Pa-
tients

Age at
surgery, 
years

MD Duration
of MD prior
to surgery,
years

Level of
pathology

Approach
anterior (A)
posterior (P)

Operative procedure Length
of FU
after
surgery

Functional 
outcome

Outcome of spinal 
surgery

Racette et al. 
[24], 1998

2 38, 46 CA 38–46 C4–6;
C3–7

A;
A + P

anterior corporectomy 
with fi bular allograft  
fusion + plating (1); 
discectomy + iliac crest
grafting + plating +
laminectomy + fusion

9 + 12 
months

 mild imp. solid fusion

Epstein [42], 
1999

2 48, 52 CA 48, 52 C2–7;
C3–7

A + P anterior corporectomy 
with fusion and plating;
posterior wiring and 
fusion

9 + 12 
months

mild imp. solid fusion;
anterior graft
displacement (1)

Onari [45], 
2000

17 19–62 CA 19–62 predomi-
nantly C3–6

A + P discectomy; iliac crest 
grafting and plating + 
posterior instrumented
fusion (iliac bone +
wave-shaped rods) 

5–15.5
years

moderate
imp. (3)
mild imp. (11)
worsening (3)

solid fusion

Fricka et al. 
[4], 2001

1 15 GD 9 C0-sacrum
(lordosis)

A + P instrumented fusion
anteriorly from T7–12 + 
posteriorly from C3–L2

3 years mild imp. repeat surgery at 8 
months post opera ti ve-
ly with fusion of C0–5; 
correction of deformi-
ty at last follow-up

Krauss et al. 
[8], 20021

3 40–46 CA (2);
GD (1)

34–46 C2–7;
C3–5;
C7–T1

P (2);
A (1)

laminectomies (2);
multilevel corporectomy
+ cage fusion/plating (1)

20
months

mild imp. solid fusion (1)

Onari et al. 
[46], 20022

23 19–66 CA 19–66 predomi-
nantly C3–6

A + P discectomy; iliac crest 
grafting and plating + 
posterior instrumented
fusion (iliac bone +
wave-shaped rods)

5–17
years

good imp. (3)
moderate
imp. (11)
mild imp. (3)
unchanged (3)

solid fusion

CA = Choreoathetosis; FU = follow-up; GD = generalized dystonia; imp = improvement; MD = movement disorder; NA = not available. Figures in paren-
theses indicate number of patients.

1 Patients underwent pallidal stimulation for treatment of their movement disorders.
2 Extended series.

Table 1 (continued)
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thors recommended interspinous wiring as a supplement 
to anterior spinal fusion allowing earlier removal of halo 
fi xation. 

 Despite the drawbacks of anterior fusion which be-
came more evident over the years, mainly pseudarthrosis 
and adjacent-level disease, anterior decompression and 
fusion techniques have continued to be used as a single 
procedure in patients with dystonia. More recently, for 
example, Pollak et al.  [10]  reported on the long-term fol-
low-up of anterior fusion in 4 young patients with athe-
toid CP. Immobilization by Philadelphia collars for 2–3 
months after surgery was considered to be suffi cient for 
fusion when iliac crest was used as confi rmed on cervical 
spine X-rays. Graft displacement, however, occurred in 
a patient in whom methyl methacrylate was used, and a 
reoperation 5 years after the fi rst intervention was neces-
sary. Partial recovery of neurological defi cits due to ra-
diculomyelopathy was reported in all patients. 

 Combined Approaches 
 Realizing the relative advantages and disadvantages 

of the two approaches, anterior versus posterior decom-
pression and stabilization, the concept of combining both 
approaches became more popular  [13, 24, 42, 44, 45] . The 
introduction of this treatment concept was also fueled by 
the development of new hardware for posterior stabiliza-
tion. Parallel to its inception and acceptance in clinical 
practice, posterior stabilization techniques evolved from 
simple interspinous and interlaminar wiring techniques 
to using rods and plates, and fi nally pedicular and trans-
articular screws  [47–49] . Circumferential stabilization 
was initially used as a staged procedure in those patients 
in whom anterior or posterior decompression alone had 
failed  [22] . Since the mid 1990s, circumferential stabili-
zation was recommended as the procedure of choice to 
achieve optimal cord decompression with the highest fu-
sion rate in patients with dystonic movement disorders 
 [44, 45] . In particular, with this technique it became pos-
sible to perform more extensive spinal reconstructions 
and deformity correction, even in patients with advanced 
multilevel spinal degeneration. 

 The largest series, including 23 adult patients with gen-
eralized athetosis due to CP suffering from cervical my-
elopathy or radiculopathy, has recently been reported by 
Onari et al.  [46] . They used wave-shaped rods for poste-
rior stabilization and a screw-plating technique, or alter-
natively a screw-wiring technique, for anterior stabiliza-
tion. Fusion was promoted by tricortical iliac crest grafts 
for interbody fusion, and cancellous/cortical iliac bone 
grafts for interlaminar fusion. With this technique, con-

sistent functional improvement was achieved in almost 
all patients. At 1-year follow-up, most patients had relief 
of upper extremity pain, deltoid muscle weakness, and 
they were able to feed themselves. Improvement was 
maintained at a mean follow-up of 8.7 years. Surgery-re-
lated complications were described as minor, and there 
were few hardware failures which did not result in reop-
erations. Postoperatively, there were minor changes of 
the mean angular motion at segments adjacent to the sta-
bilization and between C 1  and C 2 , which resulted in slight 
atlantoaxial subluxation in some instances. 

 Peri- and Postoperative Immobilization 
 Early after the introduction of decompressive spinal 

surgery for patients with dystonic movement disorders, 
it was recognized that postoperative stabilization and fi x-
ation is necessary to achieve solid fusion and good long-
term functional outcome  [22] . In particular, when the 
movement disorder itself is not being treated, there is in-
creased stress and strain on the decompressed spinal seg-
ments as well as on adjacent levels. Immobilization with 
a halo vest has been shown to be useful to facilitate inter-
body fusion in patients in whom no spinal instrumenta-
tion was applied. It has also been used, however, in cases 
who underwent extensive spinal reconstruction with mul-
tilevel instrumented fusion  [28] . With the increasing use 
of plating techniques for anterior fusion, and wiring and 
plating techniques for posterior instrumentation and fu-
sion, halo immobilization has been replaced largely by 
hard collars for several weeks  [10, 13] . The more rigid 
constructs in circumferential stabilization allow patients 
to wear soft collars resulting in less discomfort in the post-
operative period  [46] . 

 Botulinum toxin (BTX) was introduced in the 1980s 
for treatment of movement disorders, and it has been 
shown to be particularly benefi cial in focal dystonia such 
as CD  [50] . The average duration of benefi t after intra-
muscular BTX injection is 3–4 months in CD patients 
 [51] . The initial purpose of using BTX injections in dys-
tonic patients who underwent spinal surgery was to assist 
in postoperative external immobilization and enhance 
patients’ tolerance and comfort with halo vests  [28] . In-
jections were repeated when longer periods of immobili-
zation were necessary. Subsequently, perioperative BTX 
injections were also performed by other groups and they 
are administered on a routine basis nowadays in several 
centers performing spinal surgery in dystonic patients. 
With its more widespread use, the concept of periopera-
tive BTX injection is applied also for patients with rigid 
anterior or posterior instrumentation without external 
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immobilization to reduce dystonic movements postop-
eratively and thus facilitate fusion. 

 Functional Neurosurgery 
 The concept that treatment algorithms for patients 

with dystonic movement disorders suffering from spinal 
degenerative disorders should also incorporate adequate 
measures to treat the movement disorder itself, taking 
advantage of the armamentarium of functional neurosur-
gery, gained more attention only recently. Concerning 
surgery of the cervical spine, two techniques are of par-
ticular interest – pallidal deep brain stimulation (DBS) 
 [52, 53]  and selective peripheral denervation and myot-
omy/myectomy. Since we introduced pallidal DBS for 
patients with otherwise refractory CD, its effi cacy and 
safety have been confi rmed by various groups  [53–56] . 
Pallidal DBS results in a long-term improvement of about 
60–70% of the movement disorder itself, dystonia-associ-
ated neck pain, and disability according to standard rat-
ing scales. While phasic dystonic movements may im-
prove within days after surgery, the full extent of amelio-
ration of the tonic-dystonic elements is appreciated more 
often with a delay of weeks and months. The benefi t of 
pallidal DBS is less pronounced in patients with second-
ary dystonia. In a recent study, we reported on combining 
chronic pallidal stimulation and spinal surgery in 3 pa-
tients with rapidly progressive cervical myelopathy sec-
ondary to severe cervical dyskinesias and dystonia in the 
context of a generalized dystonic movement disorder  [8] . 
Pallidal DBS was performed before spinal surgery in 2 
patients and 1 month thereafter in the third patient. Two 
patients with choreoathetoid CP underwent multilevel 
laminectomies. The third patient with primary genetic 
generalized dystonia had a spinal reconstruction includ-
ing C 3 –C 6  corporectomy, stabilization with a titanium 
cage fi lled with autologous bone, C 2 –C 7  anterior plating, 
and halo immobilization for 6 months. In both patients 
with choreoathetoid CP, the severity and frequency of 
cervical dyskinesias improved with pallidal DBS. The pa-
tient with prominent CD in the setting of generalized 
dystonia had almost complete relief of dystonic postur-
ing. Progression of cervical myelopathy was halted in all 
3 patients at a mean follow-up of 1.5 years. Although no 
signifi cant change was found in formal assessment of 
functional disability, patients subjectively reported better 
performance in activities of daily living. 

 There is only very little published on the experience 
with other functional neurosurgical procedures in move-
ment disorder patients with degenerative spinal pathol-
ogy. A patient with a ‘fi xed’ spine due to craniocervical 

osseous fusion caused by long-standing CD had marked 
relief of neck pain after partial myectomy of the dystonic 
sternocleidomastoid muscle and selective posterior rami-
sectomy of the contralateral posterior neck muscles de-
spite the position of the head was not corrected  [11] . 

 Discussion 

 Dystonic movement disorders frequently entail degen-
erative changes of the spine which more often affect up-
per cervical levels compared to the normal population 
and which appear at a younger age. The reasons why sec-
ondary spinal pathology is diagnosed often only with a 
delay in these patients are multifold. New neurological 
signs and symptoms are occasionally not appreciated in 
the right context, in particular, when they are embedded 
in a clinical picture with other neurological problems, 
such as in patients with choreoathetoid CP. Neck pain 
and pseudoradicular pain, on the other hand, are prima-
ry symptoms of CD itself. Good imaging studies are often 
hard to obtain without sedation or even general anesthe-
sia. Other issues that can be relevant include discontinu-
ous care by several health care providers over the years 
and sometimes restricted communication with the dis-
abled patient. It is important to note that the duration of 
inadequate treatment, independent of age and duration 
of disease, is a signifi cant risk factor for the development 
of degenerative spinal disease  [2] . One of the primary 
goals of the present review was to increase the awareness 
of the occurrence of degenerative spinal disease in dys-
tonic movement disorders and to disencourage therapeu-
tic nihilism. 

 Despite the methodological limitations of most of the 
studies on spinal surgery in patients with dystonic move-
ment disorders, it can be concluded that, overall, patients 
achieve mild to moderate benefi t, and that progression of 
secondary symptoms appears to be halted. Apart from 
yielding immediate improvement of disability, preven-
tion of further decline of functional disability is another 
important goal in this setting which, however, is much 
more diffi cult to measure and to quantify. The disability 
at the time of surgery most likely is of crucial importance 
to predict future outcome. While early after the introduc-
tion of spinal surgery for patients with movement disor-
ders patients were referred only late or ‘too late’ for sur-
gery, apparently there has been a shift to earlier referral 
for surgery within the past decade according to published 
data. Over the decades, surgical treatment has evolved 
from simple posterior decompression to anterior decom-
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  Fig. 1.  Sagittal MR scans of the cervical spine ( a ) and axial post-
myelographic CT at the C 7  level ( b ) of a 72-year-old man with seg-
mental tonic dystonia due to infantile cerebral palsy. This patient 
presented with a left-sided C 8  monoradiculopathy. Imaging studies 
show a synovial cyst with marked compression of the correspond-
ing nerve root. In the presence of relatively mild and predominant-
ly tonic cervical dystonia and with regard to his age, he underwent 
decompression of the synovial cyst via a posterior unilateral inter-
laminar fenestration. Two years postoperatively, his pain is allevi-
ated. 

  Fig. 2.  Preoperative sagittal MR scans ( a ) 
and postoperative X-rays of the cervical 
spine ( b ) of a 44-year-old man with segmen-
tal cervical/orofacial dystonia due to infan-
tile cerebral palsy. This patient presented 
with deterioration of his gait disorder and 
C 5  and C 6  radiculopathies of his right arm. 
Imaging studies showed severe multiseg-
mental spondylosis, spondylarthrosis and 
osteochondrosis of his cervical spine result-
ing in marked spinal canal stenosis at C 4 –
C 5 . The movement disorder was predomi-
nated by mainly tonic tilt of his head to the 
left shoulder and rotation of the chin to the 
right. Therefore, he fi rst underwent selec-
tive sternocleidomastoid denervation/my-
otomy on the left side combined with con-
tralateral C 1 –C 6  ramisectomy, which result-
ed in an 80% relief of his cervical dystonia. 
One month later, spinal decompression was 
performed via an anterior approach and 
two-level corporectomy with subsequent 
autologous bony fusion and cervical plate 
stabilization. Postoperatively, both the gait 
disturbance and the radicular defi cits im-
proved, and his condition remained stable 
over 2 years of follow-up. 
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pression, circumferential stabilization, and lately to con-
current treatment of the movement disorder itself. This 
evolution of surgical technique has been paralleled and 
made possible only by the technical development of spi-
nal surgery and implantation techniques. It appears that 
primary circumferential stabilization and fusion is supe-
rior to simple decompression techniques in subgroups of 
patients with dystonic movement disorders. Neverthe-
less, the available data do not allow to draw fi rm conclu-
sions and establish solid guidelines for treatment. An im-
portant question is whether or not we will have better data 
in the near future and whether the principles of evidence-
based medicine may be applied to this peculiar group of 
patients. 

 Outcome most often has been evaluated according to 
composite scores in these patients including relief of 
symptoms, change of disability and quality of life. As in-
dicated above, ‘minor improvement’ can be a suffi cient 
goal to achieve under these circumstances. Patient dis-
comfort in the postoperative period also has to be consid-
ered in the presence of movement disorders. In that re-
gard, both the introduction of more rigid constraints for 
spinal stabilization and the concomitant perioperative 
treatment with BTX injections have been a major prog-
ress. 

 Side effects of spinal surgery have been mentioned 
only rarely in patients with dystonic movement disorders. 
However, they may have been underestimated and un-
derreported. In a recent retrospective study on patients 
with Parkinson’s disease who underwent spinal surgery, 
the number of complications was clearly higher than an-
ticipated  [57] . In particular, a markedly increased rate of 
instrument-related complications and failure was noted. 
Postoperative deterioration of neurological signs and 
symptoms may be misinterpreted as a result of progres-
sion of the underlying neurological disorder itself. In most 
studies on spinal surgery for dystonic patients, the follow-
up period was relatively short, and thus instrument-re-
lated problems may have gone unnoticed. 

 The progress of functional neurosurgery will have a 
pivotal impact on treatment algorithms for patients with 
spinal pathology secondary to dystonic movement disor-
ders. Given the diversity of the phenomenology of dysto-
nia and the spinal pathology in the individual patient, we 
suggest to tailor treatment plans, similar as has been pro-
posed for denervation procedures in CD  [58] . Thus far, 
the authors have adopted this concept in a recent series 
of 16 patients with spinal disorders due to dystonia  [1, 8] . 
Data on technical details and outcome will be shown else-
where. For exemplary cases, see  fi gures 1–3 . Such a con-

cept may involve staged surgical procedures – not only 
for treatment of the movement disorder but also for the 
spinal problem. Whenever possible, action should be tak-
en to treat the movement disorder fi rst. The plan for spi-
nal surgery should focus both on the present clinical 
symptoms and the spinal pathomorphology. While mono-
radiculopathy may be treated adequately by posterior fo-
raminotomy in a patient with prominent torticollis, more 
extensive decompression and stabilization may be neces-
sary in patients with generalized choreoathetosis with 
multilevel compression, instability and myelopathy. Cir-
cumferential decompression and stabilization certainly 
yields the highest rate of fusion, but its higher surgical risk 
and the long-term risks of secondary instability and de-
formity have to be considered. 

 Careful evaluation of side effects of spinal surgery and 
of outcome is necessary along different axes under these 
special circumstances. Development of techniques and 
hardware for spinal instrumentation is a rapidly evolving 
fi eld. Improved techniques have opened new horizons in 
these multidisabled patients. 

  Fig. 3.  Preoperative sagittal MR scans of a 40-year-old woman with 
severe cervical dyskinesias due to choreoathetoid infantile cerebral 
palsy. This patient suffered from progression of paraparesis over 
several years, and she was wheelchair bound on presentation. MR 
studies show multilevel spondylosis and spinal stenosis with cervi-
cal myelopathy. There were continuous severe dyskinesias with 
writhing movements of her neck. She underwent bilateral pallidal 
DBS, which resulted in moderate improvement in the severity and 
the range of the dyskinetic movements of her neck. Three months 
thereafter, she underwent a three-level laminectomy via a posterior 
approach. The progression of cervical myelopathy was halted over 
a follow-up of 5 years. 
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 Conclusion 

 The treatment of spinal degenerative diseases in pa-
tients with dystonic movement disorders remains a for-
midable challenge. Clinicians should be aware that neu-
rosurgery offers unique perspectives in these patients 
 given the option to combine spinal and functional neuro-
surgical techniques to achieve optimal benefi t. Some gen-
eral guidelines on treatment algorithms are summarized 
in  table 2 . Given the paucity of data and the rapid devel-
opment of new technology, however, we have to recognize 
the preliminary nature of these recommendations. 

Table 2. General recommendations for surgical treatment of pa-
tients with spinal degenerative disease secondary to dystonic move-
ment disorders

Diagnostic
challenges

Deterioration of neurological defi cits in patients 
with a stable condition for years may indicate sec-
ondary spinal degenerative disease; further inves-
tigation should include MR imaging and fl exion/
extension roentgenological studies for evaluation 
of instability

Timing of
surgery

Spinal surgery should be performed before irrevers-
ible neurological defi cits are present; in some in-
stances, the more limited goal will be to halt further 
progression of secondary neurological defi cits

Whenever possible treatment of the movement dis-
order itself should be considered fi rst (medication, 
BTX, functional neurosurgery including denerva-
tion and myotomy procedures or stereotactic op-
erations)

In elderly patients with focal spinal pathology and 
stable movement disorders, spinal surgery only 
might be suffi cient

Tailored and individualized treatment concepts 
may be superior to standard approaches

Spinal
surgery
techniques

Simple limited decompression techniques (anteri-
or or posterior approaches) may be used for treat-
ment of focal pathologic changes

Anterior decompression with instrumented fusion 
or circumferential stabilization is the preferred 
treatment option in patients with instability or 
multilevel degenerative disease

Postoperative 
treatment

BTX injections are a useful adjunct to control tran-
siently both dystonic postures and movements.

Cervical or theses such as soft or hard collars suffi ce 
in the majority of cases and are recommended for 
several weeks

Halo immobilization may be necessary in special 
circumstances when the movement disorder may 
not be controlled adequately or with long and un-
usual instrumented constructs
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