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INTRODUCTION  

Patients with athetoid cerebral palsy (CP) show various involuntary movements of their
neck, face, arms and upper body. Early onset of degeneration of the cervical spine,
deformity and instability due to sustained abnormal muscular tonicity or excessive
movement of the neck are found in patients with athetoid type of cerebral palsy10,11).
Cervical spondylotic myelopathy, associated cerebral palsy, is a serious secondary disability
for the people who already have this congenital handicap19). But, it is not easy to determine
whether new neurological symptoms are as a result of the cervical spinal disorder with
myelopathy6). Preexisting spastic weakness of the extremities and abnormal movement may
interfere with identification of progressive myelopathy. There have been a few reports on
variable operative managements in patients with adult cervical spondylotic myelopathy
associated with athetoid cerebral palsy2,8,9,18). In Korea, however, there have been only a few
reports on operative management in patient with adult cervical spondylotic myelopathy
associated with athetoid cerebral palsy.

In this study, we analysed the patient’s clinical courses, the radiologic findings and the
surgical results of the techniques after operative treatment for cervical spondylotic
myelopathy in athetoid cerebral palsy. 

MATERIALS AND METHODS  

Patient population & surgical procedures 
Between January 1999 and December 2005, six patients with cervical spondylotic myelopathy

Objective : To evaluate the clinical characteristics and surgical outcomes of the patients with cervical
spondylotic myelopathy associated with athetoid cerebral palsy.
Methods : The authors reviewed the clinical and neurodiagnostic findings, surgical managements and
outcomes in six consecutive patients with cervical spondylotic myelopathy associated with athetoid  cerebral
palsy who had been treated with surgical decompression and fusion procedures between January 1999 and
December 2005. The mean age of the 6 patients (four women and two men) at the time of surgery was 42.8
years (range, 31-55 years). The mean follow-up period was 56.5 months (range, 17-112 months). The
neurological outcome was evaluated before and after operations (immediately, 6 months after and final
follow-up) using grading  systems of the walking ability, brachialgia and deltoid power. 
Results : At immediate postoperative period, after 6 months, and at final follow-up, all patients showed
apparent clinical improvements in walking ability, upper extremity pain and deltoid muscle strength. Late
neurological deterioration was not seen during follow-up periods. There were no serious complications related
to surgery.
Conclusion : Surgical decompression and stabilization in patients with cervical spondylotic myelopathy
associated with athetoid cerebral palsy have been challenging procedure up to now. Our results indicate that
early diagnosis and appropriate surgical procedure can effectively improve the clinical symptoms and
neurological function in patients with cervical spondylotic myelopathy and athetoid cerebral palsy, even in those
with severe involuntary movements. 
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secondary to athetoid cerebral palsy
underwent surgical decompression
and fusion at our hospital. The mean
age of the 6 patients (four women and
two men) at the time of surgery was
42.8 years(range 31-55 years). Before
the onset of myelopathy, 3 patients
could walk without assistance; one
could walk with a cane and two could
not ambulate at all. At the time of
admission, three patients could not
walk, two could walk only with
assistance, and one could walk without
assistance. Upper extremity pain was
classified as Grade 4 in 2 patients,
Grade 5 in four patients, according to
the Denis Pain Scale5). An manual
muscle test (MMT) revealed deltoid
muscle weakness in all patients (four
Grade 3, two Grade 4). The mean
duration of deterioration, beginning
with numbness in the extremities and
continuing with a decline in muscular
or walking abilities that led to surgery,
was 14.2 months (range 2-36 months)
(Table 1).

Surgical procedures performed
included one level anterior discectomy
with fusion (two patient), three level
anterior corpectomy with fusion (two
patients) and two or three level anterior
corpectomy, anterior fusion and staged
posterior decompression with occipi
tocervical fusion (two patients). Post
operative immobilizations were attained
with halo-vests at the all patients (range :
2.5-6 months). 

Clinical evaluation
Six patients were followed for more than 17 months

(mean follow up 56.5 months, range 17-112 months).
Preoperative and postoperative clinical evaluation were
done by questionnaires in which the patients were asked
about upper extremity pain, and neurological examination
to evaluate walking ability and deltoid muscle function.
Ambulation was classified into three grades : Grade 1, able
to ambulate without help; Grade 2, able to ambulate using
a cane or other assistance; and Grade 3, unable to ambulate
and requiring a wheelchair19). Upper extremity pain was
rated according to the Denis Pain Scale5). Deltoid muscle

strength was evaluated using Manual Muscle Test (MMT).
Neulologic evaluations were evaluated by estimation of the
upper and lower extremity motor power, upper extremity
pain. Each parameters were assessed using the walking
ability grading (on lower extremity motor power), deltoid

Table 1. Case summary 

Case Age(yrs) at Period from Location of Surgical External Orthosis

No. Op / Sex Onset (mos) Lesion Procedure (duration : mos)   

1 31/M 11 C34 Ant. ; C34 Dc , C3-C4 Fix Halo (2.5)

2 44/F 4
C4-6,

Ant. ; C4-5-6 Cor, C3-C7 Fix Halo (6)
C67    

3 44/F 36 C4-7 Ant. ; C5-6-7 Cor, C4-T1 Fix Halo (6)

4 39/F 2 C3-6
Ant. ; C4-5 Cor, C67 Dc, C3-C7 Fix

Halo (6)
Post.; C2-4 Ln, OCF

5 44/F 30
O-C1-2, Ant. ; C5-7 Cor, C4-T1 Fix

Halo (4)
C3-7 Post.; C1 Ln, OCF

6 55/M 2 C34 Ant. ; C34 Dc, C3-4 Fix Halo (2.5)

Mean 42.8 14.2  

Op : Operation, yrs : years, Mos : Months, Ant. : Anterior, Post. : Posterior, Dc : Discectomy, Fix : Fixation, Cor : 
Corpectomy, Ln : Laminectomy, Ocf : Ociipito-cervical fusion

Table 4. Surgical complications 

Complications Number of patients

Transient aggravation of the quadriparesis 1

Transient aggravation of the paresthesia & pain 2

Postoperative hematoma collection 1

Partial pullout of the inferior screw 2

Halovest loosening and pin site infection 4

Table 2. Methods of the clinical evaluation 

Method Grade Description 

Walking  Grade 1 Able to walk without aid 

ability16) Grade 2 Able to walk with aid 

Grade 3 Need for wheelchair 

Pain scale Grade 1 No pain

( by Denis4)) Grade 2 Occasional minimal pain with no need of medication

Grade 3
Moderate pain with occasional medication, but no 

interruption of work or significant change in daily life activities 

Grade 4
Moderate to severe pain with frequent medication and occasional 

absence from work or significant change in daily life activities 

Grade 5 Constant or severe incapacitating pain with chronic medication

Table 3. Clinical Results  

No.
F/up Walking Ability             Brachialgia (pain scale) Deltoid Power

(mo) pre 6 mo final pre final pre final 

1 18 3 3 3 5 2 III IV0

2 60 2 1 1 4 2 IV- V             

3 68 1 1 1 5 2 III V

4 64 3 2 1  4 3 IV- IV0

5 112 2 1 1 5 2 III IV+

6 17 3 3 3 5 3 III  III  

Mean ( 56.5 )

F/up : Follow up, mo:month, pre : preoperative, 6 months : 6 months after operation, final : final follow up 



power grading by the MMT (on
upper extremity power) and upper
extremity pain scale (Denis pain
scale). Surgery-related results were
assessed as excellent (improvement of
more than two grades), good (im-
provement of one grade), or poor (no
improvement or deterioration).

RESULTS   

Walking ability
Two patients who were not able to

ambulate since childhood were not
improved. Function in one patient who
was able to walk without assistance
preoperatively was maintained after
surgery. In other patient, status improved
from Grade 3 to 1 in whom result was
judged to be excellent. Additionally,
outcome in two were classified as
good in those improving one grade
(from Grade 2 to 1) (Table 2 and 3).

Pain status 
In six patients with preoperative

upper extremity pain, relief at final
follow-up examination was excellent
in five (improving two or three
grades) and good in one (improving
one grade). 

Deltoid muscle strength status
Of the six patients in whom deltoid muscle weakness was

demonstrated preoperatively, postoperative improvement
was excellent in one and good in three patient. Two
patients with muscle strength of Grade 3 and 4 experienced
no improvement. Results at the final follow-up examination
did not differ appreciably from those at 1 year.

Surgical complications
There were no serious complications related to surgery.

Aggravation of weakness and spasticity of the lower
extremities were seen in one patient in whom anterior
decompression for the diseased upper level was not
adequate, was relieved with posterior extended decom-
pression and fusion (Fig. 1).

Transient worsening of the paresthesia and pain was
seen in the two cases.    

Neither breakages of the plates and rods nor fractures of

the screws occurred. 
Slight inferior screw backout occurred in two patients, but

screw dislodgments were not progressed by maintenance
external fixation with halovest and posterior wide fixation
procedure, and the screws remained at the same positions.

In 4 patients of them, loosening and/or infection of the
insertion sites of screws of the halovest were observed
several times due to persistant, involuntary neck motion.
Characteristically, other 2 cases, performed anterior and
occipitocervical fusion, were not associated with the
complication related with application of the halo device
(Figs. 1, 2).

DISCUSSION

Early onset of degeneration of the cervical spine and
instability due to sustained abnormal tonicity or abnormal
movement of the neck are found in patients with cerebral
palsy10,11). Dystonic athetoid neck movements may cause
excessive axial neck rotation as well as flexion and
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Fig. 1. This 39-year-old woman developed progressive quadriparesis and intractable upper
extremity pain in the one month before admission. An preoperative lateral x-ray (A) and MR sagittal
image (B) of the cervical spine demonstrate degenerative changes and severe cord compression
at C3-4, C5-6, and C6-7. She underwent anterior C4, 5 corpectomy and C6-7 discectomy, C3-C7
anterior plating with fusion (C). Her symptoms was improved immediately after operation. Two
days after operation, progressive quadriplegia was developed. Follow up MRI shows severe, focal
compression with signal change of the cord at the upper portion of the operative area (D).
Laminectomy and occipitocervical fusion by posterior approach followed by halo vest apply was
done. After second operation, her walking ability was slowly gained, she walked independantly 1
month later. Lateral x-ray film obtained 68 months postoperatively (E).

A

D

B

E

C
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extension movements of the spine. These repetitive
exaggerated movements may result in early degenerative
changes of the vertebrae which may enhance the myelo-
radiculopathy11). Although adult athetoid cerebral palsy
patients associated with the late onset of functional
deterioration are related with variable causes, an
unexplained change or deterioration of neurological
function in patients with cerebral palsy should merit the
consideration of the possibility of cervical myelopathy due
to early degeneration or instability of the cervical
spine14,15). In addition to compression against neural
elements by canal stenosis from excessive spondylotic
changes, severe dynamic instability of the spine induced
by sustained involuntary movements and malalignment
of the cervical spine due to the long-lasting strain of
cervical muscle imbalance are the main pathologic factors
leading to the serious disability. As well as the adequate
decompression of the compressed neural elements (cord
and/or roots), stabilization of the cervical spine and
correction of the malalignment are the most important
surgery-related goals in cases of this disease, and therefore
extremely rigid fixation should be required19,28).

Clinically, there are many characteristic features in
patients with athetoid cerebral palsy compared with other
patients without this disease11). Onset of the clinical
symptoms and signs of the myelopathy are usually seen in
the earlier ages than other patients2,19,20,28). In our studies,
average age at the time of surgery was 40.4 years (range,
31-40.4 years). The most characteristic feature of this

pathology is that in most patients the lesions ocucur at
several intervertebral levels and they are often caused by
severe dynamic instability, mostly between C3 and C4,
and between C4 and C54,19,28). Moreover, dysfunction
such as weakness of the muscles and atrophy in the upper
extremities considered to be a disorder of the anterior
horn of the spinal gray matter and/or roots of the C5
segment, are also frequently associated with the cervical
lesions19). 

Since the first report of cervical spondylotic myelopathy
in patients with athetoid cerebral palsy, by Anderson et al.
in 19621), surgical results have often be poor, because of
the unusual operation conditions, such as the patient’s
involuntary movements and instability, that made
conservative treatments , such as cervical orthosis, cervical
halter traction, and medication. But, conservative
treatment are usually not effective and may be dangerous
because patient cannot maintain neck immobilization1,19).

In earlier era of the operation for cervical spondylotic
myelopathy associated cerebral palsy, laminectomy was
performed. But, laminectomy frequently caused spinal
instability and consequent recurrence of symptoms in
the relatively early postoperative period; subsequently,
laminectomy was thought to be contraindicated in
athetoid cerebral palsy1,15,27,28). Thereafter, anterior21,22)

and/or posterior spinal fusions of several methods have
been reported, and their short-term or mid-term results
do not seem unsatisfactory. However, most of the
reports are small cases and long-term follow-up studies
are very rare.

Several reports have shown that multilevel anterior
decompression and fusion may lead to good clinical
results if bony fusion could be obtained without such
complications as significant graft extrusion and hardware-
related complications and kyphotic deformity21,22). But,
several physicians, who carried out the long-term follow-
up studies, reported that considerable patients had shown
recurrence of symptoms9). These patients showed
instability of the upper cervical spine including atlant-
oaxial lesion in addition to degenerative changes at the
levels adjacent to the fused vertebra. They showed
development of kyphosis first, followed by atlantoaxial
instability26). It seems that loss of midcervical spine
motion by fusion increases the shearing force further, and
in kyphotic curvature the anterior shearing force increases
still more. Despite the risk of late deterioration, anterior
decompression and fusion still may be indicated under
some conditions; severe unstable slippage, large disc
herniation, or severe kyphosis in which the surgical effect
of laminoplasty seems questionable24).

Fig. 2. This case was a 44-year-old woman with cerebral palsy. She
presented with gradual deterioration of the ambulation ability, severe
pain and weakness at the both shoulders for over 30 months.
Combined anterior and posterior decompression with instrumentations
were done for the C1-2 instability and multilevel cervical stenosis
(Occiput-C1-2, C4-T1), and then halovest application was done for 4
months. There were no screw loosening and pin site infection of the
halovest. A : Plain radiographs, one month after operation. B : Plain
radiographs, 112 months after operation. Cervical lateral x-ray shows
fusion of occiput-T1 and no any instrument related failure.  

A B



Multilevel anterior cervical fusion is associated with
significant graft extrusion and vertebral body fracture
rates and pseudoarthrosis13). In athetoid cerebral palsy
patients, who have the difficulty in maintenance of the
fixation due to sustained involuntary movement of the neck
and whole body, prevention of the these complications are
mainstay of the postoperative management till completion
of the bony union. In our study, partial pulled-out of the
inferior screws were observed in two cases in postoperative
2-3 days. We conducted the posterior decompression,
occipitocervical fusion and application of the halo vest for
the case showing remaining cord compression of the
upper level and halo vest only for the other case. Further
pull-out didn’t occur in both of them for the follow up
period. 

For the effective immobilization of the neck and fast
fusion, we applied halo-vest for all the patients (range
2.5-6 months). In 4 cases who underwent anterior
decompression and fixation only, recurrent skeletal
fixation screw dislodgement and infection were developed
due to sustained involuntary movement of the neck and
body. In other 2 cases with combined anterior and
posterior stabilization procedures, failure of the halo
devices was not seen.  These results imply that combined
anterior/posterior fusion for the cervical spondylotic
myelopathy in patients with athetoid cerebral palsy may
provide the advantage of maintaining neck immobility
and reduction of the complications related to the graft
and hardware failure.

Onari et al. and Epstein et al. reported good surgical
outcomes in the athetoid cerebral palsy patients who
received combined anterior-posterior fusion. It seems that
combined approaches may have several advantages; the
prevention of the failures of the graft and hardware,
stabilization of the dynamic instability as main pathology
causing cervical myelopathy, and reducing dependency on
the postoperative halo fixation7,9,13,19,20). 

In two patients of our series, occipitocervical fusions
with posterior and/or anterior decompression were
performed with good clinical and radiological outcomes
postoperatively not causing surgery-related and halo
device-related complication. Anterior or posterior
decompression with whole cervical spine fusion, which
extends from the occipital bone to the upper thoracic
spine, may be another way to avoid the harmful influence
of the local fusion (delayed atlantoaxial instability or
kyphotic deformity), especially in cases needed long-level
upper cervical decompression and fusion2) (Fig. 2).
However, there has been a debate on the application as
the first procedure because complete loss of neck motion

may cause discomfort to the patient.
Recently, Traynelis et al., and Racette et al., reported

good results after anterior fusion and appliance of the
halo device following botulism toxin-induced neck
muscle denervation for overcome the problem of the
postoperative sustained neck motion. These muscle
tension-releasing methods may be effective in terms of
increasing bone union rates. However, it seems that
usefulness of the toxin is limited the questionable long-
term effectiveness, necessity of the repeated injection,
high cost, and possibility of the serious complication of
the toxin injection3,23,25). 

Several study groups suggested laminoplasty as a better
choice than anterior decompression and fusion because
patients with athetoid cerebral palsy often show
multilevel disc degeneration and spinal canal stenosis.
However, laminoplasty, similar to the posterior fusion,
shows a tendency to decrease range of motion of the
cervical spine and may pose a harmful influence of local
fusion. Also, other reports indicated that pain and
muscular decline in the upper extremities could not be
alleviated by laminoplasty2,24). But, recently, Ueda et al.
reported that cervical laminoplasty combined with muscle
(splenius capitis, semispinalis, sternocleidomastoid
muscles) release can improve clinical outcomes 1 year
after surgery27).  

CONCLUSION

Surgical decompressions and stabilizations in patients
with cervical spondylotic myelopathy associated with
athetoid cerebral palsy have been challenging procedure
up to now. Our study results indicate that early diagnosis
and appropriate surgical procedure can effectively imp-
rove the clinical symptoms and neurological function in
patients with cervical spondylotic myelopathy associated
athetoid cerebral palsy, even in those with severe
involuntary movements. It seems that more extensive
decompression is effective for relief of the neurologic
symptoms and signs and prevention of the unexpected
complications related with remaining constriction of the
cord. Also, combined anterior-posterior fixation with
fusion can effectively reduce the complications related
with application of the halo vest, accelerate fusion and
provide stability of the lesion site. However, long-term
follow up evaluation is necessary in any type of operation
because these patients undergo operation at a younger
age and have a potential risk of late cervical deformity or
neurological deterioration by their athetoid neck
movements. 
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