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Surgical Outcomes of Cervical Myelopathy in 
Patients with Athetoid Cerebral Palsy:  

A 5-Year Follow-Up
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Study Design: Observational cohort study.
Purpose: To assess the surgical outcomes of posterior decompression and fusion for cervical myelopathy in patients with athetoid 
cerebral palsy.
Overview of Literature: Patients with athetoid cerebral palsy demonstrate involuntary movements and develop severe cervical 
spondylosis with kyphosis. In these patients, surgery is often performed at an early age because of myelopathy. A few studies have 
reported about the long-term outcomes of surgical treatment; however, they contain insufficient information.
Methods: From 2003 to 2008, 13 patients with cervical myelopathy due to athetoid cerebral palsy underwent posterior fusion surgery 
and were included in this study. The Japanese Orthopaedic Association (JOA) score, neck disability index (NDI), C2–7 angle on radi-
ography, and need for additional surgical treatment were examined at 1 and 5 years postoperatively.
Results: The mean C2–7 angle was −10.5°±21.1° preoperatively and was corrected to −2.9°±13.5° immediately postoperatively. 
This improvement was maintained for 5 years. The JOA score was 9.5±2.5 preoperatively and 12.2±1.7 at the 5-year follow-up. NDI 
was 17±6.9 preoperatively and 16±7.5 at the 5-year follow-up. Patient satisfaction with surgery on a 100-point scale was 62.2±22.5 
at the 5-year follow-up. Three patients needed additional surgery for loosening of screws. These results demonstrate good surgical 
outcomes for posterior fusion at 5 years.
Conclusions: Posterior decompression and fusion should be considered a viable option for cervical myelopathy in patients with ath-
etoid cerebral palsy.
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Introduction

Patients with athetoid cerebral palsy demonstrate involun-
tary movements and develop severe cervical spondylosis 
with kyphosis [1-6]. Because cervical spondylosis pro-

gresses at a young age in patients with athetoid cerebral 
palsy, they suffer from cervical myelopathy in their 30s 
or 40s. Decompression surgery, such as laminectomy or 
laminoplasty, is required to treat cervical myelopathy. 
However, it is difficult to treat cervical myelopathy with a 
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kyphotic deformity of the cervical spine by decompression 
alone. Furthermore, if decompression alone is performed 
in patients with athetoid cerebral palsy, postoperative ky-
phosis of the cervical spine can occur. Therefore, anterior 
or posterior fixation with instrumentation has been used 
for patients with cervical myelopathy with athetoid cere-
bral palsy [7-11]. Once fixation with instrumentation is 
performed, careful observation is needed for implant fail-
ure and adjacent segment disease because of involuntary 
neck movement [12]. It is also possible for activities of 
daily living to deteriorate because of the decreased range 
of motion of the cervical spine after long instrumentation. 
A long-term follow-up study showed a high incidence of 
the progression of deformity and neurological deteriora-
tion [12]. Another report of long-term follow-up over 10 
years showed that surgical results at the most improved 
period were good or excellent with any type of surgery, in-
cluding anterior decompression and fusion, laminectomy, 
and laminoplasty with or without fusion [13]. However, 
most patients showed late neurological deterioration from 
8 to 13 years postoperatively, largely because of progres-
sive deformity [13]. In these patients, surgery is often 
performed at an early age. Therefore, long-term follow-
up is very important. A few studies have reported about 
the long-term outcomes of surgical treatment; however, 
they contain insufficient information. There are many 
problems that need to be clarified for the treatment for 
this patient group. Various surgical procedures have been 

described in the literature, but which procedure is ap-
propriate for this patient group, including the type and 
range of instrumentation, is still unknown. It is necessary 
to evaluate the long-term results of surgical treatment for 
this patient group. The purpose of this study was to report 
the surgical outcomes of cervical myelopathy with ath-
etoid cerebral palsy.

Materials and Methods

This study protocol was approved by the Ethics Com-
mittee of Fukushima Medical University (approval no. 
2592). Before surgery, informed consent was obtained 
from each patient. In the Department of Orthopaedic 
Surgery, Fukushima Medical University, instrumented fu-
sion was performed for cervical myelopathy with athetoid 
cerebral palsy since 2003, following a period of perform-
ing decompression alone. The subjects were 13 consecu-
tive patients (eight males and five females) with cervical 
myelopathy and athetoid cerebral palsy who underwent 
decompression and instrumented fusion from 2003 to 
2008 (Table 1). Their mean age was 55.3 years (range, 
38–72 years). The magnitude of involuntary neck move-
ments was moderate; physicians could control their neck 
movement by hands for all patients. All patients were in-
dependently performing activities of daily living. Surgical 
procedures were performed in four patients with anterior-
posterior fusion and in nine patients with posterior fusion 

Table 1. List of cases 

No. Age Sex Fusion 
site Range of fusion Range of decompression TA screw LM 

screw PS Revision

1 48 Male A/P C2–T2, C5/6AIF - C6/7, C7/T1, T1/2 - C2 +

2 62 Female P C2–T2 C3/4, 4/5, 5/6, 6/7 Lt C5/6, Rt C6/7, T1/2 - C2

3 55 Male A/P C2–T2, C3/4AIF - C6/7, T1/2 - C2

4 46 Female P C2–T2 C3/4, 4/5, 5/6, 6/7 C6/7, T1/2 - C2 +

5 38 Female P C2–T2 C3/4. 4/5, 5/6 C6/7, C7/T1, T1/2 - C2

6 43 Male A/P C2–T1, C4/5, 6/7AIF - C5/6, C7/T1 - C2

7 55 Male P C2–T1 C2 laminotomy, C3 laminectomy, C4/5 Rt C5/6, C7/T1 Lt C6 C2

8 57 Male P C2–T1 C2/3, 3/4, 4/5, 5/6 C6/7, T1/2 - C2

9 57 Male A/P C2–T2, C5/6AIF C4/5, 5/6, 6/7 C6/7, T1/2 - C2

10 68 Male P C6–T4 - - - C2

11 72 Female P C2–T1 C3/4, 4/5, 5/6, 6/7 C7/T1, Lt C4/5 - C2

12 63 Female P C2–C7 C2/3, 3/4 C5/6, 6/7 - C2

13 55 Male P Occ–T2 C1 laminectomy C5/6, 6/7, T1/2 - C2 +

TA, transarticular; LM, lateral mass; PS, pedicle screw; A, anterior; P, posterior; AIF, anterior interbody fusion; Lt, left; Rt, right; Occ, occiput.
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alone. Anterior decompression and fusion with posterior 
fixation were performed for the initial four cases to obtain 
rigid fixation. After the initial period, only posterior pro-
cedures were performed for the last nine cases. The range 
of fusion was C2–Th2 (seven cases), C2–Th1 (three cases), 
C2–7 (one case), C6–Th4 (one case), and occiput–Th2 
(one case). We usually select C2 for caudal level. For costal 
level, if there is degenerative change or instability between 
C7 and T1, we select T1 or T2. Posterior segmental partial 
laminectomy [14] was performed for decompression of 
the cord at neurologically symptomatic levels. In all cases, 
instrumentation was inserted only for posterior fusion 
using the Olerud cervical fixation system (Anatomica AB, 
Askim, Sweden). For external fixation, a sternal-occipital-
mandibular immobilization (SOMI) brace and a cervical 
collar were used for 2 months and 1 month, respectively, 
in the initial four cases. No orthosis or cervical collar was 
used for the last nine cases. The Japanese Orthopaedic As-
sociation (JOA) scoring system [15] was used to evaluate 
patient neurological status, and the Hirabayashi’s method 
[16] was used to calculate the recovery rate. The neck 
disability index (NDI) [17-19] was used to evaluate neck 
symptoms. The patients’ satisfaction with the surgical 
results was noted at follow-up (ranging from 0 [not satis-
fied] to 100 [completely satisfied]). Sagittal alignment of 
the cervical spine was evaluated by the C2–7 sagittal Cobb 
angle on lateral X-ray examination. Evaluations were per-
formed preoperatively and 1 and 5 years postoperatively.

Results

The mean operative time was 304±52 minutes (356±24 
minutes with the combined anterior and posterior pro-
cedure and 246±23 minutes with the posterior proce-
dure alone), and the mean intraoperative blood loss was 
661±200 g (751±246 g with the combined anterior and 
posterior procedure and 417±110 g with the posterior 

procedure alone). Preoperatively, the mean C2–7 sagittal 
Cobb angle was −10.5°±21.1° on X-ray, indicating kypho-
sis. The C2–7 angle was corrected to −2.9°±13.5° immedi-
ately postoperatively, and it was −3.6°±12.3° at the 1-year 
follow-up. The correction was maintained for 5 years (Fig. 
1). There was no adjacent segment disease during the 
5-year follow-up period. The mean JOA score was 9.5±2.5 
points preoperatively, 10.8±2.0 points at the 1-year follow-
up, and 12.2±1.7 points at the 5-year follow-up (Table 
2). The recovery rate of the JOA score was 15.9% at the 
1-year follow-up and 25.1% at the 5-year follow-up. The 
JOA score was slightly improved postoperatively and was 
maintained for 5 years. The mean NDI score was 17±6.9 
preoperatively, 15.9±7.4 at the 1-year follow-up, and 
16±7.5 at the 5-year follow-up (Table 2). NDI showed no 
remarkable changes postoperatively. The NDI results indi-
cate that fixation of the cervical spine resulted in little de-
terioration of the neck symptoms. Patient satisfaction with 
surgery on a 100-point scale was 48.5±37.7 at the 1-year 
follow-up and 62.2±22.5 at the 5-year follow-up (Table 2). 
Additional surgeries were needed for three patients (Table 
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Fig. 1. A graph showing the mean C2–7 angle from preoperatively to 
5 years postoperatively. The C2–7 sagittal Cobb angle is −10.5°±21.1° 
preoperatively. It is −2.9°±13.5° on X-ray 1 week postoperatively, 
−3.6°±12.3° at the 1-year follow-up, and −3.5°±10.2° at the 5-year 
follow-up. post op, postoperative.

Table 2. Clinical measurements 

 Preoperative 1 yr after surgery 5 yr after surgery

JOA score 9.5±2.5 10.8±2.0 12.2±1.7

JOA score recovery rate (%) -  15.9±20.3   25.1±31.3

NDI 17±6.9 15.9±7.4    16±7.5

Satisfaction with surgery -   48.5±37.7   62.2±22.5

Values are presented as mean±standard deviation.
JOA, Japanese Orthopaedic Association; NDI, neck disability index.
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3). In one patient, loosening of a Th1/2 transarticular screw 
was observed on postoperative day 26, and this screw was 
then replaced by a Th2/3 transarticular screw. In another 
patient, loosening of an occipital screw was observed, and 
this screw was then replaced on postoperative day 51. 
However, the screw backed out again and was removed 6 
days after the second surgery. In another patient, loosen-
ing of the C2 pars screw was observed, and this screw was 
then removed 2 years after the initial surgery. All patients 
recovered after the additional surgery for loosened screw 
removal or screw replacement. Finally, bony fusion was 
observed in all patients based on reconstructed computed 
tomography findings 1 year postoperatively, except for 
the patient with C2 screw loosening. In patients with C2 
screw loosening, bony union was also observed 2 years 
after the C2 screw removal.

1. Case presentation

A 62-year-old woman with athetoid cerebral palsy ex-
perienced numbness in both hands and disturbance in 

walking, with worsening symptoms. She was diagnosed 
with cervical myelopathy based on neurological findings 
and imaging studies. On X-ray examination, the preop-
erative C2–7 angle was −4.6°, indicating slight kyphosis 
(Fig. 2). The preoperative JOA score was 9 points, and the 
NDI score was 10 points. Posterior fusion from C2 to T2 
using a C2 pars screw and rt C5/6, lt C6/7, and bil T1/T2 
transarticular screws with segmental partial laminectomy 
[14] at C3‒4, C4‒5, C5‒6, and C6‒7 was performed (Fig. 
3). Operative time was 268 minutes, and intraoperative 
blood loss was 410 g. Five years postoperatively, the C2–7 
angle was 18.5°, indicating lordosis. The JOA score was 11 
points, and the recovery rate of the JOA score was 25%. 
The NDI score was 10 points, and patient satisfaction with 
surgery was 70/100.

Discussion

In this study, the 5-year surgical outcomes of cervical 

Table 3. Cases of instrument failure requiring additional surgery

Age (yr) Sex Fixation Range Instrument failure Additional surgery

48 Male A/P C2–T2, C5/6AIF C2 screw loosening Screw removal

46 Male P C2–T2 TA screw loosening Screw replacement

55 Male P Occ–T2 Back-out of occipital screw Screw removal
A, anterior; P, posterior; AIF, anterior interbody fusion; TA, transarticular; Occ, occiput.

Fig. 2. Preoperative X-ray findings of the cervical spine. The white 
lines indicate the C2 and C7 endplates. The C2–7 angle is −4.6°, indi-
cating slight kyphosis.

Fig. 3. X-ray findings at the 5-year follow-up. Posterior fixation was 
performed from C2 to T2, with a C2 pars screw and right C5/6, left 
C6/7 and both side of T1/T2 transarticular screws, in addition to C3–4, 
C4–5, C5–6, and C6–7 segmental partial laminectomy. The white lines 
indicate C2 and C7 endplates. The C2–7 angle is 18.5°, indicating that 
lordosis was postoperatively achieved.
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myelopathy with athetoid cerebral palsy were presented 
based on X-ray findings and clinical evaluation. At the 
5-year follow-up, X-ray findings showed that the align-
ment of the cervical spine was maintained without severe 
implant failure. The JOA score showed slight recovery 
postoperatively. The recovery rate of the JOA score was 
only 25.1% at the 5-year follow-up. This does not seem to 
indicate adequate improvement, but it is difficult to evalu-
ate the condition of these patients by the JOA score alone 
because of the symptoms that originate from the athetoid 
cerebral palsy itself. This scoring system does not evalu-
ate involuntary movements, such as athetosis, in patients 
with cerebral palsy. The JOA score is a reliable tool for the 
evaluation of functional status of compressive cervical 
myelopathy [15]. However, some authors have pointed 
out the limitations of the JOA score for the evaluation of 
patients with cervical myelopathy with athetoid cerebral 
palsy [20,21]. Therefore, not only the JOA score but also 
other clinical evaluations are needed for the accurate 
evaluation of this patient group. In the present study, the 
neck symptoms were evaluated using NDI. The mean 
preoperative NDI score was 17, indicating moderate-to-
severe disability. The NDI score did not change for 5 years 
postoperatively. This finding indicated that the patients’ 
neck symptoms were not improved postoperatively, even 
though the kyphosis was slightly corrected. On the other 
hand, fusion surgery decreased the range of motion of the 
cervical spine, which was possibly followed by deteriora-
tion of neck function. As a result, NDI could not detect 
any changes in their neck symptoms after cervicothoracic 
fusion surgery. NDI does not include any items about 
involuntary neck movement. Therefore, NDI may have 
limitations when evaluating neck symptoms of patients 
with athetoid cerebral palsy. In addition to the JOA score 
and NDI, patient satisfaction with surgery was simply 
evaluated using a 100-point numerical rating scale, and it 
was over 50. This finding indicates that the patients were 
satisfied with their condition 5 years postoperatively, even 
if other tools did not show any improvement.

Pedicle screws are often used for the cervical spine as 
a strong anchor [22]. For patients with cervical myelopa-
thy with athetoid cerebral palsy, posterior fixation with 
pedicle screw methods has been reported to be effective 
[20,23]. On the other hand, the possibility of injury to 
the vertebral artery by a pedicle screw cannot be omit-
ted. Cervical spondylosis, including that in patients with 
cerebral palsy, is a risk factor for perforation by a pedicle 

screw [24]. In the present patients, transarticular screws 
[25,26] were inserted at the middle to lower cervical spine 
and the upper thoracic spine. The pullout strength of the 
transarticular screw is superior to that of the lateral mass 
screw [27]. As a result, cervical alignment was maintained 
for 5 years with transarticular screws, indicating that 
transarticular screws are one of the options for posterior 
fixation. For the correction of cervical deformity in pa-
tients with athetoid cerebral palsy, combined anterior and 
posterior fusion has been reported to be effective [7-11]. 
In our institute, anterior-posterior fusion was performed 
for the initial four patients. After that, only posterior pro-
cedures were performed for this patient group. The results 
of this study indicate that kyphosis was corrected by the 
posterior procedure alone with transarticular screws, and 
correction was maintained for 5 years similar to the ante-
rior-posterior fusion. It should be noted that the present 
patients had relatively low-grade involuntary neck move-
ment. It is possible that patients with more severe neck 
movement would need anterior fusion.

Major complications after posterior fusion surgery 
were loosening of the implant, pain due to the implant, 
and adjacent segment disease. Postoperative treatment, 
such as cervical orthosis or botulinum toxin injection, 
may reduce complications, thereby preventing instrument 
failure. However, it remains to be determined whether 
these postoperative therapies are needed. In this series, a 
SOMI brace was used as a postoperative external orthosis 
for only four patients. For other patients, no orthosis was 
used postoperatively because putting on the brace is dif-
ficult for patients with athetoid cerebral palsy and they 
find it very uncomfortable. In three patients without an 
orthosis, screw loosening occurred. Given this finding, a 
SOMI brace might reduce screw loosening postoperative-
ly. In general, a halo vest has sometimes been reported to 
provide rigid external fixation. On the other hand, Furuya 
et al. [23] reported that pedicle screw fixation was strong 
enough to require a halo vest. Furthermore, the incidence 
of halo vest-related complications was relatively high [27]. 
Therefore, we do not use a halo vest as a postoperative 
orthosis. Involuntary neck movement is one of the causes 
of instrument failure. Therefore, controlling involuntary 
movement could help prevent these complications. Mus-
cle release is another option for controlling involuntary 
movement. Ueda et al. [28] reported that laminoplasty 
with muscle release showed good results at the 1-year 
follow-up. Botulinum toxin injection is widely used to de-
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crease spasticity and involuntary movements. Furuya et al. 
[23] and Jameson et al. [21] reported cases of preoperative 
botulinum toxin injection. Botulinum toxin injection was 
not administered in the present series because the patients 
showed relatively low-grade involuntary neck move-
ment. It may reduce instrument failure for patients with 
more severe involuntary neck movement. The degree of 
involuntary movements is an important factor related to 
patient outcomes. In the present series, there were no pa-
tients with severe athetosis that could not be controlled by 
the patients’ hands. All patients independently performed 
activities of daily living. Therefore, we considered that 
extensive postoperative immobilization with a halo vest 
or additional treatment, such as botulinum toxin injec-
tion or muscle release, was unnecessary for our patients. 
For postoperative rehabilitation in this series, we provided 
general postoperative rehabilitation similar to that pro-
vided for other patients with myelopathy even though 
they had athetoid cerebral palsy. It is possible that the re-
sults may be different for patients with much more severe 
involuntary movements. Some long-term follow-up stud-
ies showed instrument failure and adjacent segment in-
stability after fusion surgery [12,20]. In the present study, 
surgical improvement on the JOA score and alignment of 
the cervical spine were maintained for 5 years. Three pa-
tients needed additional surgery for screw loosening, but 
no patients had adjacent segment disease over the 5-year 
follow-up period in this series. However, Azuma et al. [13] 
reported that late neurological deterioration and cervical 
spinal deformity progressed over 10 years. Therefore, a 
much longer follow-up period, over 10 years, is needed in 
future studies.

Conclusions

In conclusion, posterior decompression and fusion for 
patients with cervical myelopathy with athetoid cerebral 
palsy showed results as good as those for combined ante-
rior-posterior surgery at the 5-year follow-up. Posterior 
decompression and fusion using transarticular screws 
were found to be effective for patients with cervical my-
elopathy with athetoid cerebral palsy.
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