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Objective : To compare the morphometry of subaxial cervical spine between cerebral palsy (CP) and normal control.
Methods : We retrospectively analyzed 72 patients with CP, as well as 72 patients from normal population. The two groups were 
matched for age, sex, and body mass index. Pedicle, lateral mass (LM), and vertebral foramen were evaluated using computed 
tomography (CT) imaging. Pedicle diameter, LM height, thickness, width and vertebral foramen asymmetry (VFA) were measured 
and compared between the two groups. Cervical dynamic motion, disc and facet joint degeneration were investigated. Additionally, 
we compared the morphology of LM between convex side and concave side with cervical scoliotic CP patients.
Results : LM height was smaller in CP group. LM thickness and width were larger in CP group at mid-cervical level. In 40 CP patients 
with cervical scoliosis, there were no height and width differences between convex and concave side. Pedicle outer diameter was 
not statistically different between two groups. Pedicle inner diameter was significantly smaller in CP group. Pedicle sclerosis was 
more frequent in CP patients. VFA was larger in CP group at C3, C4, and C5. Disc/facet degeneration grade was higher in the CP 
group. Cervical motion of CP group was smaller than those of the control group.
Conclusion : LM morphology of CP patients was different from normal population. Sclerotic pedicles and vertebral foramen 
asymmetry were more commonly identified in CP patients. CP patients were more likely to demonstrate progressive disc/facet 
degeneration. This data may provide useful information on cervical posterior instrumentation in CP patients.

Key Words : Cerebral palsy ∙ Cervical spine ∙ Morphology ∙ Motion. 

• Received : March 31, 2017   • Revised : July 23, 2017   • Accepted : August 13, 2017
•  Address for reprints : Jae Taek Hong, M.D., Ph.D.

Department of Neurosurgery, St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, 93 Jungbu-daero, Paldal-gu, Suwon 16247, Korea
Tel : +82-31-249-7196, Fax : +82-31-249-5208, E-mail : jatagi15@gmail.com

 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)  
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION 

Athetoid cerebral palsy (CP) is a static encephalopathy caused 

by neonatal hypoxia occurring during the perinatal or postna-

tal phases of development. Early onset of extensive spondylosis 

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 palsy2,6,10). 
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And many of them progressively more disabled and surgical 

treatment is usually required.

Several surgical procedures have been described; in the ear-

lier era of the operation for cervical spondylotic myelopathy 

associated with cerebral palsy, decompressive laminectomy 

was frequently performed, but it caused spinal instability and 

consequent recurrence of symptoms2,12). For these reasons, cer-

vical instrumentation and fusion are essential. 

Clinically, there are many characteristic features of patients 

with athetoid cerebral palsy compared to normal population 

including dystonic athetoid neck movements2,4,6). Morphologi-

cal characteristics of cervical spine in CP patients are different 

from those of normal patients. As a result, a better understand-

ing of the morphological characteristics of the cervical spine 

in patients with CP would be important to surgeons perform-

ing safer and more accurate instrumentation. The aim of this 

study was to compare the morphometric subaxial cervical 

spine between patients with athetoid cerebral palsy and nor-

mal population.

MATERIALS AND METHODS

After Institutional Review Board approval, we retrospective-

ly reviewed radiologic study of 72 patients with CP, as well as 

72 normal controls without cerebral palsy. The two groups un-

derwent multiplanar computed tomography (CT) and an X-

ray of the cervical vertebrae from 2006 to 2014. We compared 

the morphological characteristics of subaxial cervical spine 

between two groups.CP group included 32 males and 40 fe-

males. Their mean age was 42.6 years (range, 22–74 years) at 

the time of cervical radiological evaluation. Mean body mass 

index (BMI) was 21.6 (range, 17.8–24.2). Among them, 21 pa-

tients had received instrumentation and fusion surgery for 

cervical compressive myelopathy due to subaxial lesion. For 

these patients, we reviewed the preoperative radiologic study. 

The control group included 32 males and 40 females who 

checked CT scan due to the mild trauma without any history 

of cervical spine disease. Each patient in the control group was 

matched to the age and BMI of a CP patient. Mean age in the 

control group was 44.2 years (range, 24–76 years) and mean BMI 

was 21.5 (range, 17.5–23.8). 

Both groups underwent standardized axial bone-window 

CT scanning and a plain X-ray of cervical spine. All CT scans 

were performed on a Siemens 64-slice CT scanner with 3-mm 

axial image thickness (Siemens Medical Solutions, Erlangen, 

Germany). Sagittal and coronal reconstructions were obtained 

using 1.25-mm thickness slices. CT films were scanned at a 

resolution of 512×512 pixels, a field of view of 180 mm, and 

CT interactive software was used to edit the images. Linear 

and angular measurements were made using m-view 5.4 soft-

ware (Marosis Technologies Inc., Seoul, Korea). 

Lateral mass
We performed a morphometric analysis of the lateral mass-

es from C3–C7 by taking measurements of anterior height 

(LMAH), posterior height (LMPH), thickness (LMT), width 

(LMW) on a true axial, and sagittal CT slice that passed by the 

center of the lateral mass. LMAH was the distance between the 

two adjacent joints on the anterior aspect of the lateral mass 

and LMPH was the distance between the two adjacent joints 

on the posterior aspect of the lateral mass. LMT was the dis-

tance between the dorsal and ventral cortices of the center of 

the lateral mass and LMW had the largest width of lateral mass 

on axial CT image (Fig. 1). We compared the morphology of 

subaxial lateral masses (LMAH, LMPH, LMT, and LMW) be-

tween convex side lateral mass and concave side lateral mass 

with cervical scoliotic CP patients. In 30 patients, cervical cor-

onal scoliosis was confirmed. Cervical coronal scoliosis was 

defined as coronal Cobb’s angle greater than 10˚ on an anteri-

or-posterior plain cervical X-ray. 

Pedicle and transverse foramen
On the surfaces that passed the axes of bilateral pedicles, the 

pedicle outer diameter (POD), and inner diameter (PID) of 

both pedicles in C3 to C7 were measured. POD was outer cor-

tical diameter and PID was inner cancellous diameter (Fig. 1). 

Vertebral foramen asymmetry (VFA) was evaluated in C3 to 

C6 by measuring the difference between the left and right dis-

tance from the midline (Fig. 1). C7 was excluded because of ab-

sence or hypoplasia of vertebral foramen.

Degeneration of disc and facet joint 
Degeneration of cervical discs from C3 to C7 was graded on 

lateral cervical radiographs. The grading of cervical disc de-

generation was based on the grading system previously de-

scribed in Hilibrand et al.7) The degree of degeneration was 

graded into three categories : grade I, normal; grade II, narrow-
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ing of disc space and no posterior osteophytes; and grade III, 

less than 50% of normal disc space height and posterior osteo-

phytes are present. The degree of cervical facet degeneration 

was bilaterally determined on CT from C3 to C7. The grading 

of cervical facet degeneration was based on the grading system 

previously described in Park et al.19). The degree of degeneration 

was graded into four categories : grade I, normal; grade II, de-

generative changes including joint space narrowing, cyst for-

mation, small osteophytes without joint hypertrophy seen on 

axial or sagittal images; grade III, joint hypertrophy secondary 

to large osteophytes without fusion on axial or coronal images; 

and grade IV, bony fusion of the joint seen on sagittal images. 

Cervical spine motion
We reviewed dynamic lateral plain X-rays for the compari-

son of cervical dynamic motion range between the two groups 

by measuring occipital–C2 angle (O–C2A), C2–C7 angle (C2–

7A), and occipital–C7 angle (O–C7A). The O–C2A indicates 

the angle between McGregor’s line and the inferior vertebral 

endplate line of C220). The C2–C7A indicates the angle be-

tween the inferior endplates of the C2 and C7 vertebral bodies. 

The O–C7A indicates the angle between McGregor’s line and 

the inferior vertebral endplate line of C7. The differences in 

the O–C2A (dOC2A), C2–C7A (dC27A), O–C7A (dOC7A), 

i.e., the differences between the values in the flexion and the 

value in the extension position, were calculated for both groups 

(Fig. 2).

Statistical analysis
All analyses performed with the IBM SPSS Statistics soft-

ware program version 18 (SPSS Inc., Somers, NY, USA). For 

the comparisons of the parameters between the groups, paired 

t-test for normally distributed continuous variables and Wil-

coxon signed-rank test for non-normally distributed continu-

ous variables was used and Fisher exact were used for categori-

cal data. For all statistical tests, p<0.05 was considered to be 

significant.

 

RESULTS

A total of 144 lateral masses were compared between CP 

group and the control group. LMAH in CP group was ranged 

from 7.8 to 15.8 mm and it was found to be smaller than that in 

the control group on all cervical levels (p<0.01, Fig. 3). LMPH 

in CP group ranged from 7.1 to 15.7 mm and was found to be 

smaller than that of the control group at C3, C4, and C5 (p<0.01). 

LMT in CP group was ranged from 5.2 to 18.5 mm and was 

found to be larger than that of the control group at C3 and C4 

(p<0.01 and p=0.02, respectively). At C5, C6, and C7, there was 

Fig. 1. A schematic diagram of the lateral mass, pedicle and vertebral foramen asymmetry parameters measured on computed tomography scans. LMAH : 
lateral mass anterior height, LMT : lateral mass thickness, LMPH : lateral mass posterior height, a : distance from the midline to right vertebral foramen, b : dis-
tance from the midline to left vertebral foramen, POD : pedicle outer diameter, LMW : lateral mass width, PID : pedicle inner diameter. 
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no difference between two groups in terms of LMT. Also, LMW 

in CP group was ranged from 9.0 to 18.5 mm and was found to 

be larger than that of the control group on all levels (p<0.05) 

except for C7 (Table 1). For 40 patients in CP group with cervi-

cal scoliosis, there were no significant differences of LMAH, 

LMPH, LMT, LMW between convex side lateral mass and con-

cave side lateral mass (p>0.05).

POD in CP group ranged from 2.7 to 8.5 mm and no signifi-

cant differences were observed with POS of the control group 

on all cervical levels. PID in CP group ranged from 0.3 to 6.3 

mm and was found to be smaller than that of the control group 

on all cervical levels (p<0.05, Table 2). Pedicle sclerosis is iden-

tified in the 12 patients of the CP group. However there was 

only one pedicle sclerosis in normal control group (16.7% vs. 

1.4%, p<0.01, Fig. 4). VFA in CP group ranged from 0 (symmet-

ric vertebral foramen from midline) to 4.4 mm and was found 

to be larger than that of the control group at C3, C4, and C5 

(p<0.05). At C6, VFA had a tendency for increase compared to 

the control group (p=0.07), but this difference was not statisti-

cally significant (Table 2). 

When comparing cervical disc degeneration grade and facet 

degeneration grade, the patients in CP group were statistically 

more likely to demonstrate progressive disc degeneration than 

the patients in the control group (p<0.01). Disc degeneration 

above grade II accounted for 95.3%. Facet degeneration in CP 

group was statistically more progressed than in the control 

group (p<0.01). Facet degeneration above grade II accounted 

for 89.4% (Table 3). 

The mean value of dOC2A in CP group was 26.2˚ in the 

range from 1.1̊  to 65.2 ;̊ the mean value of dC27A in CP group 

was 47.8˚ in the range from 1.8˚ to 65.2 ;̊ both values were 

smaller than the corresponding values in the control group, 

A B

Fig. 3. Parasagittal computed tomography reconstruction images show 
lateral mass height of cerebral palsy group (A) is smaller than that in the 
control group (B) on all cervical levels.

Fig. 2.  Dynamic lateral plain X-rays for cervical dynamic motion range. The O–C2A represents the angle between McGregor’s line and the inferior endplate 
of C2. The C2–7A represents the angle between the inferior endplates of C2 and C7. The O–C7A represents the angle between McGregor’s line and the 
inferior endplate of C7.
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although the differences did not reach statistical significance. 

The mean value of dOC7A in CP group was 74.1̊  in the range 

from 41.9˚ to 109.8˚ and was found to be significantly smaller 

than that of the control group (p=0.039, Table 4). 

DISCUSSION

Early onset of cervical degeneration due to sustained abnor-

mal tonicity or movement of the neck was found in the patients 

with cerebral palsy. In surgery, several studies reported that 

decompression without fusion or laminoplasty is not recom-

Table 1. The measurement of lateral mass profiles in CP group and control group

C3 C4 C5 C6 C7

Anterior height (mm)  

CP 11.3±1.8 11.7±1.4 10.8±1.2 11.4±1.5 12.6±1.6 

Control 12.4±1.3 12.7±1.5 12.1±1.0 12.3±1.0 13.6±1.2

p-value 0.003 0.001 0.000 0.004 0.010

Posterior height (mm)

CP 12.4±2.0 11.5±1.6 11.6±1.7  12.2±2.0 12.3±2.3

Control 14.2±2.1 12.3±1.6 12.9±1.2 12.4±1.4 12.4±2.0

p-value 0.001 0.020 0.000 0.067 0.946 

Thickness (mm) 

CP 10.1±2.4 11.7±2.9 10.7±2.0 10.1±2.0 8.3±1.6

Control 9.2±1.1 9.8±1.3 10.2±1.6 9.7±1.5 9.2±2.5

p-value 0.048 0.001 0.251 0.337 0.055 

Width (mm) 

CP 12.9±2.2 12.8±2.1 13.4±1.6 13.1±1.7 12.7±1.3

Control 12.0±1.1 11.7±0.8 12.2±1.2 12.3±1.1 12.4±1.2

p-value 0.044 0.003 0.000 0.012 0.269 

Values are presented as mean±standard deviation. Data from 72 subjects. Significant p-value <0.05. CP : cerebral palsy

Table 2. The measurement of pedicle profiles and vertebral foramen asymmetry in CP group and control group

C3 C4 C5 C6 C7

Outer diameter (mm) 

CP 5.9±1.1 5.5±1.0 5.5±1.0 5.7±0.8 6.5±1.0

Control 5.3±0.8 5.6±0.8 5.8±0.9 5.7±0.9 6.6±0.8

p-value 0.044 0.325 0.356 0.819 0.755 

Inner diameter (mm)

CP 2.1±0.9 2.0±0.7 1.9±0.8 1.9±0.8 3.1±1.4

Control 2.9±0.7 3.0±1.0 3.1±1.0 3.1±1.0 4.1±0.9

p-value 0.003 0.001 0.000 0.000 0.019

Vertebral foramen asymmetry 

CP 1.3±0.8 1.5±0.8 1.2±1.1 1.2±1.0 1.1±1.1

Control 0.5±0.3 0.7±0.5 0.6±0.5 0.7±0.5 0.8±0.6

p-value 0.000 0.001 0.038 0.070 0.686

Values are presented as mean±standard deviation. Significant p-value <0.05. Vertebral foramen asymmetry, the difference between the left and right 
distance from the midline to the vertebral foramen. CP : cerebral palsy
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mended because of repetitive cervical abnormal movement, 

adjacent segment instability, and progression of spondylo-

sis13,17,18,22). Therefore, rigid instrumented fixation is required 

to obtain satisfactory outcome. 

Since the advent of cervical lateral mass screw fixation by 

Roy-Camille et al.21) in 1972, several techniques for lateral screw 

placement are available, including Roy-Camille, Louis, Mag-

erl, Anderson techniques1,8,16). The anatomic structures at risk 

during lateral mass screwing of the cervical spine are the nerve 

roots, the vertebral arteries, and the adjacent lateral masses3). 

The lateral mass screw fixation is safer than the cervical pedi-

cle screw fixation; however, if the lateral mass is small or if the 

lateral mass or facet joint has been fractured, the lateral mass 

screw fixation may entail the problem of screw loosening or 

avulsion9,14,16). Furuya et al.4) reported that subaxial pedicle in-

strumentation contribute to the achievement of relatively 

good surgical outcomes for CP patients. Several studies re-

ported that abnormal neck motion of CP patients accelerates 

degenerative change of cervical spine9,22). Harada et al.5) re-

ported that the cervical spine in patients with CP is character-

ized by vertebral body flattening and a narrow sagittal spinal 

canal diameter. Kato et al.9) reported that pedicle sclerosis, a 

wide transverse angle, and a lateral mass deformity were fre-

quently observed in patients with CP. Our study described the 

morphological characteristics of subaxial cervical spine in pa-

tients with athetoid CP compared with age-, BMI-matched 

normal population for safe cervical instrumentation.

This study first described the morphological characteristics 

of lateral mass in patients with CP. Superior-inferior mean di-

ameter (LMAH and LMPH) of CP group ranged from 10.8 to 

12.6 and was smaller than that of the control group. These 

findings mean that lateral mass of CP patients is superior-in-

feriorly smaller and anterior-posteriorly, mediolaterally larger 

than that of normal population especially in the mid-cervical 

spine. So, selection of the entry point and sagittal angulation 

may be important to avoid facet joint violation during the lat-

eral mass screw placement in the CP patient. Also, these data 

indicate that the greater stress is generated at the mid-cervical 

spine than the lower cervical spine in the CP patient. The sud-

den increase in size at C6 and C7 of the vertebral bodies and 

spinous processes in the human cervical spine may explain this 

finding because the shearing stress per area unit becomes big-

Fig. 4. Axial computed tomography image shows the osteosclerotic 
changes of the right pedicle (arrow).

Table 3. Grade of disc degeneration and facet degeneration in CP group 
and control group

CP (%) Control (%)

Disc degeneration 

Grade I 4.7 43.5

Grade II 42.4 47.1

Grade III 52.9 9.4

Facet degeneration 

Grade I 10.6 50.0

Grade II 40.0 43.7

Grade III 45.9 6.3

Grade IV 3.5 0

CP : cerebral palsy

Table 4. Cervical dynamic motion in CP group and control group

dOC2A dC27A dOC7A

CP

Mean angle (degree) 33.2 53.2 86.4

Range (degree) 13.5–76.2 35.3–71.1 57.4–144.3

Control

Mean angle (degree) 26.2 47.8 74.1

Range (degree) 1.1–65.2 1.8–65.2 41.9–109.8

p-value 0.215 0.396 0.039

Significant p-value <0.05. CP : cerebral palsy, dOC2A : the differences 
between the values of occipital–C2 angle in the flexion and the value 
in the extension position, dC27A : the differences between the values 
of C2–C7 angle in the flexion and the value in the extension position, 
dOC7A : the differences between the values of occipital–C7 in the 
flexion and the value in the extension position
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ger as the vertebra decreases in size. Furthermore, there was no 

directional difference of lateral mass degeneration for CP pa-

tients of cervical scoliosis. This means, for CP patients, abnor-

mal neck motion worsens cervical degeneration on both con-

cave and convex sides. In this study, we found that the mean 

pedicle outer diameter in CP group was 5.5 to 6.6 mm and the 

outer diameter was not different from that of the control group 

except for C3. The mean outer diameter in the control group 

was 5.3 to 6.6 mm and it was similar to the outer diameter mea-

sured by CT in Kato et al.9). The mean inner diameter in the 

control group was 1.9 to 3.1 mm and the inner diameter was 

smaller than that of the control group on all subaxial cervical 

levels. Pedicle sclerosis was frequently observed in patients with 

CP as well. This finding suggests that the safety margin for 

pedicle screw fixation could be narrower in the CP group com-

pared with the normal population. Two studies reported that 

the breach rate was higher in patients with CP because of loss 

of anatomical landmarks in a vertebra and the osteosclerotic 

changes of the pedicle14,15). Therefore, cervical pedicle screw 

instrumentation could be dangerous especially for CP patients 

with massive spondylosis. 

Regard to the vertebral foramen asymmetry of CP patients, 

in CP group, the mean difference value between the left and 

right distance from the midline was larger than 1mm, whereas 

it was smaller than 1mm for the control group. Our results in-

dicate that vertebral foramen of subaxial cervical spine of CP 

patients is more asymmetric than that of normal population. 

We suppose that vertebral foramen asymmetry is associated 

with massive degeneration of cervical spine of CP patients. 

In this study, patients in CP group were more likely to dem-

onstrate progressive disc, facet degeneration than patients in 

the control group. Harada et al.5) reported that disc degenera-

tion occurred earlier and progressed more rapidly in the pa-

tients with advanced disc degeneration in 51%, i.e., eight times 

the frequency in normal subjects. In our study, severe disc de-

generation above grade III was observed in 52.9% of cases in 

CP group, similarly to previous reports. We graded the degree 

of facet degeneration into four categories. Park et al.19) reported 

that greater than grade III facet joint arthrosis was common in 

patients older than 60 years old and at C2–C3, C3–C4, and 

C4–C5. In our study, facet degeneration above grade III was 

observed in 49.4% of CP group. Facet degeneration occurred 

earlier and progressed more rapidly in the patients of CP. We 

suppose that disc and facet degeneration were aggravated by 

sustained muscular tonicity and excessive movement of the 

neck in CP patients.

CP patients show various involuntary movements of the 

neck, face, arms, and upper body. Previously, it was errone-

ously assumed that cervical motion range of CP patients was 

larger than normal population. By contrast, the results of the 

present study show that cervical neck motion range of CP 

group was smaller than that of the control group. Although 

not statistically significant, dOC2A and dC27A of CP group 

were smaller than those of the control group. However, 

dOC7A was significantly smaller than that of the control 

group. Phillips et al.20) reported that, in the measurement of 

C0–C2 angle differences between f lexion and extension X-

ray, the mean value of C0-2 angle differences in healthy pa-

tients was about 33˚ and larger than that of CP group. Kim et 

al.11) reported the measurement of C2–C7 angle differences 

between f lexion and extension X-ray for 105 patients with 

symptomatic single or two-level cervical disc disease. The 

mean value of C2–7 angle differences in cervical disc patients 

was about 50˚ and larger than that of CP group. We suppose 

that the decrease of cervical dynamic motion is associated 

with disc, facet joint degeneration of cervical spine of CP pa-

tients. Further research is required for cervical dynamic mo-

tion changes in CP patients. 

This study has several limitations. First, the number of pa-

tients included in this study was limited because of the small 

number of CP cases. Second, although the two groups were 

matched for age and BMI, the height and weight of CP group 

was not exactly matched to those of control group. Third, we 

could not explain the mechanism between cervical morpho-

logical changes and involuntary movement in CP patients. 

Further research, including a closer inspection of the reasons 

underlying this mechanism, is necessary.

CONCLUSION

CP patients were more likely to demonstrate progressive 

morphological degeneration than normal population. Lateral 

mass morphology in patients with CP was different from that 

in normal population. Although longer lateral mass screw could 

be acceptable in CP patients compared to the normal control, 

however the selection of the accurate entry point and sagittal 

angulation is important to avoid facet joint violation during 
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the lateral mass screw placement in the CP patient. Sclerotic 

pedicles and vertebral foramen asymmetry were more fre-

quently identified in CP patients. Pedicle screw placement in a 

sclerotic pedicle and narrow pedicle could be associated with a 

higher risk of misplacement. So, preoperative imaging study is 

critically important to decide the method of posterior instru-

mentation for the patients with CP. 
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