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Abstract 
  
Introduction: Children with Cerebral Palsy (CP) may have multisystem involvement the 
occurrence of which increases with severity of involvement. Scoliosis is also found to be more 
prevalent in severely involved children with CP. 
 
Aims: This study aimed to describe co-morbidities in children with CP undergoing early spine 
fusion for scoliosis.  
 
Methods: A retrospective review of patients with CP Scoliosis between 1989 and 206 who were 
10 years at spine fusion was done. Demographics, mental status, pre-operative weight and 
height and body-mass index (BMI), curve characteristics, geographic pattern of involvement and 
GMFCS level were reported. Co-morbidities were broadly categorized as those involving central 
nervous system, gastrointestinal system and respiratory system. 
 
Results: 42 patients (24 male and 18 female) with mean age of 8.1 ±1.6 years at surgery were 
identified. The mean preoperative weight, height, and BMI were 22 ±6.8 kilograms, 115 ±11.8 
centimeters and 16 ±3.7 respectively. All patients were mentally retarded and quadriplegic. 
GMFCS level was V in 40 patients and IV in 2 patients. The mean Cobb angle was 83.4 ±18.3 
and pelvic tilt was 18 ±10. Seizure disorder and GER were present in 98% and 69% of patients 
respectively. 88% patients had gastrostomy-tube for feeding. 31% patients were 
tracheostomized; 46% of them were ventilator dependent. Asthma/ reactive airway disease, 
restrictive lung disease and obstructive respiratory disease/ sleep apnea were present in 29%, 
17% and 5% of patients respectively. 19% patients had recurrent aspiration pneumonitis. 
 
Conclusion: Our study showed that children with CP Scoliosis progressing to surgical range 
before 10 years of age are severely involved with co-morbidities encompassing multiple organ-
systems. 
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Introduction 
 
Cerebral Palsy (CP) is caused by an ischemic 
insult to immature brain. In this condition, the 
primary lesion remains static, however the 
motor manifestations evolve with time due to 
spasticity (1, 2). Scoliosis is found to be more 

common in non-ambulatory spastic 
quadriplegic children with CP with reported 
prevalence of up to 75% (3-6). 
Multisystem involvement is common in 
children with CP and the prevalence increases 
with severity of involvement (2, 7, 8). Seizure 
is commonly associated with CP (2, 9). 
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Occurrence of oral-motor dysfunction has 
been reported in this patient population 
leading to poor nutrition and growth (8, 10). 
Assistive feeding in the form of gastrostomy-
tube or nasogastric-tube is warranted. 
Respiratory system involvement is also 
common in severely involved children with 
CP(11, 12). 
Larger curves are often associated with high 
pelvic obliquity and need surgery. The aim of 
surgical treatment in this patient population is 
to improve sitting or standing balance and 
facilitate nursing care (13). Presence of co-
morbidities often complicates treatment 
process. The literature is scarce on treatment 
of scoliosis in children with CP less than 10 
year of age (14) and there are no studies 
describing co-morbidities in this patient 
population. The aim of this study was to 
describe co-morbidities in children with CP 
undergoing spine fusion before 10 years of 
age for scoliosis. 
 
Methods 
 
After an institutional review board approval 
(Nemours/ A. I. duPont Hospital for Children, 
Delaware, USA), a review of patients with 
cerebral palsy undergoing early spine fusion 
for scoliosis between 1989 and 2006 was 
done. The inclusion criteria were: (1) patients 
with CP with scoliosis and (2) age less than 
10 years at spine fusion.  
The following parameters were recorded after 
appraisal of the medical records: age at 
surgery, gender, mental status, mobility, 
Gross Motor Classification System (GMFCS) 
level and type of CP based on geographic 
pattern of involvement 
(quadriplegic/diplegic/hemiplegic). 
Preoperative height and weight were also 
recorded and body mass index was calculated 
from these parameters. Height was measured 
by arm-board measurement technique 
described by Miller and Koreska (15). 

In this patient population, scoliotic curves of 
60 or more were managed surgically. The 
Cobb angle for scoliosis, thoracic kyphosis 
and lumbar lordosis were measured by the 
Cobb method (16). 
The co-morbidities were broadly classified as 
those affecting: (1) central nervous system 
(Seizure disorder); (2) respiratory system 
(reactive airway disease and asthma; 
restrictive airway disease; recurrent aspiration 
pneumonitis; obstructive airway disease; 
tracheostomy and need for ventilator); (3) 
gastrointestinal system gastrostomy-feeding 
tube for nutrition; gastroesophageal reflux 
(GER) with or without the need for Nissen 
fundoplication. 
 
Statistical analysis 
 
Data was examined for normality prior to 
hypothesis testing. Mean and SD were used 
for summary statistics for continuous 
variables and frequency and percentages were 
used for categorical variables. STATA 
version 12.0 (STATACorp, College Station, 
TX) was used for data analysis. 
 
Results 
 
Forty-two patients, male 24 (57%) and female 
18 (43%), met the inclusion criteria and 
formed the cohort for this study. The mean 
age at surgery was 8.1 ±1.6 years (range, 4.4 - 
9.9). The mean preoperative body weight was 
22 ±6.8 kilograms (range, 10 - 37) and height 
was 115 ±11.8 centimeters (range, 92 – 147). 
The mean body mass index was 16 ±3.7 
(range, 10 – 27) (Table 1).  
 
All patients in this series were quadriplegic 
with 95% of them being bedridden and 
completely dependent for all their activities of 
daily living. Remaining 5% were capable of 
transfer from wheelchair with support. 
Similarly, all patients were mentally retarded; 
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95% of patients had severe mental retardation (MR) while remaining 5% had moderate MR.  
Table 1. Demographics 

Variable Frequency Percentage Mean SD Range 
Gender 

Male 24 57 
Female 18 43 

Geographic pattern 
Quadriplegia        42 100 

Ambulation 
Bedridden 40 95 

Sitter 2 5 
Mental Retardation 

Severe 40 95 
Moderate 2 5 

Age at Surgery (years) 8.1 1.6 4.4 - 9.9 
Weight (Kg) 22 6.8 10 - 37 
Height (cm) 115 11.8 92 - 147 
BMI 16 3.7 10 - 27 
The mean Cobb angle was 83.4 ±18.3 
(range, 50 – 118), pelvic tilt was 18 ±10 
(range, 2 – 45), thoracic kyphosis was 53.4 
±28.4 (-3 – 113) and lumbar lordosis was 
32.3 ± 33 (range, -64 -100) (Table 2). 
 

Table 2. Curve Characteristics 
Variable Mean SD Range 

Cobb angle 83.4 18.3 50 - 118 
Pelvic tilt 18 10 2 - 45 
Thoracic kyphosis 53.4 28.4 -3 - 113 
Lumbar Lordosis 32.3 33 -64 - 100 

 
All patients but one had at least single co-
morbidity (Table 4). Seizure disorder was 
present in 98% of the patients. Eighty-eight 
percent patients had gastrostomy-tube for 
feeding. GER was present in 69% of patients 
out of which 65.5% had Nissen 
Fundoplication. Thirty-one percent patients 
had tracheostomy tube for breathing; 46% of 
these were ventilator dependent. Respiratory 
system involvement included obstructive, 
restrictive and reactive airway diseases. 
Obstructive respiratory disease/ sleep apnea 
was present in 5% of patients.  Restrictive 
lung disease and asthma/ reactive airway 

disease was seen in 17% and 29% of patients 
respectively. Nineteen percent patients had 
recurrent aspiration pneumonitis (Table 3). 

Table 3. Co-Morbidities 
Variable Frequency Percentage 

Gastrostomy-tube feeding     

Yes 37 88 

No 5 12 

Gastroesophageal reflux 29 69 

Nissen Fundoplication (NF) 19 65.5 

No NF 10 35.5 

Seizure disorder     

Yes 41 98 

No 1 2 

Tracheostomy 13 31 

Ventilator dependent 6 46 

Non-ventilator dependent 7 54 

Obstructive Respiratory Disease/Sleep apnea  
Yes 2 5 
No 40 95 

Restrictive Lung Disease     
Yes 7 17 

No 35 83 
Asthma/ Reactive Airway 
Disease     

Yes 12 29 

No 30 71 
Recurrent Aspiration 
Pneumonitis     

Yes  8 19 
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Table 4. Number of Co-morbidities 
Number of Co-

morbidities 
Frequen

cy 
Percenta

ge 
0 1 2.4 
1 1 2.4 
2 7 16.7 
3 13 31 
4 7 16.7 
5 11 26.2 
6 2 4.8 

 
Discussion 
 
Prevalence of scoliosis in CP patients 
increases with severity of involvement with 
ambulation potential being a significant 
predictor for development these curves (4, 5, 
17). We found children who develop surgical 
curve early in their life often have number of 
co-morbidities. 
Ninety-five percent of patients in the present 
series were bedridden with complete 
dependence for activities of daily living while 
remaining 5% were capable of wheelchair 
transfer. In a series of institutionalized 
patients with CP, Saito et al(6) reported 
development of severe scoliosis in 67% of 
patients with total body involvement and 
100% of patients who were bedridden. All 
patients in the current series were mentally 
retarded: 95% of the cohort had severe MR 
and remaining 5% had moderate MR. Kalen 
et al(13) reported severe MR in all 14 
institutionalized CP adult patients with curves 
45 as opposed to 74% (n=42) of those with 
curves 45. 
Majority of patients in the current series had 
poor nutritional status as depicted by low 
BMI (mean BMI=16). Eighty-eight percent 
patients needed gastrostomy-tube for feeding. 
In a prospective longitudinal study by 
Sullivan et al(8) to show the effect of 
gastrostomy feeding in children with CP, two-

thirds of patients (43 of 57) had spastic 
quadriplegia. The oral-motor dysfunction is 
found to be more prevalent in severely 
involved children with CP needing feeding 
support. This study showed significant 
improvement in nutritional status of the 
children with CP following enteral feeding as 
indicated by body weight, limb growth and 
subcutaneous fat deposition. 
Ninety-eight percent of patients in the present 
series had seizure disorder. Venkateswaran 
and Shevell(2) described seizure in 47% of 
their cohort with CP. Similarly, in a series of 
323 patients with CP, Hadjipanayis et al(9) 
reported this condition in 41.8% of overall 
cohort and in about 50% of patients with 
spastic tetraplegia. Higher incidence of 
seizure disorder in the current series may have 
been due to greater severity of involvement of 
patients. However, fewer numbers of patients 
leading to sparse data bias cannot be negated. 
Gastroesophageal reflux was observed in 69% 
of cohort in the present series. The reported 
incidence of GER in children with CP ranges 
from 26% to 91% (18, 19). This condition has 
been found to be associated with number of 
pulmonary diseases in children. In a series of 
otherwise normal children with GER, Euler et 
al(11) reported recurrent pneumonitis in 94%. 
In a similar cohort of patients with steroid 
dependent asthma, Shapiro et al(12) 
demonstrated GER in 43% of patients. In the 
present series, recurrent aspiration 
pneumonitis and asthma/ reactive airway 
disease were documented in 19% and 29% 
patients respectively. 
This study has number of limitations. This is a 
retrospective study with its inherent biases. 
There may have been sparse data bias due to 
fewer numbers of patients as this study deals 
with rare surgical entity in pediatric 
orthopedics. 
 
Conclusion 
Our study showed that children with CP 
needing surgery for scoliosis before 10 years 
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of age are severely involved with co-
morbidities encompassing multiple organ-
systems. These children need 
multidisciplinary team approach for 
management of their medical conditions 
before and after surgery. 
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