
ABSTRACT
Objective: Spastic cerebral palsy (sCP) is a cause of early onset scoliosis, although there are no data on its prevalence. Our objective 

was to determine the prevalence of early onset neuromuscular spinal deformities (SD) in severely compromised children with sCP. Methods: 
Cross-sectional quantitative, observational, exploratory, and descriptive study. Review of clinical records. Inclusion criteria: age 2 to 5 years, 
sCP, level V of the GMFCS, residents in our province. X-ray blind reading by 2 observers. The Student t test was used for parametric data 
and the chi-square test for non-parametric data. Level of statistical significance: p < 0.05. Results: Thirty-eight cases of 158 registered 
were included. Average age: 3 years 7 months (2 years – 5 years 2 months). Sex: 21 male/17 female. The predominant etiologies were 
perinatal: 21 (55.3%), and the prevalent nutritional status was eutrophic: 28 cases (73.7%). SD was very frequent: 32 patients (84.2%) without 
statistical differences between sexes; there were 20 kyphoscoliosis, 1 lordoscoliosis, 6 scoliosis, 5 hyperkyphosis. Mean angular values: 
23.9° (10°- 50°) for the frontal plane deformities and 58° (9°- 92º) for the sagittal deformities. Seventeen patients (44.7%) had average pelvic 
obliquity of 15° (2°- 30°) without differences in patients with and without SD. There was no association between SD and etiology, digestive 
disorders, seizures, nutritional status, hip excentration, or limb deformities. Conclusions: The prevalence of SD in children up to 5 years old 
with severe sCP is high: 84.2% (32/38 cases). The orthopedic profile is children with sCP of any etiology at GMFCS level V, with multiple 
disabilities and independently of associated limb deformities. Level of evidence I; Diagnostic Studies - Investigating a Diagnostic Test: 
Testing of previously developed diagnostic criteria on consecutive patients (with universally applied reference “gold” standard).

Keywords: Scoliosis; Cerebral palsy; Spasticity.

RESUMO
Objetivo: A Paralisia Cerebral espástica (PCe) é uma das causa de escoliose precoce, embora não existam dados da prevalência. Nosso 

objetivo foi determinar a prevalência das deformidades espinhais (DE) neuromusculares de início precoce em crianças PCe severamente 
comprometidas. Métodos: Estudo quantitativo transversal, exploratório e descritivo, observacional. Revisão de prontuários. Critérios de 
inclusão: idade 2 a 5 anos, PCe, nível V do GMFCS, domiciliado na nossa província. Leitura cega das radiografias por 2 observadores. 
Foram utilizados o teste T de Student para dados paramétricos e, para o não-paramétricos, o chi-quadrado. Nível de significância estatística: 
p < 0.05. Resultados: 38 casos de 158 achados foram incluídos. Idade média: 3 anos 7 meses (2 anos – 5 anos 2 meses). Sexo: 21 
homens/17 mulheres. Predominaram as causas perinatais: 21 (55,3%), e o estado nutricional prevalecente foi o eutrofico: 28 casos 
(73,7%). A DN foi muito frequente: 32 casos (84,2%), e nenhuma diferença estatística entre os sexos; houve 20 cifoescoliose, 6 escolioses, 
1 lordoescoliose, 5 hipercifose. Valores médios angulares: 23.9° (10°- 50°) para as deformidades frontais e 58° (9°- 92º) para as sagitais. 
Dezessete casos (44,7%) apresentavam obliquidade pélvica média de 15° (2°-30°); não há diferenças em pacientes com e sem DE. Não 
havia nenhuma associação entre a DE e etiologia, distúrbios digestivos, convulsões, estado nutricional e luxação dos quadris ou deformi-
dades dos membros. Conclusões: A prevalência de DE em crianças de até 5 anos com PCE severa é alta: 84.2% (32/38 casos). O perfil 
ortopédico são todas crianças GMFCS V, de qualquer etiologia, com diferentes deficiências e independentemente das deformidades dos 
membros associados. Nível de evidência I; Estudos diagnósticos – Investigação de um exame para diagnóstico. Teste de critérios 
diagnósticos desenvolvidos anteriormente em pacientes consecutivos (com padrão de referência "ouro" aplicado).
 
Descritores: Escoliose; Paralisia cerebral; Espastina.

RESUMEN
Objetivo: Evaluar la influencia de la técnica MIS-TLIF sobre los parámetros espinopélvicos de pacientes sometidos a artrodesis lumbar. 

Objetivo: La parálisis cerebral espástica (PCe) es una causa de escoliosis de comienzo temprano, aunque no existen datos de su pre-
valencia. Nuestro objetivo fue determinar la prevalencia de las deformidades espinales (DE) neuromusculares de comienzo temprano en 
niños con PCe severamente comprometidos. Métodos: Estudio transversal cuantitativo, observacional, exploratorio y descriptivo. Revisión 
de historias clínicas. Criterios de inclusión: edad 2 a 5 años, PCe, nivel V del GMFCS, domiciliados en nuestra provincia. Lectura a ciegas 
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de radiografías por 2 observadores. Se usó el test t de Student para datos paramétricos y el chi-cuadrado para los no paramétricos. Nivel 
de significación estadística: p < 0,05. Resultados: Treinta y ochos casos de 158 registrados fueron incluidos. Edad promedio: 3 años 7 
meses (2 años – 5 años 2 meses). Sexo: 21 varones/17 mujeres. Las etiologías predominantes fueron perinatales: 21 (55,3%), y el estado 
nutricional prevalente el eutrófico: 28 casos (73,7%). La DE fue muy frecuente: 32 pacientes (84,2%), sin diferencias estadísticas entre 
sexos; hubo 20 cifoescoliosis, 1 lordoescoliosis, 6 escoliosis, 5 hipercifosis. Valores angulares medios: 23,9° (10°- 50°) para las deformi-
dades frontales y 58° (9° - 92°) para las sagitales. Diecisiete pacientes (44,7%) presentaron oblicuidad pélvica promedio de 15° (2°- 30°), 
sin diferencias en pacientes con y sin DE. No hubo asociación entre DE y etiología, trastornos digestivos, convulsiones, estado nutricional, 
excentración de caderas ni deformidades de miembros. Conclusiones: La prevalencia de DE en niños de hasta 5 años con PCe severa es 
alta: 84,2% (32/38 casos). El perfil ortopédico es de niños con PCe V del GMFCS de cualquier etiología, con diversas discapacidades e 
independientemente de las deformidades asociadas de los miembros. Nivel de Evidencia I; Estudios de diagnósticos - Investigación 
de un examen para diagnóstico. Pruebas de criterios de diagnósticos desarrollados anteriormente en pacientes consecutivos 
(con estándar de referencia “oro” aplicado).

Descriptores: Escoliosis; Parálisis cerebral; Espasticidad.

INTRODUCTION
Neuromuscular spinal deformities appear in the child secondary 

to various conditions and cause a complex and progressive dis-
tortion of the trunk. On the other hand, early-onset scoliosis starts 
during the first few years of life,1-3 in infancy and early childhood, and 
may have multiple causes, among which neuromuscular diseases 
stand out.4 Cerebral palsy (CP) is one of these disorders,5 being 
epidemiologically significant since its global prevalence ranges from 
1 to 7 per 1000 children,6 affecting approximately 2 out of every 
1000 live births.7-11

A number of deformities may appear in the spine of the child 
with spastic CP, but the most frequent is neuromuscular scoliosis 
(NS),12-15 especially in the thoracolumbar region.12,13,15 It is recogni-
zed that children with more profound and severe compromise are at 
higher risk for its occurrence;5,12,14-18 and it is not uncommon to have 
pelvic obliquity associated with the NS, which further aggravates the 
condition.5,12,13,15,16,18,19 These deformities increase as long as there 
is significant growth ahead such that the earlier it begins, the greater 
the potential to create a severe deformity by the end of that growth. 
Thus, the curves of the spastic CP that begin very early, and are 
not treated progress, and require much more costly treatments with 
higher morbidity and mortality,20 having a greater negative impact 
on the patient’s quality of life.21

According to the literature, the spinal deformity of CP appears 
well into childhood, at around 6, 7, or 8 years of age,14,19 its appe-
arance being very rare in young children.12 But in reality, there are 
no concrete data about the prevalence of the forms of early-onset 
spastic CP, and only its rarity is mentioned.12,18

This study sought to determine the prevalence of early-onset 
spinal deformity in patients between 2 and 5 years of age with severe 
spastic CP treated at a provincial pediatric hospital, as well as to 
describe the orthopedic clinical profile of children with this deformity, 
and to establish criteria for early detection.

METHODS
This non-experimental primary research had a quantitative, mi-

xed exploratory and descriptive, observational, and cross-sectional 
design.22-24 We worked with the universe of children severely com-
promised by spastic CP treated through the State Public Health 
System25 in our province during the years covered by the investi-
gation – a total of 158 cases. We used non-probabilistic intentional 
sampling,26 with the following inclusion criteria: aged between 2 
and 5 years with severe spastic CP at level V of the Gross Motor 
Function Classification System (GMFCS),27 to have been treated in 
the Pediatric Orthopedics and Traumatology Service of the hospital 
(authorization by the Hospital Institutional Review Board: Methodo-
logical and Ethical Evaluation Memo of 27 November 2014), to have 
been born between 2009 and 2013, and living in the province. All 
the patients treated had an Informed Consent Form signed by their 
parents, guardians, or representatives, upon admission.

The sampling process was based on the review of clinical case 

histories during regular medical check-ups and on spinal radiographs. 
The variables studied were sex, age at the time of interview, resi-
dence address, etiology of the CP, type of spinal deformity, location 
of the deformity, side of the frontal curves, angle value, degree of 
pelvic obliquity, presence of convulsions, presence of digestive/
swallowing disorders, nutritional state, presence of tracheostomy, 
and associated orthopedic deformities of limbs.

In each case, frontal and lateral radiographs were taken in seated 
and lying positions to assess the existence of spinal deformity. Sin-
ce these children had no trunk control, a special radiolucid support 
produced by the hospital itself according to that described by Miller12 
was used. To ensure reproducibility of the data, a blind reading of the 
radiographs was performed by qualified doctors of the Orthopedics 
and Traumatology Service of the hospital, following the criteria of the 
SRS and other authors.28,29 Nutritional status was evaluated with the 
Krick theoretical weight table for quadriplegic children.30

The results were analyzed with descriptive statistics,31 through 
SPSS® software, using the Student’s t-test for parametric and the 
chi square test for non-parametric data.23,31-33 P < 0.05 was adopted 
as the level of statistical significance.

RESULTS
Of the universe of 158 registered cases, 39 met the inclusion 

criteria. However, one of them died shortly after the clinical evalua-
tion without having completed the radiographical examination, so 
the results of a total of 38 patients comprising the corresponding 
sample were analyzed.
Sociodemographic data: The mean age was 3 years and 7 months 
(ranging from 2 years to 5 years and 4 months). The sample was 
made up of 21 males (55.3%) and 17 females (44.7%) and there 
were no statistical differences in age between the sexes (p=0.696).

The two most populated provincial departments provided the hi-
ghest number of total cases – 25 patients (65.8%) – and the highest 
number of patients with deformities. They are also the ones with the 
most people with spastic quadriplegia censused in our province.34 
When we compared the proportion of sample cases from these 
departments to those from the other departments and, likewise, the 
total number of spastic quadriplegics we found no statistical diffe-
rences. Thus, we consider the sample to be representative. (Table 1)

When considering the socioeconomic conditions according to the 
percentage of households with unsatisfied basic needs (UBN),35,36 

Table 1. Frequency distribution of the sample cases and the population 
(censused). Comparison between the sample and the censused population.

Department of Origin Sample Census *p

Department 1 18 (47.4%) 133(49.1%) 0.981

Department 2 7 (18.4%) 37(13.7%) 0.589

Remaining locations 13 (34.2%) 101 (37.2%) 0.852

Total 38 271
No statistically significant differences were observed between the percentages of census and sample 
values. The goodness-of-fit test between the patient sample and census was not statistically significant 
(p=0.543).
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the departments with the largest population, the greatest number of 
spastic quadriplegics, and the highest contribution of cases (27 of 
the 38) are those with less than 20% of households with UBN.37,38

Data dependent on the medical variables: The perinatal etiology 
of CP was prevalent. (Table 2) Twenty-six (68.4%) patients had diffe-
rent types of associated epileptic seizures in treatment; 25 (65.8%) 
had swallowing/digestive disorders (most of them (92%) requiring a 
permanent nasogastric tube or gastrostomy), but only 2 underwent 
permanent tracheostomy. The prevalent nutritional state was eutrophic 
with 28 cases (73.7%) with only 6 cases of undernourishment. (Figure 1)
Data related to deformity: Spinal deformity was very common in 
this group: 32 patients (84.2%) had some form, the most frequently 
observed being the combination of frontal (scoliotic) and sagittal 
curves (Figure 2 and 3).

The predominant location of the deformity in the 32 children who 
had it was the thoracolumbar region. (Figure 4) Of the 27 frontal 
curves, 14 (51.9%) were on the right side and 13 (48.1%) were on 
the left. The mean angle of the frontal deformities (27 curves) was 
23.9° and of the sagittal deformities (26 curves) was 58°. (Table 3)

No statistical differences were observed between the sexes for 
patients with and without deformity (p = 0.778). Considering sex 
with respect to the type of deformity, although there was a slight 
predominance of kyphoscoliosis in females and hyperkyphosis in 
males, there were no significant differences (p = 0.205). (Table 4)

As we have seen, 55.3% (21/38) of the patients had perinatal 
CP and this ratio was maintained in the 32 patients with deformity 
(53.1%, 17/32). Even though perinatal causes were much more 
frequent, there was no significant association between it and the 
presence of deformity (p = 0.540). (Table 5)

The existence or not of deformity was not associated with diges-
tive disorders (p = 0.323), convulsions (p = 0.391), or any nutritional 
state (p = 0.335).

Finally, when the subclassification of GMFCS V39 into subgroups 
of progressively higher and increasing probabilities of postoperative 
complications according to the number of multiple disabilities is 
considered, only 2 of our 32 patients with spinal deformity underwent 
tracheostomy, although 23 had gastrostomies and permanent na-
sogastric tubes. Thus, 17 patients with deformity were of subtype 
5.3 (i.e., those with the highest range of multiple disabilities and 
with a higher rate of complications in deformity surgeries). (Table 6) 

Table 2. Frequency distribution and percentage of the etiology of the CP.

Etiology of the CP Number of cases Percentage

Perinatal 21 55.3%

Congenital 10 26.3%

Postnatal 6 15.8%

Mixed 1 2.6%

Total 38 100.0

Figure 1. Percent distribution of patient nutritional status.

Figure 3. Percent distribution of types of spinal deformity. 

Figure 4. Percent distribution of the location of the spinal deformity.

Figure 2. Patient aged 4 years 1 month. Seated radiographs (A and B): 
Scoliosis 20o, Kyphosis 69o. The pelvic obliquity associated with the thoraco-
lumbar scoliosis is observed in the radiograph in the lying down position (C).

Table 3. Frontal and sagittal curve angle values.

Variable N Mean Median Mode Standard 
Deviation Minimum Maximum

Angle 
Value

Frontal 
angle 27 23.9 20.0 20,0 11,77 10 50

Sagittal 
angle 26 58.0 55.0 55.0 16.73 9 92

Seated

Seated

11CG24
Lying down

A B C

Nutritional Status

Eutrophic

Malnourished

Overweight

28 ([73.7]%)

6 ([15.8]%)

4 ([10.5]%)

Types of Spinal Deformity

Location of the spinal deformity

Kyphoscoliosis

Scoliosis 

Hyperkyphosis 

Lordoscoliosis

62.5%

18.8%

15.6%

3.1%

78.1

18.8

3.1

 Thoracolumbar       Thoracic           Lumbar
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However, no significant differences were found between the patients 
with and without deformity in the different subgroups (p = 0.197) 
nor were there any in the patients with distinct deformities between 
the different subgroups (p = 0.197).
Data related to pelvic obliquity: Seventeen (44.7%) of the 38 pa-
tients presented pelvic obliquity: 16 with spinal deformity and one 
without deformity. The mean pelvic obliquity was 15° (range 2° - 30°). 
The presence of obliquity in patients with and without spinal defor-
mity did not show a statistical difference (p = 0.131). Furthermore, 
the various deformities were distributed evenly between the cases 
with and without pelvic obliquity.

When we evaluated the relationship between cases with and wi-
thout spinal deformity, presence of pelvic obliquity, and association 
with hip excentration, there were no statistical differences (p = 0.132) 
between these factors in the contingency tables (Table 7 and Figure 5). 
Hip adduction, subluxation, and luxation are distinct moments and 
modalities of “hip excentration”,12,15,40,41 so we decided to combine 
them all under the latter term for the purposes of statistical analysis. 
Interestingly, all the patients without hip excentration (12) had spinal 
deformity whether or not they had associated pelvic obliquity.

Data related to associated orthopedic deformities: Finally, there 
were orthopedic deformities of the associated limbs in all cases 
except one (1). The most common deformities (those observed in 
more than 10 patients) were assessed statistically in search of some 
association with the presence or not of spinal deformity, but showed 
no significant association.

DISCUSSION
The term CP is a “diagnostic umbrella” that comprises a group 

of pathologies of different etiologies, which must strictly comply with 
the inclusion criteria for the disease.42 The wide range of entities 
that comprise it, the lack of a unanimous consensus to make the 
diagnosis, together with the fact that diagnosis is very difficult prior 

Table 4. Frequency distribution and percentage of type of deformity by sex.

Spinal deformity
Male

Sex
Total

Female

Scoliosis
Frequency 5 1 6

% 23.8% 5.9% 15.8%

Kyphoscoliosis
Frequency 8 12 20

% 38.1% 70.6% 52.6%

Lordoscoliosis
Frequency 1 0 1

% 4.8% 0.0% 2.6%

Hyperkyphosis
Frequency 4 1 5

% 19.0% 5.9% 13.2%

None
Frequency 3 3 6

% 14.3% 17.6% 15.8%

Total
Frequency 21 17 38

% 100.0% 100.0% 100.0%

Table 5. Type of deformity frequency distribution and percentages by etiology 
of the CP.

Spinal Deformity
Congenital

Etiology of the CP
Total

Perinatal Postnatal Mixed

Without 
deformity

Frequency 2 4 0 0 6

% 33.3% 66.7% 0.0% 0.0% 100.0%

Scoliosis
Frequency 1 4 1 0 6

% 16.7% 66.7% 16.7% 0.0% 100.0%

Kyphoscoliosis
Frequency 6 9 4 1 20

% 30.0% 45.0% 20.0% 5.0% 100.0%

Lordoscoliosis
Frequency 1 0 0 0 1

% 100.0% 0.0% 0.0% 0.0% 100.0%

Hyperkyphosis
Frequency 0 4 1 0 5

% 0.0% 80.0% 20.0% 0.0% 100.0%

Total
Frequency 10 21 6 1 38

% 26.3% 55.3% 15.8% 2.6% 100.0%

Table 6. GMFCS V multiple disability sub-classification by the existence or 
non-existence of deformity.

GMFCS V sub-classification
With Deformity Without Deformity
Frequency (%) Frequency (%)

Total 32 (100.0) 6 (100.0)

Subgroup 1 9 (28.1) 1(16.7)

Subgroup 2 6 (18.8) 1(16.7)

Subgroup 3 17 (53.1) 4(66.6)

Table 7. Frequency distribution and percentage of pelvic obliquity by the 
existence or not of spinal deformity and excentration of the hips.

Excentration of the hips
Spinal Deformity

Total
Yes No

Yes

Pelvic 
Obliquity

Yes
Frequency 11 1 12

% 91.67% 8.33% 100,00%

No
Frequency 9 5 14

% 64.29% 35.71% 100,00%

Total
%

Frequency 20 6 26

76.92% 23.08% 100.00%

No

Pelvic 
Obliquity

Yes
Frequency 5 0 5

% 100.00% 0.00% 100.00%

No
Frequency 7 0 7

% 100.00% 0.00% 100.00%

Total
%

Frequency 12 0 12

100.00% 0.00% 100.00%

Total

Pelvic 
Obliquity

Si
Frequency 16 1 17

% 94.12% 5.88% 100.00%

No
Frequency 16 5 21

% 76.19% 23.81% 100.00%

Total
%

Frequency 32 6 38

84.21% 15.79% 100.00%

Figure 5. Patient aged 2 years 2 months. Radiographs of the front of the 
spine in the seated position (A) and of the posterior-anterior pelvis (B). In the 
spinal radiograph, the measurement of pelvic obliquity is observed and, in the 
posterior-anterior radiograph, its direction, and the excentration of the right hip. 

Right side

Right side

pelvis posterior view

12GE20
Seated 
kyphoscoliosis

A

B

Coluna/Columna. 2019;18(1):21-7



25
PREVALENCE OF EARLY SPINAL DEFORMITY IN CHILDREN WITH GMFCS V CEREBRAL PALSY

to one year or many times prior to two years of age, often causes 
the subregistration of records of children with CP.8,12, 43

In our province there is no integrated registration of the number 
of children with spastic quadriplegic CP, but cross-linking the data 
from different official departments for the year 2015,25,34,44 519 pa-
tients with spastic CP were reported in the province, all ages and 
topographies included, and 334 patients with spastic quadriplegia, 
all ages and etiologies (among them CP) included. Therefore, the 
universe of 158 children (patients under 14 years of age, as defined 
by the Provincial Public Health System) with spastic CP who received 
assistance in our hospital (the only pediatric center in the province)25 
is not very far from reality.

If we look at the distribution of the population across the pro-
vincial departments, the frequency of cases in the sample aligns 
with it.38,45 Additionally, the ratios of censused cases from the de-
partments with higher demographic density to their total number of 
spastic quadriplegics did not show statistical differences.

According to the literature, CP spinal deformity appears well 
into childhood, at around 7 or 8 years of age14 and is very rare in 
young children.12 Patel and Shapiro46 state that deformity develops 
early (2 to 5 years) but do not offer any bibliographical or statistical 
proof of cases, they do not establish the age of the first controls, 
and they only cite one example of a three-year-old and another of a 
seven-year-old in their article. Also, Gu et al.47 found that age is the 
most important predictive factor for the development and progres-
sion of deformity. However, they set the cutoff age for progression 
of Cobb angles greater than 40° at 12 years and did not establish 
the youngest age of onset.

For this study, we chose 2 years as the starting point because 
the formal spastic condition is usually defined around 2 years of 
age.43 Also, after 2 years of age, the classification system for the 
degree of compromise (GMFCS) offers adequate stability in suc-
cessive evaluations.48

Furthermore, it is known that the development and the prevalen-
ce of this deformity are proportional to the degree of neurological 
compromise and inversely proportional to walking ability.49 Thus, the 
criterion for selection of the most affected (CMFCS V) children is in 
direct relation to the high frequency in our cases.

Here, there were no statistical differences between the boys and 
the girls in terms of the presence of deformity (p = 0.777), both 
sexes having been affected in a comparable manner.

Frequencies and relationships with the provenance of the cases
In our 38 patients, averaging 3 years and 7 months in age, we 

found a high frequency of spinal deformity (32 patients = 84.2%). 
As we have seen, the 32 patients with deformities were distributed 
among the different provincial departments in accordance with the 
distribution of the general population and of spastic quadriplegics.

It is generally recognized that CP is more prevalent in the most 
disadvantaged socio-economic groups,7 but in the current investi-
gation, we found no relationship between greater socio-economic 
difficulties and a higher proportion of cases with deformities. In 
fact, taking the proportion of UBN households by department into 
account, our province had an average of 23.2% of its households 
with UBN.38 But in this study, the departments with the higher pro-
portion of households with UBN (above 20%) accounted for only 
10 of the analysis subjects (7 with deformities). Also, using the Gini 
coefficient50,51

 to measure socio-economic inequality among the dif-
ferent sanitary regions of the province, no significant differences in 
the frequency of cases with and without deformities were observed. 
Thus, those regions with a Gini coefficient greater than 0.4 (the alarm 
threshold for socio-economic inequality) are those that showed the 
lowest proportion of patients and of cases with deformity with re-
spect to the spastic quadriplegics censused.*

In summary, it can be established that the prevalence of spinal 

deformity in young severely affected spastic children is very high 
(84.2%), that the distribution of its frequency is aligned with demo-
graphic population density variables, and that the different socio-
-economic variables of the departments do not influence it.

Factors associated with the presence of deformity
There is controversy around the appearance and development of 

scoliosis in CP, given that there is no solid evidence in the literature,52 
no certain association having been found with defined risk factors.53

The incidence of CP is correlated both with gestational age and 
low birth weight,11,15,54-56 these being the most important recogni-
zable factors among perinatal causes. However, as we have seen, 
there was no significant statistical relationship in our patients that 
would establish a higher frequency of spinal deformity or specific 
etiological type of spastic CP. (Table 5)

We also could not confirm any association between early develo-
pment of a spinal deformity and the existence of digestive disorders, 
convulsions, or any particular nutritional state of the patients.

Jain et al.39 sub-classified patients with GMFCS V CP into pro-
gressive subgroups of risk of the probability of complications in 
spinal deformity surgeries by number of disabilities presented. Their 
article demonstrates that the group of cases selected for our study 
includes a subgroup of patients at high risk for presenting postope-
rative complications of advanced deformities at later ages. However, 
not finding significant differences in the subgroups between patients 
with and without deformity, or between the different types of defor-
mities, (Table 6) it can be established that all the GMFCS V spastic 
CP children, regardless of subgroup, are at high risk of early-onset 
spinal deformity.

As regards the presence of orthopedic deformities of the limbs, 
we have seen that there were no significant differences between 
each of them and the presence or not of spinal deformities. Conse-
quently, it can be considered that the existence of any deformities 
of the limbs does not constitute per se a red flag for the early appe-
arance of spinal deformity.

An important point is the relationship between spinal deformity 
and pelvic obliquity, and between both of these and hip excentration. 
The work of Patel and Shapiro46 in this area does not allow valid 
conclusions since it was not homogeneous: it combined different 
neuromuscular conditions and included only 26 spastic quadriplegic 
CP patients, moreover, a mix of GMFCS IV and V levels. In our series, 
which was homogeneous, consisting of young GMFCS V children 
(2 to 5 years of age), we did not find significant differences in relation 
to pelvic obliquity between patients with and without spinal deformity, 
nor were there statistical differences (p = 0.132) between cases 
with and without deformity, the existence or not of pelvic obliquity, 
and association or not with hip excentration. (Table 7) Therefore, 
in this group of young children, pelvic obliquity does not seem to 
act as it does in older children as a “marker of the appearance of 
scoliosis”,57 and, in agreement with that established by Loeters et al. 
in older children,53 it also shows that the evidence of any association 
between scoliosis, pelvic obliquity, and hip luxation at this young 
age is very weak.

Although there are controversial findings about the association 
between the direction of scoliosis and the direction of pelvic obliquity 
and/or the “windswept” hip deformity58-60 in children above 6 years 
of age, in this series the laterality of the scoliosis did not seem to 
influence excentration. (Figures 5 and 6)

Establishing a profile of the patient at risk
It can be established then that a young child (2 to 5 years of age) 

severely compromised (quadriplegic with total body involvement) 
with GMFCS V spastic CP has a high probability of presenting a 
neuromuscular spinal deformity regardless of the socio-economic 
status of place where the patient comes from.

The most common deformity is kyphoscoliosis, followed by scolio-
sis and the most common location is the thoracolumbar spine. How-
ever, it does not present a systematically associated pelvic obliquity.

This deformity appears in any etiology of the CP. The children at 

* The Gini coefficient is represented by a number between 0 and 1, in which 0 corres-
ponds to perfect equality (all have the same income) and 1 corresponds to perfect 
inequality (one person has all the income and the others none).45
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risk did not show any apparent statistical association with any limb 
deformity; even though it seems to be more frequent in those without 
hip excentration, no statistically association was found.

CONCLUSIONS
The prevalence of neuromuscular spinal deformities in young 

children with severe spastic CP (GMFCS V) is high and the age of 
onset is much earlier than that suggested by the literature.

The proportion of cases aligns with demographic distribution, 
no matter the socio-economic status of the place.

Children from 2 to 5 years of age severely compromised by 
spastic CP with a high frequency of the appearance of neuromuscu-
lar spinal deformity are all GMFCS V, of any CP etiology, with varying 
degrees of multiple disabilities, regardless of whatever orthopedic 
limb deformities may exist.

The detection of early spinal deformities should focus on all 
these children.
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