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A B S T R A C T
Introduction: Evidence suggests that the diagnosis of cerebral palsy complemented by magnetic resonance imaging (MRI)
has potential to differentiate changes in the various types of cerebral palsy, especially the pathologic conditions. This study
explored the MRI patterns in children with cerebral palsy and their association with clinical findings.
Material and methods: The observational study included a total of 200 children clinically diagnosed with cerebral palsy
using MRI brain scan from January 2014 to December 2014. The process of imaging was preceded by demographic data
collection (age and sex) along with birth and maternal history. Data collected were coded in Microsoft Excel Worksheet.
However, the continuous data were expressed in terms of mean ± standard deviation (SD).
Results: The clinical characteristics revealed quadriplegia and diplegia in 26.5% and 25% of the children, respectively. Spastic
cerebral palsy was noted in majority of the children (64%) with most of the children diagnosed with spastic diplegia (24.5%)
followed by spastic quadriplegia (23%). MRI brain scan revealed 29.50% of the children with posterior involvement and
most common MRI finding was periventricular white matter (47%). Some of the other findings were porencephalic cysts
(14%) and myelination (11.5%). Periventricular leukomalacia (38%) was the common diagnosis on MRI scanning followed by
cystic degeneration, and basal ganglia involvement (11.5% each). The MRI diagnosis correlated well with clinical diagnosis
(80.5%).
Conclusion: MRI is a useful diagnostic tool, which helps to detect pathologic abnormalities in patients with cerebral palsy
and correlates well with clinical diagnosis.
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INTRODUCTION

Cerebral palsy (CP) is a set of neurological disorders, which
permanently affects the movements of the body along with
muscle coordination in infants or young children aged up to
3 years.1,2 However, the lesions present only in the region of
the brain are said to be characteristic of CP.1
The worldwide incidence of CP is approximately 1.5 to 4 per
1000 live births, as reported by CDC in 2016.3 On the other
hand, approximately 15–20% of the physically handicapped
children in India are said to be suffering from CP. According
to a recent survey, approximately 25 lakh of children in India
are reported to be diagnosed with this condition.4 However,
the prevalence of CP is strongly linked with the gestational
age, possibly due to malformation or damage of the brain
during the developmental stage. Although prematurity is
among the various risk factors of CP, maximum number
of reported cases are of full-term infants due to increased
number of full-term infants born as compared to the preterm
babies.5

Historically, birth trauma has often been associated with CP,
but the recent studies have implicated genetic, traumatic,
metabolic, inflammatory, anoxic, and congenital conditions
as the leading causes of CP. The commonly known risk
factors (prenatal) include conditions of chorioamnionitis,
placental complications, intrauterine infections, and longterm exposure to teratogens. Maternal conditions such as a
history of seizures, hyperthyroidism, and mental retardation
also contribute to its development to some extent. As a result,
each case of CP is distinct in nature. Moreover, the ongoing
prospective studies are focusing on inflammatory-mediated
models of CP along with the its sequence of development, as
past studies have termed prenatal events such as low weight,
infection, hyperbilirubinemia, intracranial hemorrhage,
seizure, and hypoglycemia as possibilities for neurological
sequelae of CP.6
Since parents and pediatricians are among the first few
people to notice the development of abnormal motor
movements, their concerns aid in the early diagnosis of
CP. However, risk factors may be revealed by analyzing the
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history of the child.7 Assessment of CP can be done at the
earliest by observing the persistence of primitive reflexes
and impairments in strength, tone, and control of muscles
along with variation in involuntary movements and delayed
progress of postural responses. The functional limitations can
also be analyzed for detecting CP using motor quotient.8-10
However, methods of detection have become advanced
with the development of unconventional techniques such
as computed tomography (CT) and magnetic resonance
imaging (MRI). These techniques are preferred, as they
help in correlating radiographic and clinical data with
respect to pre-, peri-, and postnatal asphyxia by detecting
morphological changes in the cerebral white matter.11 On
comparison of CT with MRI, it is found that the sensitivity
of MRI in detection of malformations such as callosal
hypogenesis and polymicrogyria in brain is far superior than
CT. Hence, MRI is usually preferred over CT for diagnosing
CP or its cause.7,12,13
Several clinical and neurological studies have been conducted
to evaluate the events before and after birth leading to the
development of CP.14-19 However, the studies pertaining
to clinical data in the case of prenatal care and insults are
limited and information are available only on histological
analysis. On the other hand, neuroradiologic studies have
been restricted in their usefulness before the introduction of
imaging by means of CT and MRI. Hence, the present study
was undertaken to characterize the MRI patterns in children
with CP and find their association with the clinical findings.

were administered with a sedative (pedicloryl syrup) under
the supervision of a trained anesthesiologist.
The study was approved and provided with Ethical clearance
from the Institutional Ethics Committee of Jawaharlal
Nehru Medical College, Belgaum before the commencement.
Additionally, parental consent of the selected children was
obtained in written before their enrolment in the study.

The present observational study was conducted at the
Department of Radio diagnosis, KLES Dr. Prabhakar
Kore Hospital and Medical Research Centre, Belgaum for
a period of 1 year from January 2014 to December 2014.
The study included a total of 200 children aged 10 years or
less who were undergoing neuroimaging and have previously
been diagnosed with CP on the basis of clinical findings.
However, children with the presence of metabolic disorders
or neuroimaging suggestive of metabolic disorders, history
of developmental regression or inflammatory brain diseases
such as meningitis, encephalitis, and intracranial spaceoccupying lesions (presence of brain abscess, tuberculoma,
neurocysticercosis, and neoplastic lesions of cerebral cortex)
are excluded from the study.
Data on the demographic characteristics (age and sex) along
with birth and maternal history were collected based on
interview. Information regarding the clinical type and nature
of CP were noted on a predesigned and pretested proforma
from the medical records of Child Development Clinic.
Imaging of the brain was done for analyzing the type and
nature of CP with the help of SYNGO 2002 B 1.5-T MRI
manufactured by SIEMENS. The scans performed included
parameters such as field of view (14–24 cm), slice thickness
(10, 5, and 3 mm), matrix size (256 × 256) and sequences
(T1, T2, fluid-attenuated inversion recovery (FLAIR), and
diffusion-weighted axial images, coronal T2 and sagittal T1
sequences) (Figs. 1 and 2).20 The study of correlation between
MRI diagnosis and clinical diagnosis was done after obtaining
conclusions from clinical diagnosis. Non-cooperative subjects

Figure-1: T1 Sagittal and T2 coronal images of a 6-monthold boy with history of birth asphyxia and spastic hemiplegia

MATERIAL AND METHODS

STATISTICAL ANALYSIS

The data obtained (expressed as rates, ratios, proportions, and
percentages) were coded and entered into Microsoft Excel
Worksheet. However, the continuous data were expressed in
terms of mean ± standard deviation (SD). The data obtained
for correlation study were determined by percentage
agreement.

RESULTS

The demographic data revealed male to female ration to be
1.40:1 where 58.5% of the children were boys and 41.5%
were girls. Most of the children diagnosed with CP were in

Figure-2: Diffusion-weighted imaging and fluid-attenuated
inversion recovery images showing in a 3-year-old girl with
spastic hemiplegia
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Figure-3: A 7-month-old boy with dystonic cerebral palsy
showing coronal T2 and fluid-attenuated inversion recovery
axial images with focal gliosis

Figure-4: FLAIR and T1 axial images of a 3-year-old girl
with spastic quadriplegia

Figure-5: T1 axial and T2 coronal showing areas of T1
hyperintensity within larger areas of T2 hyperintensity in a
2-year-old girl with spastic diplegic cerebral palsy

Figure-6: A 4-year-old boy with moderate periventricular
leukomalacia and spastic diplegia
age-group of 1–6 years (59.5%) followed by 7–10 years agegroup (21%). The rest of the children were below 1 year of
age. The mean age of the children with CP was 3.94 ± 3.06
years.
Analysis of maternal history revealed that 37% of the
subjects were preterm and 63% were full term babies. It was

also found that, among the 200 children evaluated, 24.50%
had the history of consanguineous marriage among parents.
Lack of antenatal care and home-based delivery was reported
by 4.5% and 3% of the mothers, respectively. The mode of
delivery was lower segment caesarean section in 20.5% while
instrumental in 10.5% of the babies. Also, complications of
urinary tract infection, gestational diabetes mellitus, multiple
gestation, premature rupture of membranes and per vaginal
bleeding were reported by 14.5%, 7%, 5%, 1%, and 0.5% of
the mothers, respectively.
History taking revealed that 43.5% of the children had low
birth weight (<2.49 kg) whereas 56.5% of children were
found to have more than 2.50 kg of birth weight. It was also
reported that 56.50% of the children were first-born whereas
29.5%, 11.5% and 2.5% of children were second, third, and
fourth born, respectively. Study revealed that most of the
children (58.5%) cried immediately after birth while delay
and weak cry were noted in 32.5% and 9% of the babies,
respectively. The process of resuscitation was done in 27%
of the children and a history of neonatal intensive care
unit (NICU) admission was noted in 62% of the children.
Jaundice (19.5%), feeding problems (16.5%), and seizures
(12%) were the predominant causes followed by cases of
respiratory distress syndrome (6.5%), septicaemia (3%), and
cyanosis (0.50%).
Most of the children had been diagnosed to have quadriplegia
(26.5%) followed by diplegia (25%), dyskinesia (19.5%),
hemiplegia (13.5%), and triplegia (0.5%). With regard to
nature of CP, spastic CP was noted in nearly two-third
of the total number of children (64%), and conditions of
dystonic (13%), choreoathetoid (10%), and ataxia (5.5%)
were present in the remaining children (Figs. 3–4). Based
on these evaluations (maternal history, birth history, type
and nature of CP) the most common clinical diagnosis was
spastic diplegia (24.5%) and spastic quadriplegia (23%)
(Fig. 5). The other diagnoses noted were spastic hemiplegia
(12%), dystonic (14%), choreoathetoid (10.5%), dyskinetic
(8.5%), mixed (3%), ataxic (3%), hypotonic (1%), and spastic
triplegia (0.50%). Malformations were found in 8.2% of the
children. Among those with white matter injury, 52% were
born preterm and spastic bilateral CP was the most common
subtype (47%). However, 80% of the children with focal
cortical lesions were reported to have unilateral CP.
In the present study, 29.5% of the children upon imaging
with MRI demonstrated posterior involvement and 16.5% of
the children displayed anterior and middle area involvement
of the brain. However, 14.50% of the children were found to
have involvement of the middle and posterior region, whereas
8%, 5%, and 4.5% of the children had the involvement
of middle, anterior middle, and posterior and anterior
regions of the brain, respectively. Of the total 200 children,
approximately 22% were normal. The most common MRI
finding was periventricular white matter (47%) followed by
cerebral cortex (34.5%), corpus callosum (22.5%), thalamus
(14%), globus pallidus (10.5%), cerebral cortex (8.5%),
putamen (8%), caudate nucleus (6.5%), internal capsule
(5.5%), and cerebellar white matter (0.5%). The other
common findings noted were porencephalic cysts (14%),
myelination (11.5%), ventricular enlargement and cerebellar
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Figure-7: Correlation between MRI and Clinical diagnosis of cerebral palsy
atrophy (11% each), focal infarct (5%), malformation (4%)
and enlargement of pericerebral subarachnoid spaces.
Based on these findings, the most common MRI diagnosis
was periventricular leukomalacia (38%) (Fig. 6) followed
by cystic degeneration (19%), basal ganglia involvement
(11.5%), atrophy (5.5%), infarct (5%), focal gliosis (4.5%),
malformation (4%), and demyelination (1.5%). Rest of
the subjects (11%) were normal. Among the children with
periventricular leukomalacia, the predominant area was
posterior white matter (42.11%) followed by anterior and
middle (23.68%), middle and posterior (23.68%), middle
(7.89%), anterior (1.32%), and anterior, middle and posterior
(1.32%).
In this study, MRI findings correlated well with clinical
diagnosis of patients with spastic triplegia (100%), spastic
diplegia (100%), choreoathetoid (95.24%), and spastic
quadriplegia (91.3%). The least correlation was noted with
dyskinetic (47.06%), mixed (50%), and hypotonic (50%)
(Fig. 7).

DISCUSSION

Due to incidence of CP at infancy/young age, it has
become an important social and medical problem.21-23 The
multiplicity of symptoms in CP is due to the injuries in
different parts of the brain—motor cortex (limb paresis),
basal ganglia (involuntary movements), and cerebellum
(congruity disorder of movement and balance).24 However,
its prevalence has decreased in the recent years as a result of
improvement in maternal care and pediatrics.
Recently, apart from the contemporary diagnostic tools,

advanced techniques of neuroimaging—CT and MRI have
been used to diagnose malformations or insults to the brain
such as the condition of CP. Several studies have supported
the fact that MRI has the potential to differentiate various
forms of CP with respect to detecting different changes
observed in each form.24,25 Moreover, MRI has been reported
to have high correlation with the findings of clinical
examination26 suggesting the need of a MRI scan for every
suspected patient to determine the form/stage of CP along
with predicting their future needs.
The present hospital-based observational study was therefore
undertaken to correlate the characterized MRI scans with the
clinical findings in CP. Slight male preponderance was noted
in the present study which was in accordance with studies
conducted by Najar et al.27 and Hoon et al.28 Similarly, in
an European CP study,26 61.9% of the children were boys.
However, Yamada et al.,29 out of 38 children, observed female
preponderance with 60.52% of the children being girls.
With respect to the age, the present study reported maximum
incidence of CP in children aged 1-10 years. The mean age
was observed to be 3.94 ± 3.06 years. In a similar study by Bax
et al.26, the age at the time of examination ranged from 12 to
91 months, with a mean age of 46 months. However, a recent
study by Dobhal et al.30 reported the mean age for children
diagnosed with CP as 61 months. In another study by Najar
et al.27, the 2–5 years age-group accounted for 78.94% of
total children with CP and the least involved age-group was
11–16 years (3.50%). The differences observed in the pattern
of age distribution in all the present studies, including the
present study, can be explained by the inclusion of different
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age-groups with varying sample size of the study population.
The present study indicated that about 24.50% of the children
diagnosed with CP had the history of consanguineous
marriage among parents. A study on consanguineous
marriage also reported the prevalence of CP in related
parents.31 The well-being of the mother is also an essential
factor in the development of CP. Complications such as
urinary tract infections and gestational diabetes indicates
poor health of the mother which has been observed in the
present study.32
The order of birth has also been considered as a factor for
the development of CP. In the present study, majority of the
children were first-born. Similar observations were reported
by Russell33 in which 63% of the 38 twins considered for the
study were first born.
The diagnosis and nature of the CP was also determined
in the children as part of the present study where majority
of the children were diagnosed with quadriplegia and the
nature of CP was reported to be spastic CP. In a similar study
by Najar et al.,27 most common type of CP observed was
spastic diplegia contributing to 49.10% of all cases. However,
Bax et al.26 reported that maximum number of children was
diagnosed with diplegia (34.4%) followed by hemiplegia
(26.2%), spastic quadriplegia (18.6%), and dyskinesia
(14.4%). Recently Anderson et al.34 described the distribution
of different MRI patterns in children with different subtypes
of CP. Among 711 (60.4%) children with CP and available
brain MRI, 14.2% had normal findings with spastic bilateral
subtype being the most common (48.5%); while white matter
injury was the most common lesion (48%), followed by focal
cortical (18.6%), diffuse cortical (14.1%), and basal ganglia
lesions (13.2%).
Further analysis of the CP in children included MRI scans
to analyse the area involved in the brain and the detection
of cysts, myelination, ventricular enlargement and other
malformations. The scans revealed maximum involvement
of the posterior region and the presence of periventricular
white matter and cerebral cortex. Based on the observations,
periventricular leukomalacia was stated as the most common
diagnosis where the predominant area was posterior white
matter. These observations were consistent with several other
studies.
Bax et al.26 reported that white matter damage of immaturity
was the most common finding (42.5%) followed by
basal ganglia lesions (12.8%), cortical/subcortical lesions
(9.4%), malformations (9.1%), focal infarcts (7.4%), and
miscellaneous lesions (7.1%). Similarly, population-based
studies of brain imaging patterns in CP35 also reported
white matter injury as the most common imaging pattern
for all children with CP, occurring in 19–45% of cases across
three studies. Krageloh-Mann and Horber36 reported white
matter injury in 56% of scans, but the results were not
directly comparable since their review only included spastic–
dyskinetic CP. A systematic review of studies36 using MRI
in children with CP reported that out of 388 children,334
(86%) had abnormal MRI. and Periventricular white matter
lesions were most frequent (56%) followed by cortical and
deep grey matter lesions (18%). Brain malformations were
rather rare, described in only 9% of the cases. In a study

by Najar et al.,27 the most common MRI abnormality was
periventricular lesion (38.59%); however, Kwong et al.37 and
Gururaj et al.38 reported higher rate of periventricular lesions
in 66% and 57% of total cases, respectively. A review35 based
on evidence from three population-based cohorts suggested
that MRI, or a combination of MRI, and CT, identify
abnormality in 86% of children with CP.39-41 However, in
the present study MRI findings were normal in 11% of the
children. Similar proportion of normal MRI findings was
reported in the European CP study (11.7%).26
Conclusion
The overall correlation of MRI findings with clinical
diagnosis was 80.5%. These findings suggest that, as MRI
has high correlation with clinical diagnosis, it can be a
valuable tool in determining the pathological abnormalities
and etiology of the patients with CP and thus, can help in
making better prognosis of CP. However, further studies may
focus on etiological aspects of CP and create awareness of
possible preventive measures which will help in reducing the
huge burden of the CP.
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