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Objective To identify distinctive clinical features characterizing children with cerebral palsy (CP) and normal-
appearing magnetic resonance imaging (MRI) findings.
Study design Using a population-based CP registry, the Registre de la Paralysie C�er�ebrale au Qu�ebec (Quebec
Cerebral Palsy Registry), various antenatal, perinatal, and postnatal predictor variables, as well as current pheno-
type, were compared in patients with normal-appearing MRI findings and those with abnormal MRI findings.
ResultsOf the 213 patients evaluated, 126 (60%) hadMRI imaging results available and were included in our anal-
ysis. Of these 126 patients, 90 (71%; 51 males, 39 females) had abnormal findings and 36 (29%; 17 males and 19
females) had normal-appearing findings. Compared with other CP variants, normal-appearing MRI was more prev-
alent (P = .001) in dyskinetic CP (72.7%; 8 of 11) and less prevalent (P = .002) in spastic hemiplegic CP (10%; 4 of 40).
There were no significant differences between the 2 groups (P > .05) in terms of the prevalence of perinatal or post-
natal clinical features or clinical outcomes. Furthermore, 42% (15 of 36) of the children with normal-appearing MRI
exhibited a high degree of functional disability (Gross Motor Functional Classification System IV-V), compared with
33% (30 of 90) with abnormal MRI.
Conclusion No clinical features, except a higher prevalence of dyskinetic CP, was identified in the children
with normal-appearing MRI. More refined imaging techniques may be needed to evaluate patients with
normal-appearing MRI findings. Furthermore, genetic or functional, rather than gross structural lesions, may un-
derlie the pathophysiology of CP in this cohort. Finally, the high proportion of substantial functional disability un-
derscores the importance of continuous follow-up even in the absence of early structural abnormalities on
imaging. (J Pediatr 2013;162:369-74).

E
stimated to occur at a frequency of 1.5-2.5 per 1000 live births, cerebral palsy (CP) remains the most common cause of
physical disability in children.1 This neurologic entity is characterized clinically by a nonprogressive motor impairment
manifested by abnormal muscle tone, strength, posture, reflexes, and motor skills, presumably arising from an early

insult to the developing immature brain in the prenatal, perinatal, or early postnatal period.2 Children with CP have an
increased prevalence of associated comorbidities, including intellectual disability (52%), epilepsy (45%), speech/language def-
icits (38%), vision impairment (28%), and hearing impairment (12%).3

Neuroimaging plays an important role in elucidating the timing of the injury and contributes to our understanding of the
etiology and pathogenesis underlying CP.4 According to practice guidelines issued in 2004 by the American Academy of Neu-
rology and the Child Neurological Society, neuroimaging is recommended in the diagnostic evaluation of all children with CP.3

Numerous studies have identified neuroimaging patterns that correlate not only with the timing of injury, but also with the CP
subtype.3,5,6 For example, whereas periventricular leukomalacia occurs more frequently in preterm infants and is correlated
with spastic quadriplegic or diplegic CP,7,8 spastic hemiplegic CP is observed more often in stroke survivors.6,9 Other neuro-
imaging patterns have been identified as well.10

Although abnormalities on neuroimaging can be identified in the majority of children with CP, case series have consistently
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demonstrated that up to 32% of patients with CP can present with normal or
nonspecific findings, especially those with ataxic or dyskinetic variants.3 Little
is known of the etiology and pathogenesis of CP in this cohort of patients. The
aim of the present study was to use a population-based CP registry to identify
clinical factors that differentiate patients with CP and normal or nonspecific neu-
roimaging findings from those with structural abnormalities, and thereby eluci-
date the pathophysiological mechanisms in this cohort of patients.
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CP Cerebral palsy

CT Computed tomography

DTI Diffusion tensor imaging

GMFCS Gross Motor Functional Classification System

MRI Magnetic resonance imaging

REPACQ Registre de la Paralysie C�er�ebrale au Qu�ebec
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Methods

The study was conducted using data extracted from the
Registre de la Paralysie C�er�ebrale au Qu�ebec (REPACQ; Que-
bec Cerebral Palsy Registry), a population-based registry that
covers approximately one-half of the province’s population
and annual births and is operational in 6 of the 17 geograph-
ically defined regions of Quebec’s administrative health and
social services infrastructure (island of Montreal, Quebec
City, Laurentians, Lanaudiere, Estrie, and Outaouais). Chil-
dren are recruited into REPACQ through systematic surveys
of pediatric rehabilitation and healthcare providers, which in
Quebec are universally funded by the government and accessi-
ble to the entire population.Once cases are identified, parental
consent is obtained, and a detailed review of the maternal
medical and obstetric records as well as the child’s neonatal,
medical, and rehabilitation charts is conducted. These data
are further supplemented by a standardized parental interview
andphysical examination of the child.More than 120 variables
are collected for each enrolled patient. Local Ethics Board ap-
proval for case and data ascertainmentwas obtained from each
participating institution. The Montreal Children’s Hospital-
McGill University Health Center research ethics board pro-
vided central ethical approval for data storage, analysis, and
overall REPACQ operations.

To be enrolled in REPACQ, a child must be at least 2 years
of age and meet the diagnostic criteria for CP, which include
clinical diagnosis of a nonprogressive motor impairment
resulting from a presumably early insult to the developing
brain, which also could be associated with one or more def-
icits in other spheres of development, including cognitive
disabilities, language impairment, seizure disorder, sensory
(ie, auditory or visual) loss, musculoskeletal abnormalities,
or behavioral difficulties.11,12 Children with myelodysplasias
or neuromuscular disorders are excluded from REPACQ.
Objective evidence of neuromotor impairment, as mani-
fested by abnormal muscle tone, strength, posture, reflexes,
and/or motor skills, must be confirmed on physical examina-
tion by a pediatric neurologist, developmental pediatrician,
or pediatric physiatrist. Further details on case identification,
enrollment, and data collection methods are available else-
where.13,14

For the purposes of this study, neuroimaging data were
extracted for children with CP enrolled into REPACQ
between 1999 and 2002 inclusively. At this time, case ascer-
tainment is complete only for this birth cohort. Neuroimag-
ing studies for all patients with CP in REPACQ are
interpreted by university-based pediatric neuroradiologists
and have been classified into 10 mutually exclusive cate-
gories: periventricular leukomalacia/white matter injury,
cerebral malformation, cerebral vascular accident, deep
gray matter injury, superficial gray matter injury, diffuse
gray matter injury (both deep and superficial), intracranial
hemorrhage, infection, nonspecific findings, and normal.
Nonspecific findings reflect unclassifiable, and presumably
nonpathological, changes on imaging, such as delayed myeli-
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nation, widened Virchow-Robin spaces, and nonspecific ven-
tricular enlargement. Further detailed definitions of these
subcategories have been summarized previously.6

For the purposes of this study, only children who had un-
dergonemagnetic resonance imaging (MRI) were included in
the analysis (n = 126 patients). Patients with only computed
tomography (CT) findings were excluded (n = 87 patients).
The 10 neuroimaging categories were split into 2 main
groups: those with normal-appearing MRI (including both
normal and nonspecific findings) and those with abnormal
MRI (the other 8 categories). A comprehensive statistical
comparison of various predictor variables in these 2 groups
was then performed. Specifically, various clinical factors,
including antepartum, intrapartum, postpartum, CP sub-
type, CP severity (as defined by the Gross Motor Functional
Classification System [GMFCS]), and identified comorbid
outcomes, were compared in an attempt to identify variables
that can differentiate CP patients with normal-appearing
MRI from those with abnormal MRI.
SPSS version 17 (IBM, Armonk, New York) was used for

both database entry and statistical analysis. Simple descrip-
tive statistics were used throughout. Possible statistical asso-
ciations between categorical variables were evaluated using
Pearson c2 analysis. The Fisher exact test was used when
expected values were <5. When statistical significance was
attained (P value #.05), regression and correlation analysis
was performed.
Results

Between 1999 and 2002, a total of 301 patients with CP were
enrolled into the population-based REPACQ. Of these, 213
patients (71%) had undergone either a CT or MRI imaging
study as part of their investigative workup. Only those pa-
tients who were evaluated with MRI (126 of 213; 60%)
were incorporated into this study cohort and included for
further analysis. Within this cohort, the majority of patients
had abnormalMRI findings (71%; 90 of 126), and 29% (36 of
126) had normal or nonspecific MRI findings. The latter,
termed the group with normal-appearing MRI, comprised
14 patients (11.5%) with normal imaging findings and 22
patients (17.5%) with nonspecific findings.
There was a slight, nonsignificant (P > .05) preponderance

of males in the abnormal MRI group (51 males and 39
females; 1.3:1) compared with the normal-appearing MRI
group (17 males and 19 females; 1:1.1). Otherwise, there
were no significant differences (P > .05) between the 2 groups
with respect to the mean age of enrollment into REPACQ
(normal-appearing, 44 � 12.4 months vs abnormal,
43 � 14.3 months) or in terms of the mean age at which
MRI was done (16.9 � 12.5 months vs 14.4 � 12.5 months).
Distribution of neuroimaging findings across CP subtypes

revealed a higher prevalence of normal-appearing MRI find-
ings in patients with dyskinetic CP variants (72.7%; 8 of 11),
followed by ataxic/hypotonic (42.9%; 3 of 7), spastic diplegic
(40.9%; 9 of 22), spastic double-hemiplegic/quadriplegic
Benini, Dagenais, and Shevell
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(27.3%; 12 of 44), and spastic hemiplegic variants (10%; 4 of
40). In essence, normal-appearing MRI was more prevalent
(P = .001) in children with dyskinetic CP (72.7%; 8 of 11)
compared with all other CP variants combined (24.4%; 28
of 115). In contrast, normal-appearing MRI findings were
less likely (P = .002) in children with spastic hemiplegic CP
(10%; 4 of 40) compared with all other CP variants combined
(37.2%; 32 of 86).

To identify any predictor variables that could distinguish
CP patients with normal-appearing MRI from those with
abnormal MRI, we statistically compared various clinical fac-
Table I. Clinical factors in patients with CP with abnormal MR

Clinical factor Abnormal MRI (n

Previous obstetric history, n (%)
Stillbirths at >22 weeks’ gestation 2 (66.7)
Abortions, n (%) 16 (64.0)
Miscarriages, n (%) 21 (65.6)
Infertility treatments, n (%) 7 (77.8)
Preterm-born children, n (%) 31 (77.5)

Pregnancy history
Maternal age, years, mean � SD 29.3 � 5.3
Twin pregnancy, n (%) 6 (100)
Bleeding in first trimester, n (%) 16 (76.2)
Bleeding in second trimester, n (%) 5 (55.6)
Bleeding in third trimester, n (%) 5 (100)
Accident during pregnancy, n (%) 14 (73.7)
Alcohol use, n (%) 28 (65.1)
Tobacco use, n (%) 17 (68.0)
Illicit drug use, n (%) 4 (100)
Prescription drug use, n (%) 41 (74.5)
Hypertension, n (%) 16 (80.0)
Diabetes mellitus, n (%) 11 (78.6)
Preeclampsia, n (%) 7 (63.6)
Chorioamniotis, n (%) 10 (90.9)
TORCH, n (%) 8 (72.7)
GBS, n (%) 5 (62.5)
HIV infection, n (%) 0
Parvovirus infection, n (%) 1 (50)

Labor and delivery history, n (%)
Premature rupture of membranes 10 (71.4)
Vaginal delivery 60 (69.0)
Cesarean section 30 (76.9)
Resuscitation at birth 28 (82.4)

Neonatal history
Sex, n (%) Males, 51 (75.0); female
Family history of CP, n (%) 3 (75.0)
Gestational age, weeks, mean � SD 36.6 � 4.4
Gestational age category, n (%)

>37 weeks 61 (69.3)
32-36 weeks 15 (75.0)
27-31 weeks 10 (71.4)
<27 weeks 4 (100)
Preterm (<37 weeks) 29 (76.3)
Extreme preterm (<27 weeks) 4 (100)

Head circumference at birth, cm, mean � SD 33.0 � 3.7
Birth weight, g, mean � SD 2760 � 869
Low Apgar score at 1 minute, mean � SD 6.7 � 2.8
Low Apgar score at 5 minutes, mean � SD 8.0 � 2.4
Low Apgar score at 10 minutes, mean � SD 7.9 � 2.7
Cord pH, mean � SD 7.24 � 5.3 0.1
Bicarbonate, mmol/L, mean � SD 22.2 � 4.5
Neonatal encephalopathy, n (%) 29 (82.9)
Convulsions in the first 24 hours, n (%) 18 (85.7)
Convulsions in the first 72 hours, n (%) 13 (81.3)
Icterus, n (%) 34 (79.1)

GBS, group B Streptococcus; TORCH; toxoplasmosis, other (syphilis, varicella-zoster, parvovirus B1
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tors in the 2 groups. Although we found a tendency toward
a lower prevalence of the various antepartum, peripartum,
and postpartum risk factors in the normal-appearing MRI
group, no differences in these clinical features reached the
level of statistical significance despite multiple comparisons
(Table I).
The distribution of neuroimaging findings across the spec-

trum of CP severity illustrates that children with CP can pres-
ent with either normal-appearing or abnormal MRI findings
irrespective of their GMFCS level (Figure). In this study
cohort, the highest prevalence of normal-appearing MRI
I findings and those with normal-appearing MRI findings

= 90) Normal-appearing MRI (n = 36) P value

1 (33.3) .85
9 (36.0) .36
11 (34.4) .35
2 (22.2) .66
9 (22.5) .30

28.6 � 5.5 .50
0 (0) .12
5 (23.8) .60
4 (44.4) .27
0 (0) .15
5 (26.3) .80
15 (34.9) .26
8 (32.0) .67
0 (0) .20
14 (25.5) .46
4 (20.0) .35
3 (21.4) .53
4 (36.4) .31
1 (9.1) .33
3 (27.3) .91
3 (37.5) .73
0 —

1 (50) .48

4 (28.6) .96
27 (31.0) .40
9 (23.1) .39
6 (17.6) .22

s, 39 (67.2) Males, 17 (25.0); females, 19 (32.8) .34
1 (25.0) .79

37.5 � 3.8 .31

27 (30.7)
5 (25.0)
4 (28.6)
0 (0)
9 (23.7) .42
0 (0) .20

32.9 � 3.0 .88
3045 � 852 .10
7.03 � 2.3 .51
8.33 � 2.0 .49
8.8 � 1.8 .18

6 7.28 � 0.09 .17
22.3 � 4.8 .93
6 (17.1) .09
3 (14.3) .13
3 (18.8) .49
9 (20.9) .05

9), rubella, cytopmegalovirus, herpes simplex.
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was observed in children with GMFCS IV (50%; 7 of 14).
Furthermore, when patients were dichotomized into
ambulatory (GMFCS I-III) versus nonambulatory
stratifications (GMFCS IV-V), 42% (15 of 36) of children
with normal-appearing MRI exhibited a high degree of
functional disability (GMFCS IV-V), compared with 33%
(30 of 90) of those with abnormal MRI (Figure).

Finally, comparison of the prevalence of various comorbid
clinical outcomes in the normal-appearing MRI and abnor-
mal MRI groups revealed a trend toward a higher prevalence
of comorbidities in the abnormal MRI group (Table II). The
normal-appearing MRI group had a significantly lower
number of combined comorbidities (P = .04), however.

To ensure that the foregoing findings were not related
solely to the effect of combining patients with normal and
nonspecific MRI findings, we reanalyzed the data comparing
patients with normal-appearing MRI (n = 14) and those with
nonspecific MRI findings (n = 22). There were no statistically
significant differences (P > .05) between the 2 groups in any
of the clinical factors examined (ie, distribution of CP sub-
type, antepartum/peripartum/postpartum risk factors, CP
severity, comorbidities), suggesting that these patients are
in fact homogenous and justifying their grouping into a single
cohort for the purpose of this study (data not shown).

Discussion

Extracting neuroimaging data from a population-based reg-
istry, we found that 11% of children with CP had normal
MRI findings and up to 29% had normal or nonspecific find-
ings. These proportions are consistent with previous reports
of normal MRI findings in up to 32% of patients with CP.3

Although other studies have established that normal MRI
findings are more prevalent in extremely premature and
less severely affected children,7 we were unable to replicate
this finding, perhaps because extremely premature infants
Figure. Distribution of CP severity in patients with normal-appea
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were underrepresented in our cohort. Furthermore, although
there was a higher prevalence of various extrinsic risk factors
in children with abnormal MRI findings, none of these clin-
ical features reached the level of statistical significance. Our
failure to demonstrate a difference might have been related
to our small sample size. Nevertheless, we did not identify
any clinical variables that distinguish patients with normal-
appearing MRI from those with documented structural ab-
normalities.
Several theories can be proposed to explain these findings,

including variability in the expertise of the reporting radiol-
ogist. A recent study evaluating the accuracy of neuroimaging
reports in patients with CP demonstrated that up to 60% of
brain MRIs that were initially reported as “normal” at local
institutions were in fact abnormal on review by an experi-
enced neuroradiologist.15 This finding underscores the
importance of MRI review and interpretation by neuroradi-
ologists with specific expertise in this domain to obtain the
maximum benefit. Although this factor must be considered,
it did not likely contribute to our findings, given that all MRIs
for our cohort were assessed and interpreted by pediatric
neuroradiologists at university-based hospitals.
The absence of structural abnormalities in a subset of

patients with CP, both in our cohort and in the literature,
can possibly be explained by the sensitivity of the imaging
modality used. MRI is known to be more sensitive than
CT. Neuroimaging studies in patients with CP have demon-
strated a higher prevalence of abnormalities when MRI was
used as the imaging modality compared with CT (mean,
89%; range, 68%-100% vs mean, 77%; range, 62%-93%).3

To reduce bias introduced by the sensitivity of the imaging
technique, we included only patients with MRI findings
in this study. Nevertheless, it must be noted that all subjects
underwent a 1.5-T MRI as part of their workup and that this
was performed between 1999 and 2002. Given the extensive
progress over the past decade in the resolution of
ring MRI findings and abnormal MRI findings.

Benini, Dagenais, and Shevell



Table II. Clinical outcomes in patients with CP with
abnormal MRI findings and those with normal MRI
findings

Outcome
Abnormal

MRI
Normal
MRI

P
value

Learning difficulties, n (%) 11 (68.8) 5 (31.3) .72
Cognitive impairment, n (%) 24 (60) 16 (40) .10
Visual impairment, n (%) 47 (75.8) 15 (24.2) .18
Auditory impairment, n (%) 13 (68.4) 6 (31.6) .95
Communication difficulties, n (%) 62 (68.9) 28 (31.1) .37
Gavage feeding, n (%) 11 (78.6) 3 (21.4) .66
Seizures in the previous 12 months, n (%) 19 (76) 6 (24) .57

February 2013 ORIGINAL ARTICLES
neuroimaging modalities and the establishment of different
acquisition sequences, the possibility that the imaging proce-
dures used during the study period were not sufficiently so-
phisticated to detect subtle structural abnormalities must
be considered as a possible limitation.

The question remains as to whether more refined imaging
techniques, such as 3-T MRI or diffusion tensor imaging
(DTI), are needed to further evaluate patients with CP and
normal-appearing findings on initial MRI. DTI is a relatively
new technique used to selectively evaluate the maturation
and integrity of white matter tracts.16 Recent studies using
tractography to evaluate white matter injury have demon-
strated lower DTI parameters in the corticospinal and sen-
sory pathways of patients with CP compared with controls,
as well as a significant correlation of these parameters with se-
verity of CP.17,18 Interestingly, using DTI, those authors have
also demonstrated more diffuse changes in patients with
athetoid CP compared with those with spastic CP.19 Consid-
ering that the majority of patients with dyskinetic CP in our
cohort had normal MRI findings, this finding raises the inter-
esting possibility that conventional MRI sequences might not
be as sensitive as DTI in identifying the widespread abnor-
malities seen in this CP subtype.

Alternatively, the absence of structural changes in a subset
of patients with CP might indicate that the pathological sub-
strate in this important neurologic disorder may not be
grossly anatomic in every case. Insults to the developing
brain may result in functional changes at the level of neuro-
nal network connectivity or even neurochemical signaling.
Thus, although the aforementioned imaging techniques are
useful in identifying and classifying structural changes seen
in the majority of patients with CP, functional imaging mo-
dalities may provide insight into how alterations in brain
connectivity and plasticity contribute to the impairments
observed when no structural abnormalities are evident.20

Through simple passive stimulation, a number of studies
have already used functional MRI to demonstrate alterations
in the activation and function of various brain structures,
including the visual system, in infants with acquired brain
injury.21 Understanding how these functional changes con-
tribute to the motor and extramotor manifestations of
CP may help guide early and targeted rehabilitation, which
has been shown to alter neurologic outcomes in these
patients.22,23
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Known genetic causes of CP are uncommon and estimated
to represent <4% of cases, although their true incidence
remains unknown in the absence of prospective studies.3 Re-
gardless, their contribution to the pathophysiology of CP
cannot be ignored.24 Various studies have identified specific
genetic markers that can infer susceptibility to brain injury in
the developing human and consequently lead to CP. These
genetic factors are typically involved in coagulation disor-
ders, inflammatory processes, cerebral dysgenesis, or predis-
position to prematurity.24 In addition, linkage studies have
identified loci related to specific hereditary CP subtypes,
such as 9p12-q12 in hereditary ataxic CP (where the only
abnormality seen onMRI was mild hypoplasia of the cerebel-
lum)25 and 2q24-25 in autosomal recessive spastic CP.26

Genetic conditions, such as Rett syndrome, Angelman syn-
drome, and hereditary spastic paraplegia, and neurometa-
bolic disorders, such as congenital lactic acidemias and
urea cycle defects, can masquerade as CP andmust be consid-
ered in the absence of an obvious structural etiology.24 In our
cohort of patients with normal/nonspecific MRI findings, the
prevalence of genetic causes could not be ascertained, because
no systematic genetic investigations were carried out at the
local institutions from which they had been referred.
According to current practice guidelines, routine metabolic
and genetic screening is not recommended as part of the
diagnostic workup of CP. However, in the absence of struc-
tural abnormalities, targeted genetic and metabolic testing
maymerit further exploration and perhaps should be empha-
sized, given the substantial implications for genetic counsel-
ing and anticipated recurrent risks with future pregnancies.
In conclusion, a nonnegligible proportion of patients with

CP have normal-appearing neuroimaging findings and no
obvious clinical features to set them apart from those with
abnormal imaging findings. Refined structural and func-
tional imaging techniques are needed to elucidate the patho-
physiology underlying the neurologic deficits in this
interesting subgroup of patients with CP. Furthermore, the
possibility of aggressive screening for genetic and metabolic
disorders needs to be addressed in these patients, specifically
because they have different clinical implications. n
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ielle Boucher, MD, Quebec City, Institut de r�eadaptation en
d�eficience physique du Qu�ebec (IRDPQ); Claude Desjardins,
MD, Hull, Centre de r�eadaptation la resourse; Jos�ee Fortier,
MD, Trois-Rivi�ere, Centre de r�eadaptation l’Interval; Louise
Koclas, MD, Montreal, Centre de r�eadaptation Marie-Enfant
du CHU Sainte Justine; C�eline Lamarre, MD, Montreal, Cen-
tre de r�eadaptation Marie-Enfant du CHU Sainte Justine;
Francine Malouin, PT, PhD, Quebec City, IRDPQ; Jean Ma-
thieu, MD, MSc, Chicoutimi, Centre de r�eadaptation en
d�eficience physique de Jonqui�ere; Diane Munz, MD, Mon-
treal, Centre MAB-Mackay; Nicole Pigeon, MD, Sherbrooke,
Centre de r�eadaptation de l’Estrie; and Carol L. Richards, PT,
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