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IMPORTANCE Cerebral palsy describes the most common physical disability in childhood and
occurs in 1 in 500 live births. Historically, the diagnosis has been made between age 12 and 24
months but now can be made before 6 months’ corrected age.

OBJECTIVES To systematically review best available evidence for early, accurate diagnosis of
cerebral palsy and to summarize best available evidence about cerebral palsy–specific early
intervention that should follow early diagnosis to optimize neuroplasticity and function.

EVIDENCE REVIEW This study systematically searched the literature about early diagnosis of
cerebral palsy in MEDLINE (1956-2016), EMBASE (1980-2016), CINAHL (1983-2016), and the
Cochrane Library (1988-2016) and by hand searching. Search terms included cerebral palsy,
diagnosis, detection, prediction, identification, predictive validity, accuracy, sensitivity, and
specificity. The study included systematic reviews with or without meta-analyses, criteria of
diagnostic accuracy, and evidence-based clinical guidelines. Findings are reported according
to the PRISMA statement, and recommendations are reported according to the Appraisal of
Guidelines, Research and Evaluation (AGREE) II instrument.

FINDINGS Six systematic reviews and 2 evidence-based clinical guidelines met inclusion
criteria. All included articles had high methodological Quality Assessment of Diagnostic
Accuracy Studies (QUADAS) ratings. In infants, clinical signs and symptoms of cerebral palsy
emerge and evolve before age 2 years; therefore, a combination of standardized tools should
be used to predict risk in conjunction with clinical history. Before 5 months’ corrected age, the
most predictive tools for detecting risk are term-age magnetic resonance imaging (86%-89%
sensitivity), the Prechtl Qualitative Assessment of General Movements (98% sensitivity), and
the Hammersmith Infant Neurological Examination (90% sensitivity). After 5 months’
corrected age, the most predictive tools for detecting risk are magnetic resonance imaging
(86%-89% sensitivity) (where safe and feasible), the Hammersmith Infant Neurological
Examination (90% sensitivity), and the Developmental Assessment of Young Children (83%
C index). Topography and severity of cerebral palsy are more difficult to ascertain in infancy,
and magnetic resonance imaging and the Hammersmith Infant Neurological Examination may
be helpful in assisting clinical decisions. In high-income countries, 2 in 3 individuals with
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A ccording to a 2007 report, “Cerebral palsy is a group of per-
manent disorders of the development of movement and
posture, causing activity limitation, that are attributed to

non-progressive disturbances that occurred in the developing fe-
tal or infant brain.”1(p9) Cerebral palsy is a clinical diagnosis based on
a combination of clinical and neurological signs. Diagnosis typically
occurs between age 12 and 24 months.2-4 The following 4 motor
types exist but may emerge and change during the first 2 years of
life: (1) spasticity (85%-91%); (2) dyskinesia (4%-7%), including dys-
tonia and athetosis; (3) ataxia (4%-6%); and (4) hypotonia (2%),
which is not classified in all countries.2 Dyskinesia, ataxia, and hy-
potonia usually affect all 4 limbs, whereas spasticity is categorized
topographically as (1) unilateral (hemiplegia) (38%) and (2) bilat-
eral, including diplegia (lower limbs affected more than upper limbs)

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.1689&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.1689
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.1689&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.1689
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.1689&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.1689
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.1689


cerebral palsy or “high risk of cerebral palsy” can be accurately pre-
dicted before age 6 months’ corrected age.
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Table 1. Early Detection and Diagnosis Recommendations FromBest Available Evidence

Recommendations Strength of Recommendations and Quality of Evidence

1.0 The clinical diagnosis of CP can and should be made as early as possible so that:
• The infant can receive diagnostic-specific early intervention and surveillance to optimize
neuroplasticity and prevent complications
• The parents can receive psychological and financial support (when available)

Strong recommendation based on moderate-quality
evidence for infant and parent outcomes

1.1 When the clinical diagnosis is suspected but cannot be made with certainty, the interim clinical
diagnosis of high risk of CP should be given so that:
• The infant can receive diagnostic-specific early intervention and surveillance to optimize
neuroplasticity and prevent complications
• The parents can receive psychological and financial support (when available)
• Ongoing diagnostic monitoring can be provided until a diagnosis is reached

Strong recommendation based on moderate-quality
evidence for infant and parent outcomes

2.0 Early standardized assessments and investigations for early detection of CP should always be
conducted in populations with newborn-detectable risks (ie, infants born preterm, infants with
neonatal encephalopathy, infants with birth defects, and infants admitted to the NICU)

Strong recommendation based on high-quality evidence
of test psychometrics

Early Detection of CP Before 5 mo CA

3.0 Option A: The most accurate method for early detection of CP in infants with newborn-detectable
risks and younger than 5 mo (CA) is to use a combination of a standardized motor assessment and
neuroimaging and history taking about risk factors

Strong recommendation based on high-quality evidence
of test psychometrics in newborn-detectable risk
populations

Standardized motor assessment
3.1 Test: GMs to identify motor dysfunction (95%-98% predictive of CP), combined with
neuroimaging

Strong recommendation based on high-quality evidence
of test psychometrics in newborn-detectable risk
populations

Neuroimaging
3.2 Test: MRI (before sedation is required for neuroimaging) to detect abnormal neuroanatomy in
the motor areas of the brain (80%-90% predictive of CP). Note that normal neuroimaging does not
automatically preclude the diagnosis of risk of CP

Strong recommendation based on high-quality evidence
of test psychometrics in newborn-detectable risk
populations

4.0 Option B: In contexts where the GMs assessment is not available or MRI is not safe or affordable
(eg, in countries of low to middle income), early detection of CP in infants with newborn-detectable
risks and younger than 5 mo (CA) is still possible and should be carried out to enable access to early
intervention

Strong recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Standardized neurological assessment
4.1 Test: HINE (scores <57 at 3 mo are 96% predictive of CP)

Strong recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Standardized motor assessment
4.2 Test: TIMP

Conditional recommendation based on low-quality
evidence of test psychometrics in at-risk populations

Early Detection of CP After 5 mo CA

Accurate early detection of CP in those with infant-discernible risks and age 5-24 mo can and should still occur as soon as possible, but different diagnostic tools
are required

5.0 Any infant with:
(a) Inability to sit independently by age 9 mo, or
(b) Hand function asymmetry, or
(c) Inability to take weight through the plantar surface (heel and forefoot) of the feet should receive
standardized investigations for CP

Strong recommendation based on high-quality evidence
of motor norms

6.0 Option A: The most accurate method for early detection of CP in those with infant detectable
risks older than 5 mo (corrected for prematurity) but younger than 2 y is to use a combination of a
standardized neurological assessment, neuroimaging, and a standardized motor assessment with a
history taking about risk factors

Conditional recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Standardized neurological assessment
6.1 Test: HINE (90% predictive of CP). Those with HINE scores >73 (at 6, 9, or 12 mo) should be
considered at high risk of CP. HINE scores <40 (at 6, 9, or 12 mo) almost always indicate CP,
combined with neuroimaging and standardized motor assessments

Conditional recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Neuroimaging
6.2 Test: MRI to detect abnormal neuroanatomy in the motor areas of the brain (sedation may be
required from >6 wk up to age 2 y). Well-defined lesions can be seen early, but subtle white matter
lesions may be difficult to detect owing to rapid growth, myelination, and activity-dependent
plasticity. Repeated MRI scans are recommended at age 2 y for infants with initially normal findings
on MRI (at 12-18 mo) but persistent motor or neurological abnormality, combined with standardized
motor assessments

Conditional recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Standardized motor assessment
6.3 Test: DAYRfor infantp15.15.9(with)-5.9(r)9.7(self-rep5.9()9.7e.9(ag)]TJ
5.9(activi)-9ntify)-215.9(taking-215.9(assessdel5.9(be)-21(89.9(predictiv)9.7(e)-215.9(o)0(f)-215.9(CP).)-215*
[(risk)-Adal)-215.9(recommments)]TJ
42(can)-215.9(be)-21imp(w)dence)-215.9(o)0(f)-21angns
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of all infants younger than 2 years have their Gross Motor Function
Classification System (GMFCS) reclassified, (2) little natural history
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posturing in response to voluntary movement). Wherever pos-
sible, differentiate between unilateral vs bilateral cerebral palsy early
because treatments differ.5,38
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negatives.22 Experienced clinicians acknowledge that, because all
infants have an expanding and changing voluntary motor reper-
toire, determining whether their current motor dysfunction is per-
manent and causing long-term activity limitations, as per the inter-
national definition,1 is difficult. False negatives can occur for the
following reasons: (1) there is a latency between the initial brain le-
sion and the later onset of clinical neurological signs (eg, exagger-
ated spasticity or dystonia from voluntary movement25), (2) ap-
proximately 10% have normal neuroimaging,27 (3) half have a
seemingly uneventful pregnancy and birth,31 and (4) one-third have
the mildest form (GMFCS I)2,32 and may initially achieve all of their
motor milestones on time, offering false reassurance about their mo-
tor development. False positives can also occur because prematu-
rity, stroke, and encephalopathy do not always result in long-term
motor disabilities.25,31 Australian cerebral palsy population register
data indicate that less than 5% of registrations are false-positive
diagnoses.2 In almost all of these instances, the infant was rediag-
nosed as having another neurological disability (eg, intellectual dis-
ability or autism), not a normal developmental outcome.11

Eighty-six percent of parents of a child with cerebral palsy sus-
pect it before the clinical diagnosis is made.39 Population data indi-
cate that seeking to avoid false-positive results by delaying diagno-
sis is harmful to parent and caregiver well-being.39 Parents and

caregivers dissatisfied with a prolonged diagnostic process are more
likely to experience depression39 and lasting anger.40 Parents and
caregivers acknowledge that, while receiving the diagnosis is al-
ways difficult, they prefer to know earlier rather than later so that
they can assist in their infant’s development.39 Early detection is im-
portant for the whole family unit because it helps foster acceptance41

and leads to increased confidence in the infant’s medical team.39

Early detection allows improved access to early intervention and ef-
ficient use of resources.

Advances in Treatment: Cerebral Palsy–Specific
Early Intervention Improves Outcomes
Neuroscience evidence indicates that brain development and refine-
ment of the motor system continue postnatally, driven by motor cor-
tex activity.42,43 Early active movement and intervention are essential
because infants who do not actively use their motor cortex risk losing
cortical connections and dedicated function.42,43 Furthermore, there
is increasing evidence that the infant’s motor behavior, via discovery
and interaction with the environment, controls and generates the
growthanddevelopmentofmuscle, ligament,andbone,aswellasdriv-
ing ongoing development of the neuromotor system.44-48

Table 2. Clinical Signs IndicatingMotor Type and Topography in Infants

Unilateral Spastic Hemiplegia Bilateral Spastic Diplegia Bilateral Spastic Quadriplegia Dyskinesia Ataxia
GMs34

• Poor repertoire or cramped
synchronized GMs, followed by
absent fidgety movements plus an
asymmetry in segmental
movements (eg, wrist or hand).
Note that some cases of hemiplegic
CP may be missed by GMs

• Cramped synchronized
GMs, followed by absent
fidgety movements

• Early onset and long duration
of cramped synchronized GMs,
followed by absent fidgety
movements

• Poor repertoire GMs,
followed by absent fidgety
movements with circular
arm movements and
finger spreading

• Unknown

MRI35,36

• Focal vascular insults (24%)
• Malformations (13%)
• Unilateral hemorrhage (grade IV)
with porencephaly
• Lesions in the parietal white
matter involving the trigone
• Middle cerebral artery stroke with
asymmetry of myelination of the
PLIC

• Bilateral white matter
injury (3123 myelination of the
PLIC
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Therefore, the clinical diagnosis of cerebral palsy or high risk of ce-
rebral palsy should always be followed by a referral for the infant to re-
ceive cerebral palsy–specific intervention and for the parents or care-
givers to receive emotional support. Family concern is a valid reason
to trigger formal diagnostic investigations and intervention referrals.

Cerebral palsy–specific early intervention maximizes
neuroplasticity42,43 and minimizes deleterious modifications to
muscle and bone growth and development.44 Before commencing
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Aural
For hearing, standard early hearing accommodations are
recommended.5

Interventions to Promote Parent or Caregiver Coping
andMental Health
Parental education in behavior management is recommended. An
example is the Positive Parenting Program (Triple P).66

Parent-child attachment interventions are also helpful. Kanga-
roo Mother Care67 and music therapy68 are examples.

Finally, parent or caregiver mental health interventions69,70 are
suggested. One such intervention is Acceptance and Commitment
Therapy (ACT).66

Discussion
Clinical Bottom Line
Infants with cerebral palsy require an early diagnosis because mo-
tor and cognitive gains are greater from diagnostic-specific early in-
tervention.

An interim diagnosis of high risk of cerebral palsy should be used
if a diagnosis of cerebral palsy cannot yet be used with certainty.

Clinical signs emerge and evolve before age 2 years. Therefore,
a combination of standardized tools should be used to predict risk.

Before 5 months’ corrected age, MRI, GMs, or the HINE are most
predictive of risk for cerebral palsy.

After 5 months’ corrected age, MRI and the HINE are most pre-
dictive of risk for cerebral palsy.

In countries of low to middle income where MRI is not avail-
able, the HINE is recommended.

Topography and severity of cerebral palsy are important to es-
tablish for clinical purposes. Magnetic resonance imaging and the
HINE provide guidance.

False positives occur less than 5% of the time with standard-
ized tools.

False negatives resulting in late diagnoses and late interven-
tion are detrimental to parents, caregivers, and infants.

Limitations
This review article has some limitations. First, our literature
search revealed that almost all studies focus on identifying cere-

bral palsy in infants with newborn discernible risks (eg, prematu-
rity and encephalopathy) because these infants are more often in
newborn follow-up. Little has been published about early diagno-
sis in the 50% of all cerebral palsy cases that are discernible later
in infancy after a seemingly uneventful pregnancy and birth
because these samples are difficult to assemble. Advances in
genetics and understanding of congenital anomalies may provide
more clues about how to identify these children earlier. Second,
no study to date has investigated the combined predictive power
of 3 or more of the individual tools identified in this review article
and represents a gap in the literature. Third, we have not
reviewed or discussed the literature about evidence-based test-
ing for other childhood disabilities on the differential diagnosis
list. Fourth, we have not provided a systematic description of the
early intervention evidence. More information on assessment
tools and early intervention is contained in a related but separate
clinical guideline that is being developed from systematic review
data.

Conclusions
Cerebral palsy or high risk of cerebral palsy can be diagnosed
accurately and early using clinical reasoning and a combination of
standardized tools. High-quality evidence indicates that, for
infants with newborn-detectable risks before 5 months’ corrected
age, the GMs assessment plus neonatal MRI is more than 95%
accurate and is thus recommended. For infants with infant
detectable risks after 5 months’ corrected age, the HINE plus neo-
natal MRI is more than 90% accurate and is therefore recom-
mended. The accuracy of these diagnostic methods in infants
with later infancy discernible risks for cerebral palsy is not yet
known, but they are conditionally recommended. Accurate early
diagnosis is possible even when assessments of GMs are not avail-
able or MRI is not safe or affordable (eg, in countries of low to
middle income) by using the HINE, which detects cerebral palsy
with more than 90% accuracy and provides objective informa-
tion about severity. Early detection of high risk of cerebral palsy,
followed by cerebral palsy–specific early intervention, is recom-
mended and should be the standard of care to optimize infant
neuroplasticity, prevent complications, and enhance parent and
caregiver well-being.
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