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Structure of workshop

• QLD and International implementation (>800 
clinicians)

• Implementation in a statewide early diagnosis clinic

• Update on the current evidence

• New directions and clinical utility of the HINE

• Interactive case studies 

• Panel discussion



Let’s get to know each other!



International Clinical 

   Guideline for Early Detection 

   of High Risk of Cerebral Palsy

JAMA Paediatrics  Novak et al. 



Novak et al, 2017



HINE Train-the-Trainer
AU/NZ HINE Training Network

In 2017 Professor Leena Haataja trained 

19 clinicians to facilitate HINE workshops 

across Australia and NZ



AU/NZ HINE  Training Network
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Kate Langdon
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Anna Mackay
Sian Williams

NSW:
Cathy Morgan
Iona Novak 
Cathryn Crowle
Michelle Juarez

Victoria: 
Alicia Spittle, Abbey 
Eeles, Catherine Hough, 
Catherine Clancy

Queensland: 
Jo George, Rachel Thomas, Carly Luke, 
Kym Morris, Bernadette Shannon 

South Australia:
Felicity Baker
Kirstie Morgan



The Aim of the HINE

Predictive accuracy for 
Cerebral Palsy 

Sensitivity = 90%
Specificity = 90%

Bosanquet et al. 2013 DMCN

Romeo et al. 2016 DMCN

• Differentiates between infants with mild 

and severe neurological disorders and 

typically developing infants

• Provides information about an infant’s 

movement and learning

• Validated for infants aged 2-24m CA

• Takes 15-20 mins to complete

• Good interobserver reliability 



Age-specific cut-off scores for prediction of:

• Cerebral Palsy

• Including functional ability (GMFCS)

• Significant cognitive delay

• Gross motor function

5 sub-sections

Global score out of 78



Integration of Guidelines 
into 

Clinical Practice...



QPRS Initial Physical Assessment Clinic (iPAC):

• 90 mins appointment

• Listen++

• Functional and objective assessments as indicated 

• Essential equipment loan (e.g. seating)

• Provision of splints / first pair of orthoses 

MDT: Paediatrician, OT, PT, SW, SLP

• Infant-specific diagnostic information & resources

• Assessment findings – feedback to caregivers and external stakeholders

• Report - recommendations to inform NDIS, future planning, AT, intervention 

• Access to health, disability and community services (e.g. ECEI/NDIS, ECDP, Vision Australia)

Education

• Build caregiver confidence in navigating health and community supports/services

• Caregiver supports i.e. advocacy groups, Connected Care, nurse liaison, support coordinator

• Referral (e.g. MRI, Hip Surveillance, Opthalmology)

• Links (e.g. Infant Team, QEDIN-CP, CP Register)

• Referral to internal QPRS services (e.g. LAUNCH/ORBIT, CP&Related Conditions clinic)

Connect



Integration into Clinical Practice 

Up-Skilling

• GMA

• QCH/QEDIN 
consensus 
group 

• HINE 'Train the 
Trainer'

• HINE training

• AIMS

Integration 

• Referral 
flowchart

• Feedback 
process

• IeMR templates 
(HINE)

• 'At high risk CP' 
diagnostic 
letter template 
(ECEI)

Quality Assurance 

• SERTA Grant

• PREMs

• Consumer-
informed 
resource 
development



Referral Flow for infants identified ‘at risk of cerebral palsy’- Queensland Children’s Hospital

District hospitals Rural and remoteRBWH

Medical 
Specialist happy 

to feedback 
results to family 

/ diagnose ‘at 
high risk of’ / 

CP?

Identified ‘at 
high risk’ of CP?

 * see below

Access to 
assessors 
trained in 

GM’s & HINE?

* • Abnormal MRI
• Abnormal GM’s
• Below Optimum 

cut-off point on 
HINE

• AIMS / DayC

QPRS IPAC

Refer to CDS or 
private therapist if 
developmental 
monitoring/input 
required

Private
Allied Health (if 

trained)

Local CDS
 - see eligibility 
criteria overleaf

Infant 
Team

CNLD 
Clinic

MMH 

MDT 
Developmental 

Clinic 
G&D Clinic 

Infant follow-up 
clinic/s

Private hospitalsQCH

QEDIN-CP
- If access to 

‘BabyMoves’ App 
or 2nd opinion  

required 
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QCH
- IPAC or
- GM’s Group if 

2nd opinion 
required
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Community / Private / 
NDIS therapists

Register NDIS

- ECEI

Refer to QPRS PAC

- Prior to 2nd birthday if hip 

surveillance and/or tone 

management required

Refer to QEDIN-CP 

-  If infant <2yrs old

-  If family interested in 

research opportunities

CP Register
- If confirmed diagnosis of 

CP
- Complete ‘First Contact’ 

slip & send to register

Offer Resources
- QPRS New Diagnosis 

brochure
- CP Alliance Fact Sheets

+

N

N

Y

Y

QPRS 
IPAC



Parent-reported Experience Measure



Consumer-informed Resources



Version 2



Summary of Evidence

Normative data and 

optimality scores

Cut-off scores and prediction of 

Cerebral Palsy

- Functional abilities (GMFCS)

- Topography (uni vs bilateral)

Cut-off scores and 

prediction of other 

neurodevelopmental 

delay or disability
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Median (range) global scores in low-risk very preterm (≤32 weeks), 

late preterm (33-36 weeks) and term born infants.

Age 3 months 6 months 9 months 12 months

Term infants (n=69) 65.5 (62-69) 69 (64-74) 72.5 (65-78) 74 (65-78)

Late preterm (33-36/40) 

infants (n=71)
62 (57-69) 66 (60-72) 71 (63-75) 73 (64-77)

Very preterm (<32/40) 

infants (n=48)
62 (51-67) 66 (52-71) 70 (57-76) 72 (60-77)

Optimality ranges for preterm compared 
to term-born infants



2016

Prediction of CP



Prediction of CP
78
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70

66
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46

42

38

No 

CP

CP

3m           6m            9m          12m

Age
3 

mths

6 

mths

9 

mths

12 

mths

Cut-off 

point
<57 <60 <63 <66

<40 only found in association 

with severe CP



Functional abilities in CP
Romeo et al 2008 Eur J Ped Neurol; n=70 all CP

<40 40-60

GMFCS level IV-V (+ 

severe diplegia III)

GMFCS level I-II 

(diplegia, hemiplegia)

Note: 

• <40 only seen in severe CP

• 26 % of infants with hemiplegia scored ≥ 67 at 

12 months

• Sequential examinations recommended!



HINE Asymmetry Score: Study 1
Hay et al, Paediatric Neurology, 2018

n=148 infants included:

74 with CP: 35 hemiplegia, 11 
diplegia, 28 quadriplegia

N=74 control

• Compared children with CP with 
GA matched infants with typically 
developing outcome

• Each item scored 

0 = no asymmetry

1= asymmetry present



HINE scores & distribution of CP
HINE global score <63 OR asymmetry 
score >5 was predictive of unilateral CP

(Se=92%, Sp=100%)

Asymmetry scores add to the utility of 
the HINE and may differentiate milder 
forms of CP from other NDD

Limitations of the study

Not clear if >5 asymmetry is overall or 
specific to 1 side

Median age of infant at HINE 
assessment was 10-17m (8-22m), need 
to look at a younger cohort to 
understand predictive value of 
asymmetries for later unilateral CP.

     



HINE Asymmetry Score: Study 2
Pietruszewski et al, Paediatric Physical Therapy, 2021

n=101 infants included

HINE and HAI administered concurrently at 3 
to 12m (av age 7.6m CA)

• 4 or more asymmetries was predictive of 
>3pt difference on HAI (Se=100%, 
Sp=88%)

• Predictive accuracy improved when HINE 
was administered after 4m CA.

Aim: can asymmetry scores on the 
HINE identify infants with a >3 pt 

between hand difference on the 
Hand Assessment of Infants (HAI)     



HINE and non-CP outcomes





Prediction of ‘significant delay’ and/or CP

Romeo et al. 2020 n= 1229, infants born <37 weeks, follow up at 2 years



HINE <9m prediction of motor and cognitive 

outcomes at 2 years
n=148 infants born preterm 

Predictive accuracy of HINE (3-9m) to 
predict development on the GMDS at 
2 years CA

Scores on ‘movements’ at 3, 6 and 
9 months were associated with 
locomotor at 2 years. Association 
strengthened with age

Scores on ‘posture’ at 6 m also 
associated with locomotor.

Cranial nerve function at 6m 
demonstrated correlation with 
development, locomotor, eye-hand 
coordination and hearing and 
language

     



The importance of 

triangulation of assessment 

results



903 preterm infants:

Inclusion: infants with a GA<37 
weeks

Exclusion: presence of genetic 
disorders or congenital 
malformations



441 high risk infants:

3-month HINE, GMs and neuroimaging

HINE accuracy for CP =             
Se=88%, Sp=62%, Accuracy=82.1%

Pooled prediction of GMs+ HINE + 
neuroimaging                                 
Se=97.9%, Sp=99.2%, Accuracy=98.75

     



New and emerging evidence



Brief-HINE

A shortened version of the original HINE

• 11 items – from HINE found to be most 

predictive of CP in low and high-risk infants

• Cut-off scores for 3, 6, 9 and 12 months 

corrected age for high-risk of CP

Scan for

Access to the 

Brief-HINE







Brief-HINE

Age at 

Assessment

Cut-off 

Score

Diagnostic accuracy 

for CP

3 months <22 Se 88%,  Sp 92%

6 months <25 Se 93%,  Sp 87%

9 months <27 Se 95%,  Sp 81%

12 months <27 Se 100%, Sp 86%

Cohort of n=310 infants with 2-year outcomes

n=228 infants with typical development at 2 years

n=82 infants with CP at 2 years



Clinician Scoring Aid

Scan for

Access to the HINE 

Score Interpretation Aid



Scan for full paper – 

Early Human 

Development 

Predictive value of the HINE at 3m 

3 month HINE <60 best predicted 
delays in > 2 Bayley 3 domains 
(Se=84%, Sp=46%)

3 month HINE <60 best predicted 
delays cognitive delays 
(Se=89%, Sp=38%)

Both demonstrated low specificity 
suggesting a high number of false 
positives

Combining the HINE with 3m Bayley 
slightly improved predictive value



Scan for LEAP 

predictive  Outcomes 

paper

Transdiagnostic utility of HINE for 
neurodevelopmental disability or delay



Ab. FM >14wksKey:
MOS-R >14wks
HINE
ASQ-TRAK

[Presentation Title] | [Date]

Diagnostic accuracy of HINE for NDD/CP 
High chance/confirmed NDD/CP

Recommended tool/s and 
cut-off score

Timing Diagnostic accuracy 
% (95% CI)

MOS-R (<23)
14-16 
weeks 

Se= 84% Sp=38%

Accuracy=64% (54-74)

HINE (<sig delay) 4-9 months 
Se=64% Sp=84%

Accuracy=72% (63-80)
Trajectory 
MOS-R (<23) + HINE (<sig delay)

Se=62% Sp=93%

Accuracy=74% (65-82)

Mod – severely reduced HINE 

demonstrated greatest overall 

prediction, correctly classified 72% of 

infants at 12 months

<23 <sig. delay

Combined trajectory of low MOS-R 

and HINE 

Decreased the number of false 

positives, correctly classifying 74% of 

infants at 2 years.

Key Findings



[Presentation Title] | [Date]

High chance of autism & FASD

High chance/confirmed autism (SACS-R)

n= 33

Trajectory → MOS-R<23 + HINE <10th centile

Accuracy= 80% (Se=59%, Sp=95%, PPV=89%)

Odds 18x high than dev. ‘on track’

High chance/confirmed FASD
n= 9

Trajectory → MOS-R<22 + HINE <sig. delay cut-off

Accuracy= 92% (Se=89%, Sp=93% PPV=73%)

Odds 104x high than dev. ‘on track’



HINE <12m prediction of specific-NDD 

HINE total and sub-section scores 4-9 months

Infants ‘on track’ (68.5) scored significantly higher on HINE 
than infants’ high chance of CP (44.8) and autism (59.7) 

Increased odds of high-autism by 22%* 

Increased odds of  by high-autism 78%* 

*compared to developing ‘on track’

HINE 12m scores by outcome 

H
IN

E 

CP

sig. 
delay

CP
n=9

On track
n=46

Neurodevelopmental Outcome

autism
n=30

FASD
n=7



In summary:
• Standardized neurological assessment

– can be used in any populations of children with neurological abnormalities requiring assessment & 
monitoring

• Triangulation of findings is critical when interpreting HINE scores

– Published cut off scores vary between studies & definitions of CP vary across the world. The ranges 
of scores are important to consider as well as the cut-offs

– Consider the asymmetry score >5 coupled with a HINE score <63 for hemiplegia

– a low HINE score in the absence of any other risk factors for CP (eg absent fidgety or 
neuroimaging) is unlikely to be used to give a diagnosis of CP – but may be indicative other non-
CP neurodisability or delay

– A combination of tools over multiple timepoints to gain a developmental trajectory and considering 
clinical history is important when interpreting scores

• Timing is important 
– HINE at 3 months is less predictive of non-CP outcomes than 6 months or later





Abnormal GMA (absent fidgety)

Changes on term Magnetic 
Resonance Imaging

Hammersmith Infant Neurological 
Examination

Diagnosis of high-risk CP and other neurodisability 
or delay: Triangulation of results



Official Website 
https://www.mackeith.co.uk/hammersmith-neurological-

examinations/hammersmith-neurological-examinations  

Subscribe for access

HINE online training 

course

https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations
https://www.mackeith.co.uk/hammersmith-neurological-examinations/hammersmith-neurological-examinations


Case Studies



Novak et al, 2017

12m old referred at 9m by GP with 
concerns re: developmental delay and 
fisting R UL

• Unplanned pregnancy, min AN 
care, attempted home birth, Cat1 
LSCS for foetal distress, maternal 
pre-eclampsia and gestational 
diabetes

• Born 39+2, BW 2.18kg, APGARs 
7&7, resp distress treated with 
CPAP for 1d, D/C D4 from SCN Nil GMs

HINE at 10m at community hospital: 

65/78 with 12 asymmetries on R side

AIMS at 10m: 29 (<5%)

MRI at 10m: chronic Left MCA 
territory infarct with mild-mod volume 
loss throughout remainder of Left 
cerebral hemisphere, deep grey 
nuclei, left midbrain and left superior 
pons

Case 1

• Rolled early, sat independently 10-

11m, unable to crawl, R UL neglect

• Concerns re: reduced mvt R UL>LL



CASE 1:
HINE



 HINE repeated (12m): Total Score 61/78 with 18 asymmetries, all R 

o CNF: 13/15

o Posture: 12.5/18

o Movements: 3/6

o Tone: 22/24

o Reflexes and Reactions: 10.5/15

o Behaviour: 14

= below cut off score for CP at 12 months

AIMS (12m): 

o Prone: 16

o Supine: 9

o Sitting: 7

o Standing: 3

o Total Score: 35  Percentile: <5th%

✓ Clinical history

✓ MRI

X   GMs

✓ Neurological and Developmental assessments

✓ Clinical picture

=consistent with a diagnosis of CP, R hemiplegia



• Confirmed diagnosis of Cerebral Palsy, R unilateral, mixed dystonic/spastic

• GMFCS: II (nb 12m), Mini MACS: III  FMS: C,N,N

• Education and answer questions 

• Resources given: New Diagnosis booklet, fact sheet on HINE

• Feedback to local physio and request to support NDIS if family obtain citizenship

• Referral QEDIN-CP, CP Register

• ORBIT block offered if NDIS delay

• RV QPRS 6 months CPRC clinic

• Hip X-Ray at 2yrs if GMFCS II
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Community / Private / 
NDIS therapists

Register NDIS

- ECEI

Refer to QPRS PAC

- Prior to 2nd birthday if 

hip surveillance and/or 

tone management 

required

Refer to QEDIN-CP 

-  If infant <2yrs old

-  If family interested in 

research opportunities

CP Register
- If confirmed diagnosis 

of CP
- Complete ‘First 

Contact’ slip & send to 
register

Offer Resources
- QPRS New Diagnosis 

brochure
- CP Alliance/QPRS Fact 

Sheets



Case 2: Background

Born at 37/40, BW 2340g, 

Apgars 6 @1min, 9 @5mins

Prenatal substance exposure –severe alcohol exposure 
and neonatal abstinence syndrome

Complicated social history

Neuroimaging: not completed

Early assessments:

Fidgety GMA: 12 and 14 wks – normal

MOS-R: non-optimal, trajectory of concern**

 12wks= 23 

 14wks = 21

ASQ-TRAK at 6 months – above cut-off in all domains

**Luke et al. 2024 Early Hum Dev



Completed at 6 months CA

Global Score = 61, 8 asymmetries (5L, 3R)

oCranial NF: 15/15
oPosture: 8/18
oMovements: 3/6
oTone: 23/24
oReflexes and Reactions: 12/15

→ below the 6-month “significant delay” 
cut-off score (<64) 

Interpretation: high likelihood of 
significant delay and/or CP (Romeo 2022)

Case 2: HINE 



15-month Outcomes

Severely delayed on communication, 

cognition and fine motor domains 

(>2SD below mean on standardised Ax)

HINE= 71 (<10th centile), 2 asymmetries

FASD specific facial features = 2 

→ Confirmed FASD diagnosis, 
investigations for autism

Case 2: Outcomes 

Key clinical interpretations:
➢ Normal Fidgety GMA
➢ Low MOS-R score but no asymmetry of 

finger postures/segmental movements
➢ High number of asymmetries on HINE @ 

6m, but present on both sides
➢ Clinical history not typical CP risk factors



Panel Discussion



Before you go…

We want to hear from- 

Help shape the future 

of QEDIN! 

Please complete this 2-5 min 

survey to help us understand 

how we can support clinician 

confidence, knowledge and skill 

development in early 

developmental screening
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