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CP definition

(SCPE DMCN 2000, Rosenbaum DMCN 2007)

Five key elements

- a group (several different disorders) 

- of permanent but not unchanging

- disorders of movement, posture and motor function, 

- due to a non progressive

- interference/lesion/abnormality of the immature brain



Clinical characterisation of CP

 Type: spastic, ataxic, dyskinetic

 Distribution: uni- or bilateral

 Functional level of motor abilities

GMFCS, MACS, CFCS, EDACS

 Accompanying impairments

Sensation, perception, cognition

Communication and behaviour

Epilepsy 

Secondary musculoskeletal problems 

 Brain pathology (MRI, CT)

Identify cause and timing
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Early intervention (Portage)

Functional PT

MOVE

Patterning (Doman-Delacato)

Pelvic positioning

Physical activity training

Strength training

Targeted training

Training by Phelps (15 modal)

Recreational (hippo-, hydro-)

Hyperbar oxygen

Acupuncture

Shock therapy

Manipulation of spine (Kozyavkin)

Therapeutic approaches to 

improve motor activity in CP

Bobath/NDT

Conductive education

Sensory integration

Vojta

Adeli suit

Aim-oriented management

Advance neuromotor rehabilitation

Biofeedback

Dohsa-Hou

Electrical stimulation

Massage

Heat Therapy

Locomat

CIMT
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XCell-Center Presents Impressive Results from Cerebral Palsy 

Stem Cell Treatment 

The XCell-Center, Europe’s leading stem cell therapy provider has 

released impressive results from a follow-up study of 100 cerebral 

palsy patients treated with autologous bone marrow stem cells. 

“Griffin underwent his first stem cell treatment at the XCell-Center in 

April 2009. Cognitive improvements materialized after about 3 weeks 

and physical improvements started at 3 - 6 months. Griffin's muscle 

tone improved along with his attention span and ability to engage 

others. He no longer required Botox which he needed twice before 

stem cell therapy,” 



Experts in stem cell research had accused the clinic of preying on vulnerable 

patients, desperately seeking a cure for such illnesses and diseases as cerebral 

palsy, multiple sclerosis, autism, Parkinson's, Alzheimer's, heart disease, 

diabetes and spinal cord injuries.

Ira Hermann, who runs the German stem cell network which funds scientific 

research projects, said: "XCell was offering unproven treatments and taking a lot 

of money from very vulnerable people.“

Professor Chris Mason, chair of regenerative medicine at University College 

London, said: "This is excellent news for the European cell therapy industry. 

XCell had failed to demonstrate its treatments were either safe and effective or 

had scientific rationale.“



Principles for evidence based 

interventions in childhood disability

1. Reliable and valid methods to measure 

treatment results

2. Clinical trials

3. Science based framework 

predicting/explaining treatment results
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Activity
Body function

&

Body structure

Participation 

Environment Personal factors

Health
Ashworth scale

Tardieu 

HAT

ROM

SMC

Strength 

Muscle fatigue

Sensibility

SAROMM

Gait analysis

GMFM-66

PEDI FSS

Measurements in motor domain

CAPE & PAC

PEDI CAS

PMP

AHA



Principles for evidence based 

intervention in childhood disability

1. Reliable and valid methods to measure 

treatment results

2. Clinical trials
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Hierarchy of study designs
(Khan et al 2003)
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Description of the design Levels assigned to 

evidence based on 

soundness of design

Experimental study

•RCT (with concealed allocation)

•Exp. study without  randomisation

I

Observational study with control groups

•Cohort study

•Case-control studies

II

Observational study without control groups

•Cross-sectional study

•Before-after study

•Case-series

III

Case reports

Pathophysiologal studies

Expert opinion or consensus

IV



RCT

Randomized Controlled Trial

 Two arms

Treatment group

Control group

 Randomization

 Placebo (control group)

 Blind; both patient and treatment provider

 Stratification; similar characteristics (sex, age, level)

 Statistical power
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A systematic review of interventions for children with 

cerebral palsy: state of the evidence

Developmental Medicine & Child Neurology

Volume 55, Issue 10, pages 885-910, 21 AUG 2013 DOI: 10.1111/dmcn.12246

http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12246/full#dmcn12246-fig-0001

http://onlinelibrary.wiley.com/doi/10.1111/dmcn.2013.55.issue-10/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12246/full#dmcn12246-fig-0001
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WHO Universal Coverage – Rehabilitation 2030: a call for action

Package of rehabilitation guidelines

Appraisal of guidelines for research & evaluation (AGREE II)



Principles for evidence based 

interventions in childhood disability

1. Reliable and valid methods to measure 

treatment results

2. Clinical trials

3. Science based framework 

predicting/explaining treatment results
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Cerebral Palsy
Movement Disorders

 Spasticity 

 Musculoskeletal 

malformations 

 Dyskinesis

 Hyperreflexia

 Retained developmental 

reactions

 Paresis

 Central dys-coordination

 Co-contractions

 Mirror movements

+ -
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Intervention

Cerebral Palsy (+)

 Spasticity

 Pharmacology 

 systemic

 muscle

 intra-thekal

 Surgery

 orthopedic

 neurosurgery

 Physiotherapy

 Casting, splinting

 Musculoskeletal 

malformations

 Ibid

 Dyskinesia/Dystonia

 Pharmacology

 Deep Brain Stimulation

 Developmental reactions

 ?
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Intervention

Cerebral Palsy (-)

 Paresis

Training muscle strength

 Central Dys-coordination

Motor Learning

Motor Training



All ”GREEN INTERVENTIONS 

are based on own activity; no ”hands on”:

motor learning & motor training





Hubel & Wiesel

Plasticity of the visual system
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Motor skill learning/motor training

 Learning curve
Dayan & Cohen 2011



Hans Forssberg

Motor skill learning/motor training

 Learning curve

 fMRI changes

Dayan & Cohen 2011
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Motor skill learning/motor training

 Learning curve

 fMRI changes

 Grey and white matter changes

Bengtsson et al, Nature Neurosci 2005

Draganski et al 2004
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Motor skill learning/motor training

 Learning curve

 fMRI changes

 Grey and white matter changes

 Genetic variation of BDNF

McHughen et al. 2010
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Motor skill learning/motor training

 Learning curve

 fMRI changes

 Grey and white matter changes

 Genetic variation of BDNF

 Role of dopamine system

Pearson-Fuhrhop KM et al 2013,

Gene variants of Dopamine markers



Skilled Reaching in Rats and Humans

Rat

Human

Start                  Lift            Advance       Pronation        Grasp                 

Sacrey et al. Behavioural Brain Research 2009



Skilled reaching task paradigm



Days of Training

Skilled motor learning in a 

genetic animal model of ADHD

Days of Training

SHR

Qian et al 2010



Dopamine in M1 is necessary for 

optimal motor skill acquisition 

but not for movement execution

K Molina-Luna 2009, PLOS-One 

X



Dopamine system





Motor skill learning/motor training
Alteration of dopamine signalling

Qian Y et al, PLoS ONE  2015

X

DARPP-32 mRNA expression



Summary 1:

Motor learning is associated with 

modulation of intracellular DA signalling

Summary 2:

Interruption of 

the intracellular 

DA signalling

impairs 

motor learning
X



Does genetic variation in the dopamine 

system influence treatment response? 

Background:

Evidence based clinical research conclude that activity based 

interventions (motor learning & training) are most effective

Experimental research suggests that dopamine neurotransmission 

(and brain-derived neurotrophic factor (BDNF)) are involved in 

motor learning and plasticity

Clinical trials: 
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Individual changes after 2 months

Intervention (CIMT) 

Interaction between group and treatment, 

demonstrated by mean and 95% confidence 

interval



Study design

 Recruited 33 children, 18–60 months with unilateral CP, 

from previous intervention programmes

 Assessed before and after with AHA

 Saliva was collected for genotyping

 5 dopamine gene score
 COMT, DAT, DRD1, DRD2, DRD3

 BDNF



1) Children with a high polygenic dopamine gene score had the 

greatest outcome

2) Younger children had greater gains than older children

3) When baseline was introduced in the model; 

lower levels had greater gain

Naturally occurring genetic variation in the 

dopamine system can predict treatment outcome

Children with high dopamine score (endogenous

dopamine level) have a greater gain

Can outcome be improved by boosting the 

dopamine system?



Conclusion
 Evidence based interventions improving motor function in children with 

CP include active motor learning and training

 Skilled motor learning involves >two molecular pathways

 Dopamine system

 Microglia – BDNF

 Dopamine system

 Interruption of the dopamine pathways impair motor learning

 Lesions of the striato-frontal pathways

 KO intracellular pathway (DARPP-32)

 Training induced improvement of motor skill is associated with regulation 

of
 DRD1; DARPP-32; p-Thr-34-DARPP32; p-Ser-133-CREB 

 Dopamine gene score can predict intervention outcome in children 

with CP

 Early intervention in CP promising; but not yet evident
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