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Prof Daniel White Prof Douglas Katz

‘Een hartinfarct in de hersenen:

Verschijnselen en epidemiologie’

Tijdschrift: Neuropraxis > Uitgave 1/1997

Auteur: Robert Wagenaar

20 jaar Neuropraxis: ‘Een

hartinfarct in de hersenen’

Tijdschrift:

Neuropraxis > Uitgave 6/2017

Auteur: Gert Kwakkel

RW: “Het multidisciplinair behandelen op stroke units heeft een belangrijk klinisch 

voordeel (wat de opzet van gespecialiseerde afdelingen binnen ziekenhuizen 

legitimeert).” 

Revalidatie van de motoriek: 20 jaar later

Nu: Georganiseerde CVA-zorg op een gespecialiseerde afdeling blijkt volgens 

meta-analyse de kans op overlijden, dan wel ADL-afhankelijkheid, met

15 tot 20% omlaag te brengen in vergelijking met opname in niet-

gespecialiseerde ziekenhuizen [13, 21].

BETTER

Evidence for organized stroke unit care versus care on general medical wards 
stratified by the type of stroke unit
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Tau = k * (A/Å)

James Jerome Gibson

Systematic Reviews

• Kwakkel G, van Peppen R, Wagenaar RC, Wood Dauphinee S, Richards C, 

Ashburn A, Miller K, Lincoln N, Partridge C, Wellwood I, Langhorne P. Effects of 
augmented exercise therapy time after stroke: a meta-analysis. Stroke. 2004 

Nov;35(11):2529-39.

• de Goede CJ, Keus SH, Kwakkel G, Wagenaar RC. The effects of physical therapy 

in Parkinson's disease: a research synthesis. Arch Phys Med Rehabil. 2001 

Apr;82(4):509-15. PubMed PMID: 11295012.

• van der Lee JH, Snels IA, Beckerman H, Lankhorst GJ, Wagenaar RC, Bouter LM.

Exercise therapy for arm function in stroke patients: a systematic review of 

randomized controlled trials. Clin Rehabil. 2001 Feb;15(1):20-31.

• Selles RW, Bussmann JB, Wagenaar RC, Stam HJ. Effects of prosthetic mass and 

mass distribution on kinematics and energetics of prosthetic gait: a systematic 
review. Arch Phys Med Rehabil. 1999 Dec;80(12):1593-9. 

• Cambach W, Wagenaar RC, Koelman TW, van Keimpema AR, Kemper HC. The 
long-term  effects of pulmonary rehabilitation in patients with asthma and chronic 

obstructive pulmonary disease: a research synthesis. Arch Phys Med Rehabil. 1999 

Jan;80(1):103-11. 

• Kwakkel G, Wagenaar RC, Koelman TW, Lankhorst GJ, Koetsier JC. Effects of 

intensity of rehabilitation after stroke. A research synthesis. Stroke. 1997 

Aug;28(8):1550-6. PubMed PMID: 9259747.
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EFFECTS OF NEUROLOGICAL APPROACHES: 

NDT VERSUS BRUNNSTRŐM

1987 19981982

Wagenaar et al, The functional recovery of stroke: a comparison between neuro-developmental 
treatment and the Brunnstrom method. Scand J Rehabil Med. 1990;22(1):1-8. 

‘Steps to follow?’

Wagenaar et al, The functional recovery of stroke: a comparison between neuro-developmental 
treatment and the Brunnstrom method. Scand J Rehabil Med. 1990;22(1):1-8. 
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Stroke. 2009;40:e89-e97.

2007  NPI-CURSUS: ‘Neurorevalidatie/CVA’

Denmark 2018

Singapore 2017

RW: “Intensiteit lijkt een belangrijke factor die de meerwaarde  van oefentherapie 

bepaald. Echter de methodologische kwaliteit van studies is nog gering”

NU: Op basis van meer dan 30 nieuwe trials dit vermoeden bevestigd [21]. 

Verschillende meta-analyses van meer dan 30 trials laten zien dat intensiteit van 

het taakgericht oefenen ertoe doet [23–25] De differentiële effecten van 

intensievere oefentherapie blijken echter klein en hooguit 5 tot 15% van de 

variantie van uitkomst op ADL-zelfstandigheid te kunnen verklaren [13, 23–25].

Revalidatie van de motoriek: 20 jaar later

Kwakkel & Wagenaar, Lancet 1999; 354: 191-196

1987 19941982 1998 20122001

Kwakkel et al, Lancet 1999; 354: 191-196

Effects of intensive task-oriented upper and lower limb 

training (N=101)

n=31 N=3064

Overall: 0.22; 95%CI:0.09-0.33Veerbeek et al, PLoS One. 2014 Feb 4;9(2):e87987

Kwakkel et al, Stroke, 2004 Nov; 35(11):2529-39. 
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Task & (context) 

specificity 
Intensity

How to augment neurorehabilitation?

n=467 trials

(N = 25.373)

Veerbeek et al, PLoS One. 2014 Feb 4;9(2):e87987.

Skilled Nursing?
Telerehabilitation 

services at home? Robotics?

CCT?
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Dynamical system theory

• “Order parameter”

• “Control parameter”

Hysteresis of stride frequency/length during baseline (no cue, no flow)
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CONTROL PD

DA CELLS WITH  

NEUROMELANIN

R     L R     L

CONTROL PD

[123I]-CIT SPECT

Gezond Patiënt met PD

R                L R                L

[123I]-CIT SPECT

Winogrodzka A, Wagenaar RC, Bergmans P, Vellinga A, Booij J, van Royen EA, van Emmerik RE, Stoof JC, 
Wolters EC. Rigidity decreases resting tremor intensity in Parkinson's disease: A [(123)I]beta-CIT SPECT 
study in early, nonmedicated patients. Mov Disord. 2001 Nov;16(6):1033-40

68 PD patients
Amsterdam:

31 patients

Baseline Assessments (t0)

N=68

Boston:

37 patients

RandomisationGroup A:

PT & MT

N = 32

Group B:

MT only

N = 33

Group A:

MTonly

N = 32

Group B:

PT & MT 

N = 33

6th week assessment (t6)

N=65; (-3amst)

12th week assessments (t12)

N=60; (-3amst;-5bost)

Follow-up assessments 24 th week (t24) N= 57

CROSS-OVER

Efficacy of a Physical Therapy Program in Patients With 

Parkinson’s Disease: A Randomized Controlled Trial

Ellis D al, Arch of Phys Med Rehab 2005;86:626-32
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• Een aantal studies vanuit het perspectief van de niet lineaire 

dynamica heeft bijvoorbeeld aangetoond dat loopsnelheid een 

belangrijke onafhankelijke (stuur)parameter is bij de bestudering 

van het gezonde gaan en het hemiplegische gaan (zie ook 

Wagenaar &van Emmerik, 1994).

Behavioral compensation 

strategies

Kwakkel & Wagenaar, Phys. Ther. 

2002;82:432-448
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Understanding therapeutic-improvements…. Behavioral compensation strategies lower limb (N=15)

Functional Ambulation Categories
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T1=  3 weeks (post stroke; N=15)

T2=  6 weeks

T3=  9 weeks

T4= 12 weeks

T5= 24 weeks

Buurke et al, Neurorehabil Neural Repair 2008;22(6):676-83

Smooth rectified EMG-recordings of paretic leg post stroke (N=15)
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Buurke et al, Neurorehabil Neural Repair 2008;22(6):676-83
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Recovery profiles of 10 randomly selected stroke patients with a 

first-ever MCA stroke

weeks

Barthel Index score
F(t) = 

Ap

1 + e –K (t - C) 

time in weeks

F(t)
Ap

263 weeks 

(std: 8) 

K

C versus Ap: rs=0,69**; p<0.001
C

K versus Ap: rs=-0,47**; p<0.001

Individual curve fitting (N=89)

B
a

rt
h

e
l I

n
d

e
x

Effects of initial BI on moment of most fast recovery (N=102)

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 26

weeks

Barthel

index

k9 k3 k1

A
R

A
T

 s
c
o
re

weeks

Predicting upper limb recovery after stroke…….

Applying MCMC (mixture) methods on the EXPLICIT, EPOS and 

4D-EEG FM-UE datasets (N=456)

𝒓𝒌
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𝒚𝒊𝒋|𝒌 ~ 𝜶𝒊|𝒌 + 𝒓𝒌 ∗ 𝟔𝟔 − 𝜶𝒊|𝒌 ∗ (𝟏 − 𝐞−𝒕𝒊𝒋/𝝉𝒌) + 𝝐𝒊𝒋

van der Vliet et al (submitted)
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WEB-BASED ICT-SOLUTIONS FOR PATIENT-SPECIFIC PREDICTIONS

𝒚𝒊𝒋|𝒌 ~ 𝜶𝒊|𝒌 + 𝒓𝒌 ∗ 𝟔𝟔 − 𝜶𝒊|𝒌 ∗ (𝟏 − 𝐞−𝒕𝒊𝒋/𝝉𝒌) + 𝝐𝒊𝒋
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Immediate visualization of patient-specific prognosis based on 

Markov Chain Monte Carlo methods (N=463)

Acute Phase Chronic phase

Prediction
Functional 
outcome

Individualized patient-specific prediction modeling

‘Knowledge of results’

Understanding  

recovery profiles

Improve discharge 

policies (triage)

Allow benchmarking

Feedback & 

motivation for training

Improve   

communication 

between settings

Monitor patients’ 

progress

PROFITS 
A clinical infrastructure for 

assessment of determinants & 

modulators of neurological and 

functional recovery after stroke

Serial measurements at fixed moments post stroke!

THE ’4D-EEG’ BRAIN VAN
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