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Wat is motorische revalidatie?





ESO definition of Motor Rehabilitation after Stroke
“Motor rehabilitation is a process that engages people with stroke in order to benefit their motor function, activity capacity 
and performance in daily life. It is necessary for all people with residual motor disability whose goal is to enhance their 
functioning, independence and participation.

Motor rehabilitation strives to reduce motor impairments and improve functioning in activities through learning- and use-
dependent mechanisms. The trajectory of motor and functional recovery varies between patients and stages of recovery. At 
early stages, behavioral restitution of motor function depends on the underlying mechanisms of spontaneous neurological 
recovery. At later stages, further functional improvements can be achieved by compensations.

Motor rehabilitation is guided by regular assessment of motor function and activity using consensus-based measures, 
including patient-reported outcomes. Results are discussed with the patient and their carers in order to set personal goals.

The core element of motor rehabilitation incorporates principles of motor control in which patients learn to optimize and 
adapt their motor, sensory and cognitive functioning through appropriately dosed, repetitive, goal-oriented, progressive, 
task- and context-specific training.

Motor rehabilitation supports people with stroke to maximise health, well-being and quality of life.”

Kwakkel et al. 2023



Onderzoek



ICF

Kwakkel et al. 2023



Source Aim Focus Time post stroke Recommended assessments

CAULIN
2021

Clinical 
practice

UL Within 1st week, 3-, 6- and 12-
months; prior to discharge or 
transfer; before, during and 
after a rehabilitation program

FMA-UE, ARAT
Extended: Kinematics, BBT, CAHAI, WMFT, NHPT, 
ABILHAND
Supplementary: MI, CMSA, STREAM, FAT, MAS, 
sensor-based use of the upper limb

Core set
2020

Clinical 
practice

Motor Day 2±1 and 7, week 2 and 4, 
month 3, 6 and 12, and every 
following 6 months

FMA, ARAT, 10MWT, TUG, BBS, SIS

SRRR-2
2019

Research UL QoM Within 1st week, 3-, 6- and 12-
months, 4 and 8 weeks 
recommended

2D reaching, finger individuation, grip/pinch 
strength and 3D functional drinking task

SRRR-1
2017

Research Recovery Within 1st week, 3-months, 6-
and 12-months recommended

NIHSS, FMA-UE and FMA-LE, ARAT, ability to 
walk, 10MWT, mRS and EQ-5D

Recent consensus-based recommendations for motor assessments 
in stroke rehabilitation

CAULIN: Clinical Assessment of Upper Limb in Neurorehabilitation
SRRR: Stroke Recovery and Rehabilitation Roundtable

Kwakkel et al. 2023



Langhorne et al. Lancet 2011



Motor and functional recovery

Verheyden et al. NNR 2008





Motor recovery

Neural restitution Neural substitution

Behavioural restitution Behavioural compensation

Return to (more normal) 
movement patterns as used 

before stroke

Return to (more normal) 
activities as before stroke

Use-dependent processes: 
motor learning and skill 

acquisition (all life)

Spontaneous biological 
processes (restricted to first 3 

months)

performing movements 
or tasks with atypical 
movement pattners at 
the expense of 
movement quality
using a different body 
part



Motor and functional recovery

Verheyden et al. NNR 2008

… ???



Long-term evolution?

Meyer et al. Stroke 2015



Wat volgt?



How Should We Measure Physical Activity 
After Stroke? An International Consensus

WHICH DEVICE IS BEST?: IT DEPENDS ON WHAT YOU 
WANT TO MEASURE AND WHY… 

IN RESEARCH

PA Intensity (eg. energy expenditure)

Actigraph, Actical & Activ8

PA Duration (eg. time spent in postures) 

ActivPAL

PA Frequency (eg. step count)

Step Activity Monitor

IN CLINICAL PRACTICE

PA Frequency, Intensity and Duration

Fitbit

Fini NA et al., How should we measure physical activity after stroke? 
An international consensus. International Journal of Stroke 2023; 1-
11. DOI: 10.1177/17474930231184108.

WHICH QUESTIONNAIRE IS BEST?

Questionnaires with good construct validity and 
feasibility:

- International Physical Activity Questionnaire

- Physical Activity Scale for the Elderly

- Physician-based Assessment and Counselling 
for Exercise Score

- Stroke Physical Activity Questionnaire

https://doi.org/10.1177/17474930231184108


Prognose





Prediction tool Outcome Prediction time Outcome time Type of tool Predictor variables

PUPPI NIHSS arm < 2 of 4 points 24 hours 3 months Scoring system Age, NIHSS

PREP2 Upper limb activity capacity: 
Excellent, Good, Limited, Poor

3 – 10 days 3 months Decision tree SAFE, Age
MEP status, NIHSS

EPOS-UL >10 out of 57 points on ARAT 2 – 10 days 3 months Multi-variable 
equation

FMA-UE, finger extension, 
MI, shoulder abduction

EPOS-LL FAC >3 of 5 points 3-10 days 3 months Multi-variable 
equation

Trunk Control Test, MI leg

TWIST FAC >3 of 5 points 7 days 1-3 months Scoring system Age, knee extension, BBS

Kwah Independent walking Within 7 days 6 months Multi-variable 
equation

Age, NIHSS

Validated tools that predict outcomes at specific time points for 
individual patients

PUPPI: Persistent Upper Extremity Impairment
EPOS: Early Prediction of Functional Outcome after Stroke
TWIST: Tenectaplace in Wake-up Ischemic Stroke Trial

Kwakkel et al. 2023



Stinear et al Brain 2007; Boyd et al 2017 J Stroke; Stinear et al. 2017 Ann Clin Transl Neurol & Stroke; Smith et al. 2019

https://presto.auckland.ac.nz/how-prep2-works/

PREP-2: predicting upper limb outcome





TWIST predicting independent walking at 6 months post stroke 
(Functional Ambulation Scale)

Smith MC, Barber AP, Scrivener BJ, et al. The TWIST tool predicts when patients will recover independent 

walking after stroke: an observational study. Neurorehabil Neural Repair 2022; 36: 461–471.



Interventie



• Summary of national clinical practice guidelines, included if
• Guidelines written in English or Dutch

• Containing a section ‘rehabilitation after stroke’

• Received ‘strong’ recommendation ‘in favour’ in at least three guidelines (2 reviewers)

• 5 high-quality guidelines included
• Australian and New Zealand Guidelines

• Canadian Guidelines

• American Guidelines

• UK National Clinical Guidelines

• Guidelines from the Netherlands

Strongly recommended evidence-based interventions

Kwakkel et al. 2023

https://app.magicapp.org/#/guideline/Kj2R8j
https://www.strokebestpractices.ca/recommendations/stroke-rehabilitation
https://www.ahajournals.org/doi/10.1161/STR.0000000000000098?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.strokeguideline.org/
https://richtlijnendatabase.nl/richtlijn/herseninfarct_en_hersenbloeding/revalidatie_na_herseninfarct_-bloeding.html


Strongly recommended evidence-based interventions

2023 UK National Clinical Guidelines:

• at least 3 hours of therapy per day

• people should be supported to remain active for 6 

hours a day, including the hours of therapy

More is better

Kwakkel et al. 2023



Strongly recommended evidence-based interventions

Repetitive, intense, task- and context specific, progressive training

Kwakkel et al. 2023



Progressive strength and functional balance training should be 
provided for those with reduced strength or balance

Kwakkel et al. 2023



Walking in different forms

Individualized, repetitive, task and context specific, high variability combined with high number of 
repetitions

Circuit class therapy with focus on overground walking and mobility

Treadmill training with or without BWS

Robot-assisted for those who would otherwise not practice walking, but robotics should not used in 
place of conventional gait therapy

Ankle foot orthosis (AFO) should be offered when needed

Functional electric stimulation (FES) for drop-foot

Strongly recommended evidence-based interventions

Kwakkel et al. 2023



Arm training – specific therapies

Original or modified CIMT – active repetitive task-practice is the key element, no evidence for 
restraint alone, only relevant for those with minor cognitive deficits, and some finger/wrist function

Mental practice as adjunct therapy – for suitable candidates

Robot-assisted therapy only as an adjunct therapy, can increase repetition in those with moderate 
to severe impairment, shoulder and elbow movements

NMES as adjunct therapy for wrist/finger extensors can be offered for those with minimal active 
function, during the first months of stroke

Strongly recommended evidence-based interventions

Kwakkel et al. 2023



Langhorne et al. Lancet 2011

Wat volgt?





+24 hours in 4 weeks



2023-2027







Langhorne et al. Lancet 2011

Wat volgt
nog?



Improved outcome in chronic phase?

Ward et al. JNNP 2019

Prospective single-center cohort study
N=224
3-week UL boost
90 hours





“Black box” of UL stroke therapy 

Self-
efficacy

Dose, 
intensity, 
practice

Individualized goals

Specialist knowledge

Nick Ward
NNR congress
Maastricht
May 2019



2022-2025



Intensive

rehabilitation

Standard care

Standard care

9 Months

3 weeks: 90 hours

T0 T1 T2

T0 T1 T2RCT
Chronic 

Stroke or SCI 

(N = 100)

Design RCT



Monday Tuesday Wednesday Thursday Friday
9u30-10u Goal oriented training Self-management Goal oriented training OL therapy + Technology BL therapy + Technology

10u-10u30 OL therapy + Technology

10u30-11u OL therapy OL therapy BL therapy OL therapy + Technology

11u-11u30 Goal oriented training

11u30-12u BL therapy + Technology Self-management GT BL therapy + Technology Self-management

12u-12u30 Cardiovascular fitness training GT Cardiovascular fitness training GT

12u30-13u

13u-13u30
Pause Pause Pause Pause Pause

13u30-14u Cardiovascular fitness training GT BL therapy BL therapy + Technology Cardiovascular fitness training GT BL therapy

14u-14u30 Goal oriented training

14u30-15u BL therapy BL therapy + Technology BL therapy OL therapy

15u-15u30 Self-management

15u30-16u OL therapy + Technology OL therapy OL therapy + Technology OL therapy Goal oriented training

16u-16u30



INTeRAcT

Single-blinded Randomised controlled trial

WP 4: Process evaluation

Verheyden G.

WP 2: Clinical evaluation WP 3: Health economic 

evaluation

Putman K. Fobelets M.



Kwakkel et al. ESJ 2023



Dank U

Geert.Verheyden@kuleuven.be
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