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Arm-hand rehabilitation
in post-stroke phase

Regain and maintain improvements in arm-hand 

function and arm-hand skill performance, 

No or limited arm-hand skill performance



towards actual use of the affected hand in daily

life performance

Arm-hand rehabilitation
in post-stroke phase

activities & participation



Relearning motor abilities during arm-hand rehabilitation is slow 
or even absent 

Issues in rehabilitation
of the moderately to severely affected arm-hand 

50% of the patients with a severe paresis of the arm-hand do not
experience recovery, due to abscence of ipsilesional cortical
excitability.

High co-morbidity levels like cognitive deficits, depression, 
(shoulder)pain, sensomotor deficits, edema and spasticity



Main issues
In rehabilitation of the moderately to severely affected arm-hand 

Interventions to improve ánd maintain a sufficient level of arm-hand skill
performance in moderately to severely affected patients are vaguely
described

Low level of self-efficacy leads to limited beliefs and self-perceived
perfomance, of the affected arm-hand associated with a sub-
optimal use

Serious arm-hand capacity problems hampering engagement in intensive 
arm-hand training interventions in the critical window of opportunity

Added value of novel interventions facilitating voluntary grasp and release 
movements are not systematically investigated.



Concise Arm and Hand Rehabilitation Approach in Stroke

(CARAS)

A practical and evidence-based framework for clinical rehabilitation management
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PART 1

Taking care and prevention

PART 2

Task-oriented Arm hand skill performance training program

Program 1

Non functional hand performance

Program 2

Gross motor grip performance

Program 3

Functional performance

Level of arm-hand impairment

CARAS

Concise Arm and hand Rehabilitation Approach in Stroke (CARAS) (Franck et al; Open Journal of Occupational Therapy, 2015

mild impaired 

arm-hand
moderate impaired 

arm-hand

severe impaired 

arm-hand



1. Principles of self-efficacy

2. (Intensive) task-oriented training method 

Program 2

Gross motor grip performance

Program 3

Functional performance



Moderately to severely impaired. Task: Prepare food, cutting vegetables
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mild impaired 

arm-hand

moderate impaired 

arm-hand
severe impaired 

arm-hand

(Senso-motor) functions

Diagnostics

nderlying assumptions can be made about:‘why’ 

the activity has not been performed correctly?



Content
 Aimed at the

task (what)

 Aimed at 
performance 
level (how) 

Focus of attention: 
 external or 

internal focus

Form 
 Verbal -Non-

verbal
 (haptic-video-

photo-written -
akoustic)

Content
 Knowledge of 

performance

 Knowledge of 
results 

Timing
 During or 

after
performance

Organisation
environment
 calm - lively

Organisation task
Simple   - complex
Whole task - part-task

limited number of 
degrees of freedom

- open

Organisation
practice
massed – distributed
blocked-random

Kleynen M, Braun SM, Rasquin SMC, Bleijlevens MHC, Lexis MAS, Halfens J, et al. (2015) Multidisciplinary Views on Applying 

Explicit and Implicit Motor Learning in Practice: An International Survey. PLoS ONE 10 (8)

Motor LearningMotor Control

Strength

Dysmetry

Propriocepsis

CARAS
Example

Perceptual
learning

cutting vegetables



CARAS
Workbook

Strength

Dysmetry

Propriocepsis
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CARAS
Workbook

Cutting vegetables

Strength scap/glenoh/..
Propriocepsis/ bodymap./..

1. stretch exercise 11b

2. scapular exercise 1a

3. kinematic chain exercise 6

4. functional strength task

4
5



Moderately to severely impaired. Task: Prepare food, cutting vegetables



Mastery Experience
Self - Efficacy

Goal evaluation form 
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1._____________________________________________

4._____________________________________________

….

STABILIZING BREAD

Scores:

0 Very easy to perform 

1 Easy to perform

Quite easy to perform

3 Neither a problem to perform

4 Quite hard to perform

5 Hard to perform

6 Very hard to perform

Activities selected in which the participant wants to improve himself 

2._____________________________________________

3._____________________________________________

5._____________________________________________

score
0 2

Prior to the start of the arm-hand training program, the participant extract three to 

six activities that are both meaningful and challenging to him. Important 

characteristics of these activities are that they have to be used frequently and be 

directly related towards home-based activities in daily life of the participant. 

The activities are rated by the patient on a six-point ordinal (Likert) scale varying 

from ‘very easy to perform’ to ‘very hard to perform’

1

CUTTING VEGETABLES

Cutting vegetables

Monday

Wednesday

Friday

4

5

6



Changes in arm-hand function and arm-hand skill performance in patients 

after stroke during and after rehabilitation: 
“Saving comparative data regarding ‘evidence-based therapy-as-usual”

T12
T9T6T3Tbl Tc1                 Tc2                                       

Admission Clinical discharge

Period of rehabilitation Post rehabilitation phase 

6

weeks

6

weeks 

3

months

6

months

9

months

12

months

Subgroup following program  1 Subgroup following program  2 Subgroup following program  3

N = 28 N = 28 N = 33

CARAS CARAS



Results at the level of Function :
Fugl-Meyer Motor Assessment 
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Changes in arm-hand function and arm-hand skill performance in patients after stroke during and after rehabilitation. Franck JA, et al., 

(2017) PLoS ONE 12(6)

mild impaired 

arm-hand
moderate impaired 

arm-hand

severe impaired 

arm-hand

Majority of the participants with a mildly to moderately affected arm-hand demonstrated a significant 
improvement in arm-hand function



Results at the level of Capacity:
Action Research Arm Test 
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Changes in arm-hand function and arm-hand skill performance in patients after stroke during and after rehabilitation. Franck JA, et al., 

(2017) PLoS ONE 12(6)

mild impaired 

arm-hand
moderate impaired 

arm-hand

severe impaired 

arm-hand

Majority of the participants with a mildly to moderately affected arm-hand demonstrated a significant 
improvement in arm-hand skill performance



Changes in actual arm-hand use in stroke patients

during and after clinical rehabilitation

Mild  

Moderate

severe

Program 3

functional performance

Program 1
non functional performance

Program 2
gross motor grip 

performance

Changes in actual arm-hand use in stroke patients during and after clinical rehabilitation. Franck JA, et al., (2019) PLoS ONE 14(4)

Majority of the participants with a mildly to moderately affected arm-hand demonstrated a significant 
improvement in actual arm-hand use



Dynamic handorthosis combined with electrical stimulation in 
stroke patients with a moderately to severely affected arm-hand 

+ + Program 2
gross motor grip performance

1

PART 1

Taking care and prevention

PART 2

Task-oriented Arm hand skill performance training program

Program 1

Non functional hand performance

Program 2

Gross motor grip performance

Program 3

Functional performance

CARAS
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Reduction of spasticity to improve arm-hand skill performance in 
stroke patients with a moderately to severely affected arm-hand 
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Reduction of spasticity to improve arm-hand skill performance in 
stroke patients with a moderately to severely affected arm-hand 

+ Program 2
gross motor grip performance

Botulinum toxin & arm-hand skill performance training leads to significant improvements.
Added-value of Botulinum toxin on arm-hand function / arm-hand skill performance were not found 



Take home messages

With respect to actual arm-hand-use it could be concluded that a vast majority 
ofpatients admitted to CARAS program 2 and program 3, improved on arm-
hand function, capacity and actual arm-hand use.

moderately to severely affected patients appeared to
be facilitated by dynamic hand orthoses or botulinum toxin in conjunction with 
CARAS

CARAS’ defined content combined with the longitudinal database on the 
development of arm-hand function and arm –hand skill performance can be 
used as a reference database



Thank you for your attention!

h.franck@adelante-zorggroep.nl
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