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1921

„robot“=  old slawian, tschech: „robota“=hard work

– Rossum's Universal Robots theater play

Karel Čapek.

Definition 
Robotic 
Rehabilitation

http://de.wikipedia.org/wiki/Karel_%C4%8Capek


1921

1936

„robot“=  old slawian, tschech: „robota“=hard work

– Rossum's Universal Robots theater play

Karel Čapek.

Charles Spencer Chaplin in „Modern Times“1936

A Robot ist a (manlike)
technical system
helping man 
to do heavy work

Definition 
Robotic 
Rehabilitation

http://de.wikipedia.org/wiki/Karel_%C4%8Capek


2022

>2022

Automatic machine able to manipulate objects, 
execute operations according to a fixed program, 
modifiable and adaptable  

Robotic in Neurorehabilitation

Intelligent Mechanical Training Devices (IMTD)

Definition 
Robotic 
Rehabilitation



History

2 types 
of 

robots
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Types of robots

EX: Armeo Spring : different modulation

Active robot: 
moves plegic part

Semi- active robot: 
assists paretic part with
reduced movement



The ReWalk Device
Interface 
with different parts of
body: Exoskeleton
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REWALK
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Why focus of 

interest ?

Decade
of the 
brain

Decade of the brain: 

Neuroimaging and EEG



Merzenich M et al.1988 

Jenkins WM,1990

Taub E, 1993

Nudo RJ. et al. Science 1996

Decade of the brain
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Selective activation
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Reorganization of the brain mapping
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Synaptic regrowth

Muller D.

2000
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Intensive stimulation and synaptic 

regrowth

• Synaptic regrowth depends on the intensity 

of the stimulus 

Dr.K. Diserens PD-MER 

Neurorééducation 
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Repetitive movement - functional imaging
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Double crossed over 
randomized study
N=9
3x/ week during 3 months



Double crossed over study
N=9
3x/ week during 3 months
Changement of group
3x/week during 3 months

control group: 
Motomed
+ playing card
treatment group
Motomed
+ Botox



23
Dr.K. Diserens PD-MER 

Neurorééducation 



Repetitive movement increases the effect of Botox

 Affected Hemisphere: MISI

 Non- affected Hemisphere:SII

 Improvement of motricity + spasticity

by sensorial input 
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Why focus of 

interest ?

Decade
of the 
brain

Decade of brain: Understanding of 

neuronal plasticity: Neuroimaging 

and EEG

Principles
of 

learning

- Repetive movement
- Shaping
- Neurosensorial stimulation and 
biofeedback 
- Motivation



Condition of (Motor) Learning: 

Synaptic regrowth
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Neurorééducation 

 LTP ( Long terme potential)

 Increased connectivity

 Intensive stimulation



passive activeModulation

Shaping

Facilitated principles by robotic



Repetitive movement

• 60% of the body weight is taken off

• 45 min. 5 times a week

• Stop when walking independently
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Taub E, Uswatte G, Elbert T. New treatments in neurorehabilitation founded on basic research. 

Nature Reviews Neuroscience 2002; 3: 228-236



Treatment group n= 26 
Control :n=32
20 min, 5th day, 5/7
Median cycling
sessions: 7 ( 4-11)  



143m 196m 21/2315/23

2.37 kg1.83 kg

Improvement of 

walking speed

Improvement of the 

isometric strength of the 

quadriceps
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Neurorééducation

Increased connectivity

by neurosensorial stimulation



Increased connectivity by: Motivation 
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Neurotransmitters nuclei projections and RSNs. Dopamine: dopaminergic pathways and RSNs: the nigrostriatal pathway projects mainly to core regions of the 
SMN, whereas the mesocorticolimbic pathway to the SN. Serotonin: serotonergic pathways and RSNs: the main projections of the RNi involve regions of the 
SMN and DMN. SNc substantia nigra pars compacta, VTA ventral tegmental area, DStr dorsal striatum, VStr ventral striatum, DMT dorsomedial thalamus, pACC
perigenual anterior cingulate cortex, PCC posterior cingulate cortex, vmPFC ventromedial prefrontal cortex, SM sensorimotor, RNi raphe nuclei, dACC dorsal 
anterior cingulate cortex, RSNs resting-state networks, SMN sensorimotor network, DMN default-mode network, SN salience network

Conio et al. Opposite effects of dopamine and serotonin on resting-state networks: review and 
implications for psychiatric disorders. Mol Psychiatry, 2020





Task specific: 
Neuromotorsensorial + cognitive + motivation



No motivation without a therapist
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Training by

robot consisted of peripheral manipulation of the shoulder and

elbow of the impaired limb, correlated with visual stimuli



Interventions: ACUTE stroke!

Patients of both groups : 

same dose and length per day of standard post stroke 

multidisciplinary rehabilitation 

+ individual adaptation of robotic fixation  by therapist.

Experimental group (n=17):

early sensorimotor robotic training, 4 hours a week for 5

weeks; + Robotic: 4 hours/ week for 5 weeks;

Control group (n18) idem but:

- Robotic 30 minutes, twice a week (1h/w) !!

- Robotic device unimpaired upper limb. 

Training by robot :
With individual adaptation by therapist



Conclusions: 

Robotic therapy + to conventional therapy 

greater reductions in

- motor impairment

- improvements in functional abilities.

“Robotic therapy may therefore effectively 

complement standard rehabilitation from the start” 





Methods: Randomized controlled trials (RCTs) published 

between January 1, 2000 - December 31, 2019 

Results:

- Eleven RCTs involving 493 participants - were included for 

review. 

-were nonsignificant (all ps ranged .16 to .86). The quality 

of this evidence was generally

rated as low-to-moderate. 

Conclusion:

Robot-assisted therapy produced benefits similar,

but not significantly

 using head-to-head comparison

 Future studies may integrate the fact: 

the less labor-intensive RT may offer important advantages 

over currently available standard care, in terms of improved 
convenience, better adherence, and lower manpower



WHEN

Evidence of 

effectiveness 

of robotic 

rehabilitation ?

Conditions to 
meet



Acute phase of stroke: 
Intermediate care



Very Acute phase of stroke: 
intensive care



NRA

2014

2019

2020

Therapeutic approach by the NRA

I.

II.

III.

IV.

V.

A. Pincherle, J. Jöhr, L. Pancini, L. Leocani, L. Dalla Vecchia, P. Ryvlin3, N. Schiff, K.Diserens Frontiers 2020



In bed

Out of bed

Robotic: Motomed®

Therapeutic approach by the NRA
(I) Early Mobilization



NRA

I.

II.

III.

IV.

V.

Therapeutic approach by the NRA



Robotic: 
Erigo®

Direction of 
gravity

(standing 
upright)

increases
perception

better awareness 
better sensitivomotor
rehabilitation

Therapeutic approach by the NRA
(II) Early Verticalization
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FOR WHO ?
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How much: Intensity?



Background: Previous studies documented beneficial effects of 

aerobic exercises on cardiovascular fitness and gait ability.

Aim: to compare the effects of a high-intensity treadmill training 

(HITT)

against low-intensity treadmill training (LITT) 

- on gait ability

- quality of life

- cardiorespiratory fitness VO2peak

- and cost of walking in chronic stroke subjects.

Design: Randomized, controlled pilot study.

Population: n=16 ; HITT (N.=8) or in the LITT (N.=8).

Conclusions:

HITT :- feasible training

- improvement in gait ability

- enhanced VO2peak

- reduction in cost of walking  compared to LITT.
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Interventions: 12 weeks
All groups received treatment 5d/wk for 5h/d (60 sessions), with unique 
treatment as follows: 
ML (Motor learning) alone (n=11) (5h/d partial- and whole-task practice 
of complex functional tasks),
Robotics plus ML (n=12) (3.5h/d of ML and 1.5h/d of shoulder/elbow 
robotics flexion-extension -horizontal) 
FES plus ML (n=12) (3.5h/d of ML and 1.5h/d of FES wrist/hand 
coordination training)

Design: Single-blind, randomized
trial

Participants: (N=39)
>1 year post-single stroke 

35 completed the study

Methodology

J McCabe et al. Archives of Physical Medicine and Rehabiliation 2015.



Results

Severely impaired stroke survivors with persistent (>1y) upper-
extremity dysfunction  clinically and statistically significant 
gains in coordination and functional task performance with
- robotics plus ML, FES plus ML, and ML alone
-in an intensive and long-duration intervention; 
- no group differences were found. 

Conclusion

J McCabe et al. Archives of Physical Medicine and Rehabiliation 2015.



Additional studies are warranted to determine 
the effectiveness of these methods in the 
clinical setting

Conclusion perspective

J McCabe et al. Archives of Physical Medicine and Rehabilitation 2015.

Mehrholz, Platz et al.,Chochrane Database of Systematic Reviews, 2018.



Angl nom Angl adj Français nom Français adjectif Signification

 Efficacy Efficient,
methodical

Efficacité Efficace Given intervention 
in an ideal
controlled
condition
Scientific good 
study methodology

Effectiveness
Effective Efficacité,

efficience
Efficace, 
effectif

Meaningful effect
Working well, on 
patients in a 
NORMAL condition

Efficiency Efficient Efficacité,
efficience,
rendement

Efficace,
efficient

Most economical
way with good 
input and output

Good outcome condition of standard therapy + Robotic



Additional studies are warranted to determine 
the effectiveness of these methods in the 
clinical setting

Conclusion perspective

J McCabe et al. Archives of Physical Medicine and Rehabilitation 2015.

3. Individual
goalassessment

2. Enriched environment
motivation

1. As early as
possible

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwja1evHob7PAhWC7RQKHW6qAkcQjRwIBw&url=http://www.just-gamers.fr/pc/goal-or-no-goal-!.html&bvm=bv.134495766,d.d24&psig=AFQjCNHskNp0dE8Wyxxrh5Vkf82b81AqgA&ust=1475571283275708


NRA
(Acute Neuro-
RehabilitatioN

)

2014

2019

2020

Therapeutic approach by the NRA
Acute Neurorehab Unit 



Brain Repair

Enriched Environment : animal concept 

Neurobiology of Learning and Memory, VoL147, 2018: 54-6



Lobe 
temporal

Lobe 
occipital

Lobe 
pariétal

Lobe 
frontal

ODORAT

VISION

TOUCHER

GOÛT

OUTDOOR: 
JARDIN 

THÉRAPEUTIQUE

INDOOR:
BÂTIMENT HOSPITALIER

OUÏE

1) Coordinated stimulation 
of 5 senses

+

2) Cognitive motivation
+

3) Enriched environnement

Definition:

GOÛT

Therapeutic approach by the NRA
(III) Neurosensorial Approach



2019



30 min



Research I

Groupe I
(n=10)

Groupe II
(n=10)

Groupe III
(n=10)

2016





Group I
(n=10)

Group II
(n=10)

Group III
(n=10)

Absence of orthostatic effect
By increased endogenous
catecholamin production
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73G.Morone et al.Neuropsychiatr Dis Treat 2017;13:1303 

Perspectives



Perspectives to maintain efficacy
to improve: effectiveness and efficiency



Robot of 
verticalization
comes to bed

Robotic : VEMO®Robotic : Erigo®

Currently Perspective

Perspectives in acute care



 During a therapy day

patients spent 50% of 

their time in bed

 28% are sitting in 

their rooms

 only 13% with

activities aimed to

avoid complications

or improve their

abilities

 60% of  the time the

patients were alone

Actual reality in post-acute /ambulatory care
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Standard Hand Exoskeleton
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High dose of treatment

Functional and repetitive movement 

Complementary to standard of care

Exoskeleton Emovo wants to enabl these users

to move their hands at home without help

Perspectives in post-acute /ambulatory  care

Emovo Care, EPFL

 efficacy, improve effectiveness + efficiency



Physiothérapeutes

Coordinatrices

Médecins

Personnel
Administrat

if

Accompagnant
spirituels

Diététiciennes

Logo-déglutition

Ergo-
thérapeutes

Neuro-
psychologues

Soins infirmiers

Care mgr.
Neuro-

oncologie

Service de 
Liaison

No Robotic rehabilitation
without an interdisciplinary team 



Perspective : robotic + rehabilitation by virtual reality

Rééducation par la réalité virtuelle S. Crottaz-Herbette, 
Laboratoire des sciences cognitives, CHUV, Lausanne 


