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Accident	  Vasculaire	  Cérébral

Zone	  de	  prénombre :	  Partie	  du	  cerveau	  directement	  affectée	  au	  cours	  d’un	  AVC

à EN	  l’absence	  d’intervention	  thérapeutique,	  une	  bonne	  part	  de	  cette	  zone	  finit	  par	  

se	  nécroser



Accident	  Vasculaire	  Cérébral

Effet	  à	  distance	  -‐ Diaschisis
Phénomène	  d’inhibition	  fonctionnelle	  d’une	  partie	  du	  cerveau	  située	  à	  distance	  de	  
la	  lésion

Par	  exemple,	  baisse	  de	  l'excitabilité	  dans	  les	  zones	  normalement	  activées	  par	  la	  zone	  lésée.	  
– cortex	  cérébral	  controlatéral	  (via	  le	  corps	  calleux)ou	  le	  cervelet	  controlatéral	  (via	  les	  pédoncules	  
cérébelleux).	  
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LA	  RÉCUPÉRATION	  APRÈS	  UN	  AVC





Après	  la	  destruction	  de	  neurones	  par	  un	  AVC,	  il	  y	  a	  deux	  manières	  principales	  de	  
récupérer	  une	  fonction	  perdue :	  

1) Faire	  exécuter	  la	  même	  fonction	  par	  d’autres	  neurones	  :	  De	  nouvelles	  zones	  
corticales	  controlatérales	  au	  début	  puis	  ultérieurement	  ipsilatérales et	  
périlésionnellesà	  la	  lésion,	  contribuent	  à	  la	  récupération	  neurologique	  

2) Obtenir	  le	  même	  résultat	  fonctionnel,	  mais	  par	  des	  voies	  physiologiques	  
différentes	  :	  c’est	  la	  compensation,	  complément	  indispensable	  à	  la	  
récupération	  lorsque	  celle-‐ci	  est	  insuffisante.



La	  récupération	  spontanée
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Les	  différentes	  formes	  de	  plasticité	  neurale



Les	  différentes	  formes	  de	  plasticité	  neurale

Démasquage	  de	  synapses	  inactives
Changements	  des	  effets	  modulateurs	  de	  connexions	  latérales	  



Les	  différentes	  formes	  de	  plasticité	  neurale

Renforcement	  /	  Affaiblissement	  synaptique



Les	  différentes	  formes	  de	  plasticité	  neurale

La	  synaptogenèse

Scanned by CamScanner





L'AVC	  expérimental	  chez	  les	  rats	  stimule	  la	  neurogenèse et	  la	  migration	  des	  neurones	  nouveaux-‐
nés de	  leurs	  sites	  d'origine	  dans	  les	  régions	  cérébrales	  ischémiques.

è Chez	  les	  patients	  post-‐AVC,	  les	  cellules	  qui	  expriment	  des	  marqueurs	  associés	  aux	  neurones	  
nouveau-‐nés	  sont	  présents	  dans	  la	  pénombre	  ischémique	  entourant	  les	  infarctus	  corticaux	  
cérébraux,	  où	  ces	  cellules	  sont	  localisées	  préférentiellement	  dans	  le	  voisinage	  des	  vaisseaux	  
sanguins.

è Ces	  résultats	  suggèrent	  que	  la	  neurogenèse compensatoire	  induite	  par	  un	  AVC	  peut	  se	  produire	  
dans	  le	  cerveau	  humain,	  où	  elle	  pourrait	  contribuer	  à	  la	  récupération	  post-‐ischémique	  et	  
représenter	  une	  cible	  pour	  la	  thérapie	  de	  l'AVC.
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B R I E F  COM M U N I C AT I O N S

The generation of neocortical neurons is restricted to development 
and these neurons are not renewed in adulthood in healthy humans1,2. 
However, some studies in animal models and humans have suggested 
that cortical ischemic stroke induces neurogenesis3–5 and neuronal 
DNA rearrangements6, which could contribute to the post-stroke 
recovery observed in surviving patients. We assessed, in post-mortem 
tissue from 20 stroke-affected individuals who died from non- 
neurological causes (Supplementary Table 1), whether cerebral 
ischemia induces neurogenesis, causes DNA rearrangement or triggers  
DNA repair in human neocortex.

To characterize DNA content alterations in neurons after ischemic 
stroke, we isolated neuronal nuclei from human healthy (n = 5) and 
ischemic cortical tissue (n = 10) by flow cytometry (Fig. 1a and 
Supplementary Figs. 1 and 2). DNA staining established that the 
vast majority of neuronal nuclei were diploid. However, there was a 
small population (<2%) of nuclei with a DNA content corresponding 
to a polyploid genome (Fig. 1b). Fluorescent in situ hybridization 
(FISH) analysis of isolated neuronal nuclei with probes for the centro-
some on chromosome 1, 7, 9 and 12 revealed, however, that all stroke 

tissue–derived neuronal nuclei (n = 100) from either the diploid or 
polyploid fraction showed only two FISH signals (Fig. 1c–e and data 
not shown). Thus, the neuronal nuclei of the polyploid fraction rep-
resent aggregates of diploid nuclei. Whole-genome sequencing did 
not detect any copy number variation in the neuronal population 
(n = 3; Supplementary Fig. 3). Although whole genome sequencing 
could not exclude the possibility of nonclonal copy number changes 
in single neurons, our data provide no evidence for aneuploidy or 
DNA content alterations of cortical neurons after ischemic stroke 
in humans.

To analyze whether ischemia induces genomic DNA fragmenta-
tion in neurons, which might be counteracted by endogenous DNA 
repair mechanisms7, we determined the degree of DNA breaks using  
the comet assay (Fig. 2a). Fluorescence activated cell sorting (FACS)-
isolated neuronal nuclei showed a significantly higher level (P = 0.012) 
of DNA fragmentation after acute/subacute ischemic cortical stroke 
as compared with healthy human cortex and chronic stroke lesions 
(Fig. 2b). Moreover, a substantial proportion (19–22%) of neurons 
in the penumbra 7–20 d after stroke (n = 3) showed an upregula-
tion of markers for DNA damage (double-strand breaks; Fig. 2c) and 
repair (base excision; Fig. 2d), which were not detected in healthy  
(n = 3) cortex tissue (transiently evident in mice8) or in chronic (n = 3)  
stroke lesions (Fig. 2e and Supplementary Fig. 4). Notably, DNA 
repair marker–positive neuronal nuclei in three cases of subacute 
cortical ischemic stroke did not express markers of apoptosis, such 
as cleaved caspase-3 (Supplementary Fig. 4). In humans, ischemia-
induced neuronal DNA repair has not been reported in non-apoptotic 
neurons and might be a prerequisite for neuronal survival.

Genomic rearrangements that may occur after neuronal DNA 
repair in response to fragmentation—similar to chromothripsis as 
described recently in tumor tissue9—can be detected by the presence 
of fused gene transcripts. Transcriptome analysis by RNA-sequencing 
of cortical tissue of six ischemic stroke patients and cortex samples of 
six non-stroke control subjects (matched for age and gender) provided 
no evidence for substantial gene fusion events in ischemic cortical 
tissue as compared with healthy cortex (Supplementary Table 2 and 
Supplementary Fig. 5). According to our data, cortical neurons sur-
viving ischemic stroke in humans did not exhibit substantial genomic 
rearrangements or translocations.

To assess the age of cortical cells after stroke, we determined the 
radiocarbon (14C) concentration in their genomes. Retrospective 14C 
dating has previously been established for birthdating of cells1,10 and 
to quantify the presence of neurogenesis11, or the lack thereof2,12. The 
14C concentration in the DNA of neurons of healthy occipital control 
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“The	  present	  data	  uncover	  that,	  contrary	  to	  some	  
experimental	  studies	  in	  animal	  models,	  the	  adult	  
human	  neocortex	  is	  incapable	  of	  regenerating	  
neurons,	  even	  in	  response	  to	  stroke.”	  
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DNA repair in human neocortex.

To characterize DNA content alterations in neurons after ischemic 
stroke, we isolated neuronal nuclei from human healthy (n = 5) and 
ischemic cortical tissue (n = 10) by flow cytometry (Fig. 1a and 
Supplementary Figs. 1 and 2). DNA staining established that the 
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“The	  present	  data	  uncover	  that,	  contrary	  to	  some	  
experimental	  studies	  in	  animal	  models,	  the	  adult	  
human	  neocortex	  is	  incapable	  of	  regenerating	  
neurons,	  even	  in	  response	  to	  stroke.”	  

l’AVC	  ischémique	  induit	  une	  neurogenèse ou	  des	  
réarrangements	  de	  l’ADN?	  

Neither was the	  case

Exploration	  de	  l’ADN	  neural:

à Peu	  de	  plasticité	  en	  terme	  de	  neurogenèse
à Une	  grande	  partie	  des	  neurones	  présentaient	  

une	  fragmentation	  et	  une	  réparation	  de	  l’ADN,	  
peu	  de	  temps	  après	  l’AVC

à Les	  neurones	  aux	  stades	  chroniques	  
présentaient	  intégrité	  de	  l’ADN



Les	  principes	  de	  la	  plasticité

- Remodelage	  axonal	  à	  grand	  échelle
- Changement	  d’anisotropie

- Synaptogenèse
- Neurogenèse
- ↗	  de	  la	  taille	  cellulaire
- ↗	  du	  liquide	   interstitiel	  ou	  du	  flux	  

sanguin



‘’	  Les	  futures	  études	  devraient	  se	  concentrer	  sur	  la	  compréhension	  des	  mécanismes	  
qui	  définissent	  la	  fenêtre	  temporelle	  critique	  de	  récupération	  fonctionnelle	  après	  un	  
AVC.	  

Une	  meilleure	  compréhension	  de	  la	  cinétique	  des	  mécanismes	  qui	  contribuent	  à	  la	  
récupération	  fonctionnelle,	  comme	  la	  plasticité,	  la	  levée	  de	  la	  diaschisis,	  et	  des	  
mécanismes	  comportementaux	  qui	  permettent	  des	  stratégies	  de	  compensation,	  
peut	  avoir	  un	  impact	  significatif	  sur	  la	  gestion	  de	  la	  réadaptation	  des	  patients.’’



Les	  différentes	  formes	  de	  plasticité	  neurale

Le	  réentraînement



Les	  différentes	  formes	  de	  plasticité	  neurale

Le	  réentraînement



Les	  différentes	  formes	  de	  plasticité	  neurale

La	  vicariance	  fonctionnelle



Les	  différentes	  formes	  de	  plasticité	  neurale

Augmentation	  du	  volume	  des	  faisceaux	  de	  substance	  blanche



Les	  différentes	  formes	  de	  plasticité	  neurale

Augmentation	  du	  volume	  des	  faisceaux	  de	  substance	  blanche

La	  récupération	  de	  l'aphasie	  

Pour	  les	  patients	  avec	  de	  grandes	  lésions	  de	  l'hémisphère	  gauche,	  la	  récupération	  à	  travers	  l'hémisphère	   droit	  peut	  être	  
la	  seule	  voie	  possible.
Les	  régions	  de	  l'hémisphère	  droit	  à rôle	  dans	  ce	  processus	  de	  récupération	  sont:

- Lobe	  temporal	  supérieur
- Lobe	  parétal
- Cortex	  moteur	  

Ces	  régions	  sont	  connectées	  réciproquement	   via	  un	  faisceau	  de	  fibres	  principales	  appelé	  le	  faisceau	  arqué	  (AF)

pas	  assez	  développé	  dans	  l'hémisphère	   droit	  non	  dominant

Objectif:	  Etudier	  l’effet	  d’une	  thérapie	  de	  la	  parole	  basée	  sur	  l’intonation	  avec	  75-‐80	  séances/	  jour	  sur	  les	  faisceaux	  de	  
la	  matière	  blanche,	  particulièrement	  (AF)



Les	  différentes	  formes	  de	  plasticité	  neurale

Augmentation	  du	  volume	  des	  faisceaux	  de	  substance	  blanche

Absolute and relative fiber number of the right arcuate fasciculus (AF) before (gray bars) and after therapy (black 
bars) in all 6 participants.

↗	  du	  nbr de	  fibres	  (AF)



Les	  différentes	  formes	  de	  plasticité	  neurale

Augmentation	  du	  volume	  des	  faisceaux	  de	  substance	  blanche

↗	  du	  volume	  (AF)



Les	  différentes	  formes	  de	  plasticité	  neurale

Réorganisation	  des	  cartes	  motrices	  corticales



Les	  différentes	  formes	  de	  plasticité	  neurale

Réorganisation	  des	  cartes	  motrices	  corticales

l’épaule	  et	  du	  coude









LA	  RESTAURATION	  PAR	  CHANGEMENT	  DE	  
STRATÉGIE



230 |  MARCH  2002 |  VOLUME 3 www.nature.com/reviews/neuro

R E V I EW S

similar to those seen after unilateral forelimb deaf-
ferentation in monkeys. Therefore, it seemed reason-
able to formulate a protocol that simply transferred
the techniques used in monkeys for overcoming
learned nonuse of a deafferented limb to humans who
had experienced a cerebrovascular accident19.

The protocol19 recommended both training of the
paretic arm and restraint of the contralateral arm. The
initial applications of CI movement therapy to humans
after stroke27–30 did not make use of the full protocol and,
although the results were promising, the treatment
effects were small. Taub and co-workers31 applied both
parts of the CI therapy protocol to the rehabilitation of
patients with a chronic upper extremity hemiparesis in a
study that emphasized the transfer of therapeutic gains
in the laboratory to the real-life situation.Patients with
chronic symptoms of stroke (more than four years on
average) were selected to participate, as the literature and
general clinical experience supported the view that
motor recovery usually reaches a plateau within one year
after stroke and is not amenable to further modification.

The participants wore a sling on their less affected
arm during 90% of their waking hours for 14 days.On
ten of those days, they received six hours of training of
their more affected arm. Control participants were told
that they had much greater movement of their more
affected limb than they were actually showing, were led
through a series of passive movement exercises in the
treatment centre, and were given passive movement
exercises to perform at home. The treated group showed
a significant increase in the skill or quality of movement,
as measured by two laboratory motor tests, and a much
larger increase in real-world arm use over the two-week
period.Moreover, they showed no decrease in real-world
arm use when tested two years after the treatment.
The control subjects showed no change or a decline in
real-life arm use over the same period.

These results (FIG. 2) have been confirmed in another
placebo-controlled experiment26, and further work has
indicated that there is a family of techniques that can be
used to overcome learned nonuse32–35. Although most of
the techniques involve constraining movement of the
less affected arm, two of them do not. The common fac-
tor seems to be repeatedly training the paretic arm. Any
technique that induces a patient to use an affected
extremity for many hours a day for a period of consecu-
tive weeks should be therapeutically efficacious. This
factor is likely to produce the use-dependent cortical
reorganization that was recently found to result from CI
therapy36–39 (see below), and is presumed to be the basis
of the long-term increase in the amount of use of the
more affected extremity.Mauritz and co-workers40,41

have also shown that repetitive practice is an important
factor in stroke rehabilitation.

The beneficial effect of CI therapy on the function-
ing of the upper extremities has been replicated in sev-
eral laboratories for the chronic symptoms of stroke42–45

and for acute symptoms in the period beginning 
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trial of CI therapy in the subacute period is now under-
way. At the University of Alabama at Birmingham,

produced an almost complete reversal of the motor dis-
ability, which progressed from total absence of the target
behaviour to very good (although not normal) perfor-
mance that transferred from the training to the free,
colony environment.

During the course of the past century, several other
investigators have found that a behavioural technique
can be used in animals to improve motor performance
substantially after neurological damage22–25. However,
none of these observations was embedded in a formal
theoretical context that allowed the formulation of pre-
dictions, nor was the generality of the mechanisms
clearly recognized. Consequently, these findings
remained a set of disconnected observations.

A possible mechanism: learned nonuse. Several converg-
ing lines of evidence indicate that nonuse of a single
deafferented limb is a learning phenomenon that
involves a behaviourally reinforced suppression of
movement known as ‘learned nonuse’. The restraint and
training techniques seem to be effective because they
overcome learned nonuse. The process by which this
phenomenon develops and can be overcome by an
appropriate behavioural method is shown in FIG. 1.

Applicability to humans after stroke. Given the general
applicability of the learned-nonuse formulation to
motor status after many types of neurological damage,
it was reasoned that the Constraint-Induced (CI)
Movement techniques that had been developed in
experiments with monkeys might represent an appro-
priate approach to the rehabilitation of motor disabil-
ity in humans after CNS injury. For example, stroke
often leaves patients with an apparently permanent
loss of function in an upper extremity, even though the
limb is not paralysed. Furthermore, the motor impair-
ment is preponderantly unilateral. These features are

Pre

0

1

2

3

4

5

6

7

Training Post 1-month f-up 1-yr f-up 2-yr f-up

Very
poor
use 

Almost
normal

CI-Konstanz

CI-UAB

UAB placebo control

Figure 2 | Constraint-Induced Movement therapy. Constraint-Induced (CI) Movement therapy

involves constraining the movement of the extremity that is less affected by cerebral nervous

system injury and, more importantly, ‘shaping’ the affected limb (an arm in this case) for many

hours a day for two or three consecutive weeks. The constraint, by a sling or a mitt, forces the

individual to make use of the more affected extremity. The quality or skill of the movements is

systematically improved by a shaping procedure. This method was derived from work with

monkeys that would not make use of a deafferented arm, but readily learned to use this extremity

either through shaping or when the constraining device prevented movements of the intact arm.

The data show a large increase in real-life arm use in a CI therapy group trained at the University

of Alabama at Birmingham (UAB), and the close replication of this result in a group treated at the

University of Konstanz. A placebo group that received a general fitness programme did not show

a significant change over time. (f-up, follow-up study.)
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the ventral roots remains intact.However,monkeys can
be induced to use the deafferented extremity by restrict-
ing movement of the intact limb continuously for a
period of days16,17. The monkey may not have used the
affected extremity for several years,but the application
of this simple technique results in a conversion of the
useless forelimb into a limb that is used for a wide vari-
ety of purposes for the rest of the animal’s life18,19. The
movements are not normal: they are clumsy because
somatic sensation has been abolished, but they are
extensive and effective. This can be considered as a 
substantial rehabilitation of movement.

Training procedures are another means of overcom-
ing the lack of use of a single deafferented limb in pri-
mates18. Transfer from the experimental to the real-life
situation was never observed when using CONDITIONED

RESPONSE TECHNIQUES to train limb use. But when the train-
ing technique termed SHAPING20,21 was used, there was
substantial improvement in the motor ability of the
deafferented limb in the real-life situation18. Shaping

mammalian CNS does have some capacity to reorganize
itself functionally after injury.At the level of the cerebral
cortex, this phenomenon is usually referred to as cortical
reorganization13,14. The question naturally arises as to
whether there is some relationship between the spon-
taneous recovery that occurs after CNS damage, and cor-
tical plasticity.Ultimately, we would like to know whether
this relationship could be manipulated to improve the
potential for recovering function, so that it would be
advantageous to a patient with neurological injury.A line
of research that begins with somatosensory deafferenta-
tion in monkeys and progresses to a new treatment for
humans after stroke and other types of neurological dam-
age can be viewed as a model for addressing this question.

From deafferentation to CI therapy
Basic research with monkeys. When somatic sensation is
surgically abolished from a single forelimb in a monkey,
the animal does not make use of it in the free situation15.
This is the case even though the motor outflow through
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Figure 1 | Development and overcoming of ‘learned nonuse’ of an upper extremity. a | Substantial neurological injury usually

leads to a substantial depression in motor and/or perceptual function. During this period, the subject cannot use the affected extremity

effectively. Attempts to use the affected limb generally lead to failure. These punishing consequences result in suppression of the use

of the limb (middle row). Moreover, the subject might manage reasonably well using only the uninvolved upper extremity, and is

therefore rewarded for this pattern of behaviour, which as a result is strengthened (bottom row). In addition, after stroke36,37, and

presumably after extremity deafferentation, there is a marked contraction in the size of the cortical representation of the limb. This

probably correlates with the report of patients with stroke that movement of that extremity is effortful (top row). These three processes

interact to produce a vicious downward spiral that results in ‘learned nonuse’ of the affected extremity, which is normally permanent. 

b | When appropriate techniques are applied, learned nonuse can be overcome. Training procedures can be used to reward patients

systematically for using the affected arm for a period of consecutive weeks. In addition, use of the uninvolved limb can be restricted,

such that the subject is rendered virtually helpless unless he/she tries to use the affected limb. Increased use of the limb leads to a

use-dependent enlargement of the cortical representation of the affected extremity36,37, which reduces the effort in using it and

provides a neural basis for the long-term retention of gains made in the laboratory or clinic. (CNS, central nervous system.)
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tical plasticity.Ultimately, we would like to know whether
this relationship could be manipulated to improve the
potential for recovering function, so that it would be
advantageous to a patient with neurological injury.A line
of research that begins with somatosensory deafferenta-
tion in monkeys and progresses to a new treatment for
humans after stroke and other types of neurological dam-
age can be viewed as a model for addressing this question.

From deafferentation to CI therapy
Basic research with monkeys. When somatic sensation is
surgically abolished from a single forelimb in a monkey,
the animal does not make use of it in the free situation15.
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Figure 1 | Development and overcoming of ‘learned nonuse’ of an upper extremity. a | Substantial neurological injury usually

leads to a substantial depression in motor and/or perceptual function. During this period, the subject cannot use the affected extremity

effectively. Attempts to use the affected limb generally lead to failure. These punishing consequences result in suppression of the use

of the limb (middle row). Moreover, the subject might manage reasonably well using only the uninvolved upper extremity, and is

therefore rewarded for this pattern of behaviour, which as a result is strengthened (bottom row). In addition, after stroke36,37, and

presumably after extremity deafferentation, there is a marked contraction in the size of the cortical representation of the limb. This

probably correlates with the report of patients with stroke that movement of that extremity is effortful (top row). These three processes

interact to produce a vicious downward spiral that results in ‘learned nonuse’ of the affected extremity, which is normally permanent. 

b | When appropriate techniques are applied, learned nonuse can be overcome. Training procedures can be used to reward patients

systematically for using the affected arm for a period of consecutive weeks. In addition, use of the uninvolved limb can be restricted,

such that the subject is rendered virtually helpless unless he/she tries to use the affected limb. Increased use of the limb leads to a

use-dependent enlargement of the cortical representation of the affected extremity36,37, which reduces the effort in using it and

provides a neural basis for the long-term retention of gains made in the laboratory or clinic. (CNS, central nervous system.)

Taub et	  al.,	  2002
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tion in monkeys and progresses to a new treatment for
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surgically abolished from a single forelimb in a monkey,
the animal does not make use of it in the free situation15.
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Figure 1 | Development and overcoming of ‘learned nonuse’ of an upper extremity. a | Substantial neurological injury usually

leads to a substantial depression in motor and/or perceptual function. During this period, the subject cannot use the affected extremity

effectively. Attempts to use the affected limb generally lead to failure. These punishing consequences result in suppression of the use

of the limb (middle row). Moreover, the subject might manage reasonably well using only the uninvolved upper extremity, and is

therefore rewarded for this pattern of behaviour, which as a result is strengthened (bottom row). In addition, after stroke36,37, and

presumably after extremity deafferentation, there is a marked contraction in the size of the cortical representation of the limb. This

probably correlates with the report of patients with stroke that movement of that extremity is effortful (top row). These three processes

interact to produce a vicious downward spiral that results in ‘learned nonuse’ of the affected extremity, which is normally permanent. 

b | When appropriate techniques are applied, learned nonuse can be overcome. Training procedures can be used to reward patients

systematically for using the affected arm for a period of consecutive weeks. In addition, use of the uninvolved limb can be restricted,

such that the subject is rendered virtually helpless unless he/she tries to use the affected limb. Increased use of the limb leads to a

use-dependent enlargement of the cortical representation of the affected extremity36,37, which reduces the effort in using it and

provides a neural basis for the long-term retention of gains made in the laboratory or clinic. (CNS, central nervous system.)
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Figure 1 | Development and overcoming of ‘learned nonuse’ of an upper extremity. a | Substantial neurological injury usually

leads to a substantial depression in motor and/or perceptual function. During this period, the subject cannot use the affected extremity

effectively. Attempts to use the affected limb generally lead to failure. These punishing consequences result in suppression of the use

of the limb (middle row). Moreover, the subject might manage reasonably well using only the uninvolved upper extremity, and is

therefore rewarded for this pattern of behaviour, which as a result is strengthened (bottom row). In addition, after stroke36,37, and

presumably after extremity deafferentation, there is a marked contraction in the size of the cortical representation of the limb. This

probably correlates with the report of patients with stroke that movement of that extremity is effortful (top row). These three processes

interact to produce a vicious downward spiral that results in ‘learned nonuse’ of the affected extremity, which is normally permanent. 

b | When appropriate techniques are applied, learned nonuse can be overcome. Training procedures can be used to reward patients

systematically for using the affected arm for a period of consecutive weeks. In addition, use of the uninvolved limb can be restricted,

such that the subject is rendered virtually helpless unless he/she tries to use the affected limb. Increased use of the limb leads to a

use-dependent enlargement of the cortical representation of the affected extremity36,37, which reduces the effort in using it and

provides a neural basis for the long-term retention of gains made in the laboratory or clinic. (CNS, central nervous system.)
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