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Le handicap invisible

En France: 12 millions de personnes en situation de 
handicap

Parmi elles, plus de 9 millions ont un handicap 
invisible

atteintes liées à une maladie invalidante 
(séquelles d’AVC, de TC, sclérose en plaques, 
fibromylagie...),trouble sensoriel, psychique, 
cognitif, mais aussi autisme, crises d'épilepsie, 
etc…

GROUPEMENT HOSPITALIER SUD 
Hôpital Henry Gabrielle 
20, Route de Vourles 
69230 Saint-Genis-Laval - France 

LE HANDICAP INVISIBLE 

Qu’est-ce que le handicap invisible ? 

Le handicap est une restriction de la 
participation à la vie en société liée à une 
limitation de certains activités.  
Il est souvent associé à une difficulté qui 
se voit comme le handicap moteur qui 
nécessite un fauteuil roulant. Pourtant, 
dans la majeure partie des cas (80%), le 
handicap est invisible et peut demander 
lui aussi la mise en place d’aménagements. 
 
Le handicap invisible peut être la 
conséquence de troubles cognitifs après 
une lésion ou un dysfonctionnement du 
cerveau.  

Quelles sont les difficultés rencontrées ? 

Je suis plus ralenti 
qu’avant 

Je ne trouve plus 
mes mots 

J’oublie plus 
qu’avant 

Je n’arrive pas à 
faire deux choses en 

même temps 

80% des handicaps sont invisibles  

RETENTISSEMENTS POUR SOI 
 

Le handicap invisible est peu reconnu 
par les autres et par soi même ce qui le 
rend difficile à vivre au quotidien et 
favorise le repli sur soi. L’une des 
répercussions peut être le manque de 
confiance et la faible estime de soi.  
D’autre part, la compensation des 
difficultés demande un effort constant 
ce qui entraine de la fatigue.  

RETENTISSEMENTS POUR 
L’ENTOURAGE 
 

Le handicap invisible étant méconnu, il 
conduit souvent à une 
incompréhension de la part de 
l’entourage.  Les apparences sont 
trompeuses car le proche semble en 
bonne santé alors que son handicap a 
des répercussions au quotidien ce qui 
peut entrainer des difficultés dans les 
relations avec les autres. 

Je m’énerve 
facilement 

Je suis fatigué 

Je n’arrive plus à 
m’organiser  

Je n’ai pas le moral Je n’ai envie de rien 
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Motif de consultation = 
plainte/difficulté cognitive

GROUPEMENT HOSPITALIER SUD 
Hôpital Henry Gabrielle 
20, Route de Vourles 
69230 Saint-Genis-Laval - France 

LE HANDICAP INVISIBLE 

Qu’est-ce que le handicap invisible ? 

Le handicap est une restriction de la 
participation à la vie en société liée à une 
limitation de certains activités.  
Il est souvent associé à une difficulté qui 
se voit comme le handicap moteur qui 
nécessite un fauteuil roulant. Pourtant, 
dans la majeure partie des cas (80%), le 
handicap est invisible et peut demander 
lui aussi la mise en place d’aménagements. 
 
Le handicap invisible peut être la 
conséquence de troubles cognitifs après 
une lésion ou un dysfonctionnement du 
cerveau.  

Quelles sont les difficultés rencontrées ? 

Je suis plus ralenti 
qu’avant 

Je ne trouve plus 
mes mots 

J’oublie plus 
qu’avant 

Je n’arrive pas à 
faire deux choses en 

même temps 

80% des handicaps sont invisibles  

RETENTISSEMENTS POUR SOI 
 

Le handicap invisible est peu reconnu 
par les autres et par soi même ce qui le 
rend difficile à vivre au quotidien et 
favorise le repli sur soi. L’une des 
répercussions peut être le manque de 
confiance et la faible estime de soi.  
D’autre part, la compensation des 
difficultés demande un effort constant 
ce qui entraine de la fatigue.  

RETENTISSEMENTS POUR 
L’ENTOURAGE 
 

Le handicap invisible étant méconnu, il 
conduit souvent à une 
incompréhension de la part de 
l’entourage.  Les apparences sont 
trompeuses car le proche semble en 
bonne santé alors que son handicap a 
des répercussions au quotidien ce qui 
peut entrainer des difficultés dans les 
relations avec les autres. 

Je m’énerve 
facilement 

Je suis fatigué 

Je n’arrive plus à 
m’organiser  

Je n’ai pas le moral Je n’ai envie de rien 

Comment s’exprime cette plainte?
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Motif de consultation = 
plainte de l’entourage

Comment s’exprime cette plainte?

Dans le cadre du milieu professionnel
Ex: comportement inadapté, 
moindre efficience, erreurs

Dans le cadre du milieu familial
Ex: irritabilité, comportement 
inadapté, émoussement des affects 
et des réactions émotionnelles, 
conduites à risque…



6



BNP
évaluation écologique

sommeil
humeur
anxiété

comportement
émotions

cognition sociale

fatigue/fatigabilité

traitement(s)

autres déficits 
neurologiques associés

FACTEURS
ENVIRONNEMENTAUX

FACTEURS
PERSONNELS

âge, sexe, 
condition physique

individuels 
sociétaux 
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Une évaluation globale: pour quoi?
Pour spécifier la plainte
Pour préciser des déficits objectifs éventuels
Pour préciser les capacités préservées
Pour évaluer les facteurs associés et leur poids
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Les fonctions cognitives

Atteintes cognitives: 
facteur majeur de dépendance 
dans le cadre de la pathologie 
neurologique acquise

Evaluer aussi facteurs confondants/modulateurs
Plainte mnésique, cognitive

Gêne fonctionnelle
Humeur

Métacognition - Impaired self awareness

HANDICAP INVISIBLE
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Auto-évaluation des difficultés cognitives
Echelle de Mc Nair Kahn 

MAC NAIR version GRECO consensuelle© 1 

POUR EVALUER LA PLAINTE MNÉSIQUE 
Échelle d'auto-évaluation des difficultés cognitives 

(Mc Nair Kahn- version française consensuelle GRECO©) 
Voici une liste de difficultés que chacun peut rencontrer dans la vie quotidienne. Proposez à 
vos patients de s’auto évaluer: 
 “ Mettez une croix dans la colonne correspondant à la fréquence avec laquelle vous avez 
rencontré ces difficultés dans les 3 dernières semaines”. 
  
 

 0.
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1. J'ai des difficultés à me souvenir des numéros de 
téléphone familiers 
 

     

2. J'oublie où j'ai posé mes lunettes, mes clefs, mon 
porte-monnaie, mes papiers  
 

     

3. Quand je suis interrompu (e) dans une lecture, j'ai du 
mal à retrouver où j'en étais 
 

     

4. Quand je fais des courses, j'ai besoin d'une liste écrite 
 

     

5. J'oublie des rendez-vous, des réunions, ou des 
engagements 
 

     

6. J'oublie de téléphoner quand on m'a demandé de 
rappeler 
 

     

7. J'ai du mal à mettre une clef dans la serrure 
 

     

8. J'oublie en cours de route des courses que je voulais 
faire 
 

     

9. J'ai du mal à me rappeler le nom des gens que je 
connais 
 

     

10. J'ai du mal à rester concentré sur un travail ou une 
occupation 
 

     

11. J'ai du mal à raconter une émission que je viens de 
voir à la télévision 
 

     

12. J'ai du mal à exprimer clairement ce que je veux dire 
 

     

13. Je n'arrive pas à reconnaître des gens que je connais 
 

     

Mémoire
auto-évaluation

	 70	

Annexe	2	:	Questionnaire	de	MacNair	Kahn	

	
	
	
	

Nom, Prénom : Date : 

Questionnaire de difficultés cognitives de Mac Nair (39 items) 

Voici une liste de difficultés que chacun peut rencontrer dans la vie quotidienne. Lisez attentivement 

chacune des propositions numérotées de 1 à 39 et mettez une croix dans la case correspondant à ce que 

vous avez ressenti au cours des 3 dernières semaines. 

Il peut être intéressant de faire remplir votre questionnaire par une autre personne (conjoint ou enfant 

par exemple) pour comparer les évaluations. 

Questions 

Ja
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1 J'ai des difficultés à me souvenir des numéros de téléphone familiers      

2 J'oublie où j'ai posé mes lunettes, mes clefs, mon porte-monnaie, mes papiers      

3 Quand je suis interrompu(e) dans une lecture, j'ai du mal à retrouver où j'en étais      

4 Quand je fais des courses, j'ai besoin d'une liste écrite      

5 J'oublie des rendez-vous, des réunions, ou des engagements      

6 J'oublie de téléphoner quand on m'a demandé de rappeler      

7 J'ai du mal à mettre une clef dans la serrure      

8 J'oublie en cours de route des courses que je voulais faire      

9 J'ai du mal à me rappeler le nom des gens que je connais      

10 J'ai du mal à rester concentré sur un travail ou une occupation      

11 J'ai du mal à raconter une émission que je viens de voir à la télévision      

12 J'ai du mal à exprimer clairement ce que je veux dire      

13 Je n'arrive pas à reconnaître des gens que je connais      

14 Il m'arrive d'avoir un mot sur le bout de la langue et de ne pas pouvoir le sortir      

15 J'ai du mal à retrouver le nom des objets      

16 J'ai du mal à comprendre ce que je lis      

17 J'ai du mal à suivre la conversation des autres      

18 J'oublie le nom des gens juste après qu'ils m'ont été présentés      
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Auto-évaluation des difficultés cognitives et de leur retentissement
Questionnaire de Réintégration à la Vie Normale

Mémoire
auto-évaluation
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Auto-évaluation de la plainte cognitive et de la gêne induite ressentie
Questionnaire de la FACT-Cog

Plainte cognitive
auto-évaluation

FACT-Cog 
 

Nom : ________________        Prénom: ________________      Date: ___ / ___ / ________ 

  

 
Vous trouverez ci-dessous une liste de commentaires que d’autres personnes ayant votre problème de 
santé spécifique ont jugés importants. Veuillez indiquer votre réponse en entourant un seul chiffre par 
ligne et en tenant compte des 7 derniers jours. 
 

 

DÉFICIENCES COGNITIVES PERÇUES 
PAR LE (LA) PATIENT(E) 

Jamais Environ 
une fois 

par 
semaine 

Deux à 
trois fois 

par 
semaine 

Presque 
tous les 
jours 

Plusieurs 
fois par 

jour 

CogA1 J’ai eu du mal à construire mes pensées ................................. 0 
 

0 1 2 3 4 

CogA3 Ma pensée a été lente ............................................................. 0 
 

0 1 2 3 4 

CogC7 J’ai eu du mal à me concentrer ............................................... 0 
 

0 1 2 3 4 

CogM9 J’ai eu du mal à trouver mon chemin pour me 
rendre dans un endroit familier .............................................. 0 
 

0 1 2 3 4 

CogM10 J’ai eu du mal à me souvenir de l’endroit où 
j’avais mis des choses, comme mes clés ou mon 
portefeuille ............................................................................. 0 
 

 
 

0 

 
 

1 

 
 

2 

 
 

3 

 
 
4 

CogM12 J’ai eu du mal à me souvenir d’informations 
nouvelles, comme des numéros de téléphone ou 
des instructions simples ..........................................................  
 

0 1 2 3 4 

CogV13 J’ai eu du mal à me rappeler du nom d’un objet 
alors que j’étais en train de parler à quelqu’un ......................  0 1 2 3 4 

CogV15 J’ai eu du mal à trouver le(s) mot(s) juste(s) 
pour m’exprimer ..................................................................... 0 
 

0 1 2 3 4 

CogV16 J’ai utilisé un mauvais mot pour désigner un 
objet ........................................................................................ 0 
 

0 1 2 3 4 

CogV17b J’ai eu du mal à exprimer ce que je voulais dire 
dans mes conversations avec d’autres personnes ................... 0 
 

0 1 2 3 4 

CogF19 Je suis entré(e) dans une pièce et j’ai oublié ce 
que j’avais l’intention d’y prendre ou d’y faire ...................... 0 
 

0 1 2 3 4 

CogF23 J’ai dû faire de gros efforts pour être  
attentif(-ve), sinon je faisais des erreurs ................................. 0 
 

0 1 2 3 4 

CogF24 J’ai oublié le nom de personnes peu de temps 
après qu’on me les ait présentées ........................................... 0 
 

0 1 2 3 4 

FACT-Cog 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Score global /132
PCI /72
Oth /16
PCA /28
QoL /16
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Humeur état thymique
auto-évaluation

Auto-évaluation de l’état anxieux et dépressif
Echelle HAD

Outil associé à la recommandation de bonne pratique « Arrêt de la consommation de tabac : du dépistage individuel au 
maintien de l’abstinence » 

HAS / Service des bonnes pratiques professionnelles / octobre 2014 
© Haute Autorité de Santé – 2014 
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Échelle HAD : Hospital Anxiety and Depression scale 
L’échelle HAD est un instrument qui permet de dépister les troubles anxieux et dépressifs. Elle comporte 14 items cotés 
de 0 à 3. Sept questions se rapportent à l’anxiété (total A) et sept autres à la dimension dépressive (total D), permettant 
ainsi l’obtention de deux scores (note maximale de chaque score = 21).  
 
 
1. Je me sens tendu(e) ou énervé(e)  

- La plupart du temps   3  
- Souvent    2  
- De temps en temps  1  
- Jamais    0  

 
2. Je prends plaisir aux mêmes choses 
qu’autrefois  

- Oui, tout autant   0  
- Pas autant    1  
- Un peu seulement   2  
- Presque plus  3  

 
3. J’ai une sensation de peur comme si quelque 
chose d’horrible allait m’arriver  

- Oui, très nettement    3  
- Oui, mais ce n’est pas trop grave  2  
- Un peu, mais cela ne m’inquiète pas  1  
- Pas du tout     0  

 
4. Je ris facilement et vois le bon côté des choses  

- Autant que par le passé  0  
- Plus autant qu’avant  1  
- Vraiment moins qu’avant  2  
- Plus du tout   3  

 
5. Je me fais du souci  

- Très souvent   3  
- Assez souvent   2  
- Occasionnellement   1  
- Très occasionnellement 0  

 
6. Je suis de bonne humeur  

- Jamais    3  
- Rarement    2  
- Assez souvent   1  
- La plupart du temps  0  

 
7. Je peux rester tranquillement assis(e) à ne rien 
faire et me sentir décontracté(e)  

- Oui, quoi qu’il arrive   0  
- Oui, en général   1  
- Rarement    2  
- Jamais    3  

 
8. J’ai l’impression de fonctionner au ralenti  

- Presque toujours   3  
- Très souvent   2  
- Parfois    1  
- Jamais    0  

 
9. J’éprouve des sensations de peur et j’ai 
l’estomac noué 

- Jamais    0  
- Parfois   1  
- Assez souvent   2  
- Très souvent   3  

 
10. Je ne m’intéresse plus à mon apparence  

- Plus du tout   3  
- Je n’y accorde pas autant d’attention que je 

devrais    2  
- Il se peut que je n’y fasse plus autant attention  

   1  
- J’y prête autant d’attention que par le passé  

   0  
 
11. J’ai la bougeotte et n’arrive pas à tenir en 
place  

- Oui, c’est tout à fait le cas   3  
- Un peu     2  
- Pas tellement    1  
- Pas du tout    0  

 
12. Je me réjouis d’avance à l’idée de faire 
certaines choses  

- Autant qu’avant    0  
- Un peu moins qu’avant   1  
- Bien moins qu’avant   2  
- Presque jamais    3  

 
13. J’éprouve des sensations soudaines de 
panique  

- Vraiment très souvent   3  
- Assez souvent    2  
- Pas très souvent    1  
- Jamais     0  

 
14. Je peux prendre plaisir à un bon livre ou à une 
bonne émission de radio ou de télévision  

- Souvent     0  
- Parfois     1  
- Rarement     2  
- Très rarement    3  

 
 

Outil associé à la recommandation de bonne pratique « Arrêt de la consommation de tabac : du dépistage 
individuel au maintien de l’abstinence » 

HAS / Service des bonnes pratiques professionnelles / octobre 2014 
© Haute Autorité de Santé – 2014 
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Scores 
Additionnez les points des réponses : 1, 3, 5, 7, 9, 11, 13 : Total A = _______  
Additionnez les points des réponses : 2, 4, 6, 8, 10, 12, 14 : Total D = _______  
 
Interprétation 
Pour dépister des symptomatologies anxieuses et dépressives, l’interprétation suivante peut être proposée pour 
chacun des scores (A et D) :  
- 7 ou moins : absence de symptomatologie  
- 8 à 10 : symptomatologie douteuse – 11 et plus : symptomatologie certaine.  
 
Selon les résultats, il sera peut-être nécessaire de demander un avis spécialisé. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
________________________________________ 
 
Références 
• Zigmond A.S., Snaith R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand., 1983, 67, 361-370. 

Traduction française : J.F. Lépine. 
• « L’évaluation clinique standardisée en psychiatrie » sous la direction de J.D. Guelfi, éditions Pierre Fabre. Présentée 

également dans : Pratiques médicales et thérapeutiques, avril 2000, 2, 31. 
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Métacognition – Impaired Self Awareness
auto-évaluation

Auto-évaluation /croyances concernant ses pensées
Echelle MCQ-30

SHORT FRENCH META-COGNITIONS QUESTIONNAIRE (MCQ-30) 
Auteurs : Dethier, V., Heeren, A., Bouvard, M., Baeyens, C., & Philippot, P 

 
Nous sommes intéressés par les croyances que les gens ont concernant leurs pensées. Vous 

trouverez ci-dessous un certain nombre de croyances ; veuillez lire chacune de ces croyances et 
indiquer dans quelle mesure vous êtes en général d’accord, en entourant la réponse appropriée. 

Veuillez répondre à toutes les phrases, il n’y a pas de bonnes ou de mauvaises réponses. 

 

  Pas 
d’accord 

Légèrement 
d’accord 

Assez 
d’accord 

Tout à 
fait 

d’accord 
1 Le fait de m’inquiéter m’aide à éviter des 

problèmes qui pourraient survenir. 
1 2 3 4 

2 Le fait de m’inquiéter est dangereux pour moi. 1 2 3 4 

3 Je réfléchis beaucoup sur mes pensées. 1 2 3 4 

4 Le fait de m’inquiéter pourrait me rendre malade. 1 2 3 4 

5 Je suis conscient(e) de la façon dont mon esprit 
fonctionne quand j’examine un problème en détail. 

1 2 3 4 

6 Si je ne contrôlais pas une pensée inquiétante et 
puis qu’elle arrivait, je considérerais que c’est de 
ma faute. 

1 2 3 4 

7 J’ai besoin de me tracasser pour rester organisé(e). 1 2 3 4 

8 J’ai peu confiance en ma mémoire pour les mots et 
pour les noms. 

1 2 3 4 

9 Mes inquiétudes persistent, malgré mes tentatives 
de les arrêter. 

1 2 3 4 

10 L’inquiétude m’aide à mettre de l’ordre dans ma 
tête. 

1 2 3 4 

11 Je ne peux pas ignorer mes inquiétudes. 1 2 3 4 

12 Je surveille mes pensées. 1 2 3 4 

13 Je devrais garder en permanence le contrôle sur 
mes pensées 

1 2 3 4 

14 Ma mémoire peut parfois m’induire en erreur. 1 2 3 4 

15 Mon inquiétude pourrait me rendre fou (folle). 1 2 3 4 

Correction 

 Positive 
Beliefs 

 Beliefs about 
uncontrollability 
and danger 

 Cognitive 
Confidence 

 Beliefs 
related to 
Superstition, 
Punishment 
and 
Responsibility 

 Cognitive 
Self-
Consciousness 

 

Item 1  2  8  6  3  
 7  4  14  13  5  
 10  9  17  20  12  
 19  11  25  21  16  
 24  15  27  23  18  
 28  22  29  26  30  

 

Pas d’items inversés 

Article de validation : 

Dethier, V., Heeren, A, Bouvard, M., Baeyens, C., & Philippot, P. (2017). Embracing the structure of 
metacognitive beliefs: Validation of the french short version of the Metacognitions 
Questionnaire. International Journal of Cognitive Therapy, 10 (3), 219-233. 

Plus d’informations sur http://uclep.be 
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Métacognition – Impaired Self Awareness
auto-évaluation

Auto-évaluation (hétéro-évaluation possible)
PCRS         AQ

n=17n=30
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Une évaluation globale: pour quoi?
Pour spécifier la plainte
Pour préciser des déficits objectifs éventuels
Pour préciser les capacités préservées
Pour évaluer les facteurs associés et leur poids

Niveau 1: consultation

Niveau 2: Bilan HJ

PEC
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Evaluer: niveau 1 en consultation
Pour spécifier la plainte
Pour préciser des déficits objectifs éventuels
Pour préciser les capacités préservées
Pour évaluer les facteurs associés et leur poids
Pour donner de l’information+++

« Ni tout à fait le même, ni tout à fait un autre » 
 

Guide sur les modifications de comportement 
après un traumatisme crânien grave 

Vous accompagnez une personne ayant un traumatisme crânien grave. 
Son comportement a peut-être changé, vous vous interrogez sur sa 
personnalité et ses réactions ? Manque d’initiative, irritabilité, violence 
verbale et/ou physique, désinhibition, défaut de jugement, absence 
d’empathie… 

Après un traumatisme crânien, tous ces comportements peuvent arriver, ils 
sont dus aux lésions du cerveau qui peuvent entrainer : 

Ce guide a été élaboré dans le cadre de la recherche « Troubles comportementaux 
post-traumatiques : analyse et valorisation de l'expertise d'usage des proches » 
dont les partenaires sont :  

To
us

 c
es

 f
ac

te
ur

s 
so

nt
 in

tr
iq

ué
s 

fatigabilité  

problèmes de mémoire et les autres « troubles cognitifs* » 

perte des repères temporo-spatiaux 

difficulté à reconnaître et exprimer ses émotions, 

difficulté à comprendre l’autre  

non conscience des troubles
 (anosognosie) 

dépression, angoisse 

difficulté à supporter les ambiances 
bruyantes... 

Le blessé a besoin 
d’un environnement 

et d’un entourage, à la 
fois stimulants, calmes 

et rassurants. 

 



Evaluer: niveau 1 en consultation
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MOCA

SDMT

FACT-Cog

HAD

Outil associé à la recommandation de bonne pratique « Arrêt de la consommation de tabac : du dépistage individuel au 
maintien de l’abstinence » 

HAS / Service des bonnes pratiques professionnelles / octobre 2014 
© Haute Autorité de Santé – 2014 
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Échelle HAD : Hospital Anxiety and Depression scale 
L’échelle HAD est un instrument qui permet de dépister les troubles anxieux et dépressifs. Elle comporte 14 items cotés 
de 0 à 3. Sept questions se rapportent à l’anxiété (total A) et sept autres à la dimension dépressive (total D), permettant 
ainsi l’obtention de deux scores (note maximale de chaque score = 21).  
 
 
1. Je me sens tendu(e) ou énervé(e)  

- La plupart du temps   3  
- Souvent    2  
- De temps en temps  1  
- Jamais    0  

 
2. Je prends plaisir aux mêmes choses 
qu’autrefois  

- Oui, tout autant   0  
- Pas autant    1  
- Un peu seulement   2  
- Presque plus  3  

 
3. J’ai une sensation de peur comme si quelque 
chose d’horrible allait m’arriver  

- Oui, très nettement    3  
- Oui, mais ce n’est pas trop grave  2  
- Un peu, mais cela ne m’inquiète pas  1  
- Pas du tout     0  

 
4. Je ris facilement et vois le bon côté des choses  

- Autant que par le passé  0  
- Plus autant qu’avant  1  
- Vraiment moins qu’avant  2  
- Plus du tout   3  

 
5. Je me fais du souci  

- Très souvent   3  
- Assez souvent   2  
- Occasionnellement   1  
- Très occasionnellement 0  

 
6. Je suis de bonne humeur  

- Jamais    3  
- Rarement    2  
- Assez souvent   1  
- La plupart du temps  0  

 
7. Je peux rester tranquillement assis(e) à ne rien 
faire et me sentir décontracté(e)  

- Oui, quoi qu’il arrive   0  
- Oui, en général   1  
- Rarement    2  
- Jamais    3  

 
8. J’ai l’impression de fonctionner au ralenti  

- Presque toujours   3  
- Très souvent   2  
- Parfois    1  
- Jamais    0  

 
9. J’éprouve des sensations de peur et j’ai 
l’estomac noué 

- Jamais    0  
- Parfois   1  
- Assez souvent   2  
- Très souvent   3  

 
10. Je ne m’intéresse plus à mon apparence  

- Plus du tout   3  
- Je n’y accorde pas autant d’attention que je 

devrais    2  
- Il se peut que je n’y fasse plus autant attention  

   1  
- J’y prête autant d’attention que par le passé  

   0  
 
11. J’ai la bougeotte et n’arrive pas à tenir en 
place  

- Oui, c’est tout à fait le cas   3  
- Un peu     2  
- Pas tellement    1  
- Pas du tout    0  

 
12. Je me réjouis d’avance à l’idée de faire 
certaines choses  

- Autant qu’avant    0  
- Un peu moins qu’avant   1  
- Bien moins qu’avant   2  
- Presque jamais    3  

 
13. J’éprouve des sensations soudaines de 
panique  

- Vraiment très souvent   3  
- Assez souvent    2  
- Pas très souvent    1  
- Jamais     0  

 
14. Je peux prendre plaisir à un bon livre ou à une 
bonne émission de radio ou de télévision  

- Souvent     0  
- Parfois     1  
- Rarement     2  
- Très rarement    3  

 
 

FACT-Cog 
 

Nom : ________________        Prénom: ________________      Date: ___ / ___ / ________ 

  

 
Vous trouverez ci-dessous une liste de commentaires que d’autres personnes ayant votre problème de 
santé spécifique ont jugés importants. Veuillez indiquer votre réponse en entourant un seul chiffre par 
ligne et en tenant compte des 7 derniers jours. 
 

 

DÉFICIENCES COGNITIVES PERÇUES 
PAR LE (LA) PATIENT(E) 

Jamais Environ 
une fois 

par 
semaine 

Deux à 
trois fois 

par 
semaine 

Presque 
tous les 
jours 

Plusieurs 
fois par 

jour 

CogA1 J’ai eu du mal à construire mes pensées ................................. 0 
 

0 1 2 3 4 

CogA3 Ma pensée a été lente ............................................................. 0 
 

0 1 2 3 4 

CogC7 J’ai eu du mal à me concentrer ............................................... 0 
 

0 1 2 3 4 

CogM9 J’ai eu du mal à trouver mon chemin pour me 
rendre dans un endroit familier .............................................. 0 
 

0 1 2 3 4 

CogM10 J’ai eu du mal à me souvenir de l’endroit où 
j’avais mis des choses, comme mes clés ou mon 
portefeuille ............................................................................. 0 
 

 
 
0 

 
 
1 

 
 
2 

 
 

3 

 
 
4 

CogM12 J’ai eu du mal à me souvenir d’informations 
nouvelles, comme des numéros de téléphone ou 
des instructions simples ..........................................................  
 

0 1 2 3 4 

CogV13 J’ai eu du mal à me rappeler du nom d’un objet 
alors que j’étais en train de parler à quelqu’un ......................  0 1 2 3 4 

CogV15 J’ai eu du mal à trouver le(s) mot(s) juste(s) 
pour m’exprimer ..................................................................... 0 
 

0 1 2 3 4 

CogV16 J’ai utilisé un mauvais mot pour désigner un 
objet ........................................................................................ 0 
 

0 1 2 3 4 

CogV17b J’ai eu du mal à exprimer ce que je voulais dire 
dans mes conversations avec d’autres personnes ................... 0 
 

0 1 2 3 4 

CogF19 Je suis entré(e) dans une pièce et j’ai oublié ce 
que j’avais l’intention d’y prendre ou d’y faire ...................... 0 
 

0 1 2 3 4 

CogF23 J’ai dû faire de gros efforts pour être  
attentif(-ve), sinon je faisais des erreurs ................................. 0 
 

0 1 2 3 4 

CogF24 J’ai oublié le nom de personnes peu de temps 
après qu’on me les ait présentées ........................................... 0 
 

0 1 2 3 4 

FACT-Cog 
 

Nom : ________________        Prénom: ________________      Date: ___ / ___ / ________ 

  

 
Vous trouverez ci-dessous une liste de commentaires que d’autres personnes ayant votre problème de 
santé spécifique ont jugés importants. Veuillez indiquer votre réponse en entourant un seul chiffre par 
ligne et en tenant compte des 7 derniers jours. 
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Jamais Environ 
une fois 

par 
semaine 

Deux à 
trois fois 

par 
semaine 

Presque 
tous les 
jours 

Plusieurs 
fois par 

jour 

CogA1 J’ai eu du mal à construire mes pensées ................................. 0 
 

0 1 2 3 4 

CogA3 Ma pensée a été lente ............................................................. 0 
 

0 1 2 3 4 

CogC7 J’ai eu du mal à me concentrer ............................................... 0 
 

0 1 2 3 4 

CogM9 J’ai eu du mal à trouver mon chemin pour me 
rendre dans un endroit familier .............................................. 0 
 

0 1 2 3 4 

CogM10 J’ai eu du mal à me souvenir de l’endroit où 
j’avais mis des choses, comme mes clés ou mon 
portefeuille ............................................................................. 0 
 

 
 
0 

 
 

1 

 
 
2 

 
 

3 

 
 
4 

CogM12 J’ai eu du mal à me souvenir d’informations 
nouvelles, comme des numéros de téléphone ou 
des instructions simples ..........................................................  
 

0 1 2 3 4 

CogV13 J’ai eu du mal à me rappeler du nom d’un objet 
alors que j’étais en train de parler à quelqu’un ......................  0 1 2 3 4 

CogV15 J’ai eu du mal à trouver le(s) mot(s) juste(s) 
pour m’exprimer ..................................................................... 0 
 

0 1 2 3 4 

CogV16 J’ai utilisé un mauvais mot pour désigner un 
objet ........................................................................................ 0 
 

0 1 2 3 4 

CogV17b J’ai eu du mal à exprimer ce que je voulais dire 
dans mes conversations avec d’autres personnes ................... 0 
 

0 1 2 3 4 

CogF19 Je suis entré(e) dans une pièce et j’ai oublié ce 
que j’avais l’intention d’y prendre ou d’y faire ...................... 0 
 

0 1 2 3 4 

CogF23 J’ai dû faire de gros efforts pour être  
attentif(-ve), sinon je faisais des erreurs ................................. 0 
 

0 1 2 3 4 

CogF24 J’ai oublié le nom de personnes peu de temps 
après qu’on me les ait présentées ........................................... 0 
 

0 1 2 3 4 

FACT-Cog 

 

Veuillez indiquer votre réponse en entourant un seul chiffre par ligne et en tenant compte des  
7 derniers jours. 
 

  Jamais Environ 
une fois 

par 
semaine 

Deux à 
trois 

fois par 
semaine 

Presque 
tous les 
jours 

Plusieurs 
fois par 

jour 

CogF25 Mes réactions dans des situations de la vie de 
tous les jours ont été lentes ..................................................... 0 
 

0 1 2 3 4 

CogC31 J’ai dû faire plus d’efforts que d’habitude pour 
garder le fil de ce que je faisais ............................................... 0 
 

0 1 2 3 4 

CogC32 Ma pensée a été plus lente que d’habitude .............................  0 1 2 3 4 

CogC33a J’ai dû faire plus d’efforts que d’habitude pour 
m’exprimer clairement ............................................................ 0 
 

0 1 2 3 4 

CogC33c J’ai dû avoir recours à des listes écrites plus 
souvent que d’habitude pour ne pas oublier des 
choses ......................................................................................  
 

0 1 2 3 4 

CogMT1 J’ai du mal à garder le fil de ce que je fais si on 
m’interrompt ........................................................................... 0 
 

0 1 2 3 4 

CogMT2 J’ai du mal à faire des allers-retours entre 
différentes activités qui demandent de la 
réflexion .................................................................................. 0 
 

0 1 2 3 4 
 
 
Veuillez indiquer votre réponse en entourant un seul chiffre par ligne et en tenant compte des  
7 derniers jours. 
 

 
 
 

COMMENTAIRES D’AUTRES 
PERSONNES 

Jamais Environ 
une fois 

par 
semaine 

Deux à 
trois 

fois par 
semaine 

Presque 
tous les 
jours 

Plusieurs 
fois par 

jour 

CogO1 Des personnes m’ont dit que je semblais avoir du 
mal à me souvenir d’informations .......................................... 0 
 

0 1 2 3 4 

CogO2 Des personnes m’ont dit que je semblais avoir du 
mal à parler clairement ........................................................... 0 
 

0 1 2 3 4 

CogO3 Des personnes m’ont dit que je semblais avoir du 
mal à penser clairement .......................................................... 0 
 

0 1 2 3 4 

CogO4 Des personnes m’ont dit que je semblais avoir 
l’esprit confus ..................................................................  
 

 
0 

 
1 

 
2 

 
3 

 
4 

FACT-Cog 

 

Veuillez indiquer votre réponse en entourant un seul chiffre par ligne et en tenant compte des  
7 derniers jours. 

 

 
 
Veuillez indiquer votre réponse en entourant un seul chiffre par ligne et en tenant compte des  
7 derniers jours. 
 

 

IMPACT SUR LA QUALITÉ DE VIE 
Pas du 

tout 
Un  
peu 

Moyen-
nement 

Beau-
coup 

Énormé-
ment 

CogQ35 Ces problèmes m’ont contrarié(e)  ......................................... 0 
 

0 1 2 3 4 

CogQ37 Ces problèmes ont perturbé ma capacité à travailler .............. 0 
 0 1 2 3 4 

CogQ38 Ces problèmes ont perturbé ma capacité à faire des 
choses que j’aime .................................................................... 0 
 

0 1 2 3 4 

CogQ41 Ces problèmes ont perturbé ma qualité de vie ........................ 0 
 

0 1 2 3 4 

 

 
APTITUDES COGNITIVES PERÇUES PAR  
LE (LA) PATIENT(E) 

Pas du 
tout 

Un  
peu 

Moyen-
nement 

Beau-
coup 

Énormé-
ment 

 

CogPC1 J’ai été capable de me concentrer ..................................................  0 1 2 3 4 

CogPV1 J’ai été capable de trouver les mots que je voulais 
utiliser en parlant à quelqu’un .......................................................  

 
0 

 
1 

 
2 

 
3 

 
4 

CogPM
1 

J’ai été capable de me souvenir de choses, comme de 
l’endroit où j’avais laissé mes clés ou mon portefeuille ................  

 
0 

 
1 

 
2 

 
3 

 
4 

CogPM
2 

J’ai été capable de me souvenir de faire des choses, 
comme prendre mes médicaments ou acheter ce dont 
j’avais besoin .................................................................................  

 
 
0 

 
 

1 

 
 

2 

 
 
3 

 
 
4 

CogPF1 Je suis capable d’être attentif(-ive) et de garder le fil 
de ce que je suis en train de faire sans effort 
supplémentaire ...............................................................................  

 
 
0 

 
 

1 

 
 

2 

 
 
3 

 
 
4 

CogPC
H1 Mon esprit est aussi vif qu’il l’a toujours été ................................  0 1 2 3 4 

CogPC
H2 Ma mémoire est aussi bonne qu’elle l’a toujours été ....................  0 1 2 3 4 

CogPM
T1 

Je suis capable de faire des allers-retours entre deux 
activités qui demandent de la réflexion .........................................  

 
0 

 
1 

 
2 

 
3 

 
4 

CogPM
T2 

Je suis capable de garder le fil de ce que je suis en 
train de faire, même si on m’interrompt ........................................  

 
0 

 
1 

 
2 

 
3 

 
4 

FACT-Cog 

 

Veuillez indiquer votre réponse en entourant un seul chiffre par ligne et en tenant compte des  
7 derniers jours. 

 

 
 
Veuillez indiquer votre réponse en entourant un seul chiffre par ligne et en tenant compte des  
7 derniers jours. 
 

 

IMPACT SUR LA QUALITÉ DE VIE 
Pas du 

tout 
Un  
peu 

Moyen-
nement 

Beau-
coup 

Énormé-
ment 

CogQ35 Ces problèmes m’ont contrarié(e)  ......................................... 0 
 

0 1 2 3 4 

CogQ37 Ces problèmes ont perturbé ma capacité à travailler .............. 0 
 0 1 2 3 4 

CogQ38 Ces problèmes ont perturbé ma capacité à faire des 
choses que j’aime .................................................................... 0 
 

0 1 2 3 4 

CogQ41 Ces problèmes ont perturbé ma qualité de vie ........................ 0 
 

0 1 2 3 4 
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Pas du 
tout 

Un  
peu 

Moyen-
nement 

Beau-
coup 

Énormé-
ment 

 

CogPC1 J’ai été capable de me concentrer ..................................................  0 1 2 3 4 

CogPV1 J’ai été capable de trouver les mots que je voulais 
utiliser en parlant à quelqu’un .......................................................  
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1 

 
2 

 
3 

 
4 

CogPM
1 

J’ai été capable de me souvenir de choses, comme de 
l’endroit où j’avais laissé mes clés ou mon portefeuille ................  

 
0 

 
1 

 
2 

 
3 

 
4 

CogPM
2 

J’ai été capable de me souvenir de faire des choses, 
comme prendre mes médicaments ou acheter ce dont 
j’avais besoin .................................................................................  

 
 

0 

 
 

1 

 
 
2 

 
 
3 

 
 
4 

CogPF1 Je suis capable d’être attentif(-ive) et de garder le fil 
de ce que je suis en train de faire sans effort 
supplémentaire ...............................................................................  

 
 

0 

 
 

1 

 
 
2 

 
 
3 
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CogPC
H1 Mon esprit est aussi vif qu’il l’a toujours été ................................  0 1 2 3 4 

CogPC
H2 Ma mémoire est aussi bonne qu’elle l’a toujours été ....................  0 1 2 3 4 
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Je suis capable de faire des allers-retours entre deux 
activités qui demandent de la réflexion .........................................  

 
0 
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2 

 
3 

 
4 

CogPM
T2 

Je suis capable de garder le fil de ce que je suis en 
train de faire, même si on m’interrompt ........................................  

 
0 

 
1 

 
2 

 
3 

 
4 

4  objectif: recueil de la plainte et 1ère analyse
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Evaluer: niveau 2 en hospitalisation de jour
Pour spécifier la plainte
Pour préciser des déficits objectifs éventuels
Pour préciser les capacités préservées
Pour évaluer les facteurs associés et leur poids
Pour comparer évaluation analytique/écologique

Bilan inspiré de GRECO-Vasc (ergo, neuropsycho +/- ortho)

Although its test–retest reliability is only low to moder-
ate,34 the BADS is widely used because of its suitability
for clients with neurological pathology. For the purpose
of this study, only the 6 performance subtests were used
and not the dysexecutive questionnaire. A profile score
that ranges from 0 (low performance) to 4 (high perfor-
mance) is calculated for each subtest. In addition, a total
profile score for all 6 subtests (ranges from 0 to 24) is
calculated.

Observed Tasks of Daily Living-Revised41

This is a performance-based measure of problem solv-
ing in everyday activities. The OTDL-R includes tasks
from 3 IADL domains: medication use, telephone use,
and financial management. For each domain, 3 problem
scenarios and real-life materials are presented (eg, medi-
cine bottles, a push button phone, a lunch bill, and coins).
For each task, materials are accompanied by a question
presented on a card and the participant is asked to per-
form the necessary steps to find the correct answer.
Each participant is presented with 12 questions. Re-
sponses to most questions are recorded in a binary format
(0 for wrong answer or answer with cue and 1 for a correct
answer without a cue). Two questions are scored with

more complexity because of multiple possible answers
obtaining maximum values of 2 and 8. Thus, the maxi-
mum possible score is 28. The OTDL-R has been shown
to have internal consistency, concurrent validity, and
construct validity.41,42 The Hebrew version was found to
be valid as well.10

Procedure

The study was approved by the Institutional Review
Boards of the Bnai Zion Medical Center for recruitment
of clients with stroke and of the University of Haifa for
recruitment of healthy participants. Each participant
signed an informed consent. The clients with stroke un-
derwent a screening procedure which included the
Mini-Mental State Examination,35 the star cancellation,37

clock drawing,36 and the Behavioral Inattention Test37 to
ensure that they met the inclusion criteria described ear-
lier. Following the screening procedure, the clients with
stroke were tested with the VAP-S, BADS, and OTDL-R,
whereas the control participants performed only the
VAP-S and the BADS (because of a ceiling effect of the
OTDL-R). An experienced occupational therapist admin-
istered all assessments, ensuring that the participants
understood the procedures. The order of testing was

Figure 1. Screenshot showing 1 segment of

the Hebrew version of the VAP-S (adapted by

Klinger, 2005).

Figure 2. Screenshot showing user’s view-

point of VE with the list of items to purchase.

N. JOSMAN ET AL.4

Bilan ergo

Entretien

Test du VAPS 
(supermarché virtuel)

Echelle d’auto-évaluation 
des difficultés cognitives 
(Mc Nair Kahn)
Questionnaire RVN
SIP65

Bilan ortho

Entretien

Dénomination orale (LEXIS)
Compréhension orale et écrite 
(subtest BDAE)
+/- Fluence lexicale (libre, 
orthographique, sémantique)
Empan endroit et envers

Bilan neuropsycho

Entretien

WAIS (chiffres, code) 
SDMT
Mémoire verbale (RL/RI, 
BEM)
Mémoire visuelle
(test des portes, Rey)
TMT, fluence verbale
+/- Hayling, Wisconsin, 
TAP



Rééducation               Remédiation                 Réadaptation

MALADIE

LIMITATION

ACTIVITEDEFICIENCES
RESTRICTION

PARTICIPATION

FACTEURS
ENVIRONNEMENTAUX

FACTEURS
PERSONNELS

âge, sexe, 
condition physique

individuels 
sociétaux 
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Proposer une prise en charge

Une rééducation est efficace si elle change le fonctionnement au quotidien!



Objectif de toute rééducation

• Effet en vie quotidienne (CIF +++)
• Transfert à d’autres contextes
• Généralisation à des tâches non travaillées
• Effet à Long Terme: 
        aux analyses post rééducation immédiate et aux 
protocoles recherche à une séance

• Spécificité: ES rééducation active = 0,71 versus 
traitement non actif ES = 0,41 (Meta-Analyse Rohling  2009)
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Les fonctions cognitives

Atteintes cognitives: 
facteur majeur de dépendance 
dans le cadre de la pathologie 
neurologique acquise

Quid de l’impact de la réserve 
cognitive/réserve cérébrale?

HANDICAP INVISIBLE
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Abstract

Several concepts, which in the aggregate get might be used to account for “resilience”

against age- and disease-related changes, have been the subject of much research.

These include brain reserve, cognitive reserve, and brainmaintenance. However, differ-

ent investigators have use these terms in different ways, and there has never been an

attempt to arrive at consensus on the definition of these concepts. Furthermore, there

has been confusion regarding the measurement of these constructs and the appropri-

ate ways to apply them to research. Therefore the reserve, resilience, and protective

Alzheimer’s Dement. 2020;16:1305–1311. c○ 2019 the Alzheimer’s Association 1305wileyonlinelibrary.com/journal/alz

Stern et al, 2020

1. Réserve cérébrale
2. Réserve cognitive

3. Brain maintenance

RESERVE
Ensemble de mécanismes cérébraux structurels et fonctionnels 
qui permettent d’expliquer les différences interindividuelles du déclin 
cognitif face au vieillissement et à la maladie



23

MÉCANISMES CÉRÉBRAUX

Mécanismes 
STRUCTURELS

Mécanismes 
FONCTIONNELS

Réserve
cérébrale

Réserve 
cognitive

Capital neurobiologique permettant de 
faire face au vieillissement cérébral et à la 
pathologie
Varie selon : 
nombre de neurones
nombre de synapses
taille du cerveau

MODELE PASSIF

Ensemble de processus permettant 
l’adaptabilité des capacités cognitives dans 
des situations variables : 
fonctionnement cognitif quotidien,
vieillissement cognitif, 
pathologie, traumatismes…
Différences inter-individuelles par différents 
processus cérébraux :
innés : génétiques
acquis : l’éducation, les occupations, l’activité 
physique, les loisirs, l’engagement social

MODELE ACTIF
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Brain
maintenance

= processus de maintien/renforcement
manière dont on préserve nos réserves

Réserve cérébrale

Réserve cognitive

Brain maintenance

Ce qu’on a pour compenser

Manière dont on préserve 
nos réserves

Gènes

Expériences et 
modes de vie

4VNPXTLJ $PHOJUJWF SFTFSWF JO NVMUJQMF TDMFSPTJT

OPO�USFBUNFOU HSPVQ EFDMJOFT� &OSPMMJOH BU�SJTL QBUJFOUT FOTVSFT
UIBU UIFSF XJMM CF BEFRVBUF DPHOJUJWF EFDMJOF GPS UIF FBSMZ JOUFS�
WFOUJPO UP NPEFSBUF� $MJOJDBMMZ
 BU�SJTL QBUJFOUT DPVME CF UBSHFUFE
GPS FBSMZ JOUFSWFOUJPOT UP IFMQ QSFWFOU GVUVSF DPHOJUJWF EFDMJOF

BOE FBSMJFS USFBUNFOU UBLFT BEWBOUBHF PG UIF CSBJO�T DBQBDJUZ GPS
QMBTUJD SFPSHBOJ[BUJPO
 XIJDI JT PTUFOTJCMZ HSFBUFS BU ZPVOHFS BHFT�
'JOBMMZ
 JG SJTL BOE QSPUFDUJWF GBDUPST BSF NPEJGJBCMF
 UIFO LOPXM�
FEHF PG TVDI GBDUPST DBO JOGPSN USFBUNFOU EFDJTJPOT BOE�PS DPVO�
TFMJOH PG QBUJFOUT SFHBSEJOH IFBMUIZ MJGF DIPJDFT� 'JSTU
 IPXFWFS
 XF
OFFE UP BEWBODF PVS BCJMJUZ UP BDDVSBUFMZ JEFOUJGZ .4 QBUJFOUT BU
HSFBUFTU SJTL GPS GVUVSF DPHOJUJWF EFDMJOF�

$PHOJUJWF 3FTFSWF "HBJOTU
$PHOJUJWF %FDMJOF

5IF EJTDPOOFDU CFUXFFO EJTFBTF CVSEFO BOE DPHOJUJWF TUBUVT 	J�F�

EJGGFSFOUJBM DPHOJUJWF EFDMJOF
 JT FYQMBJOFE JO QBSU CZ UIF DPH�
OJUJWF SFTFSWF IZQPUIFTJT 	��o��

 XIJDI QPTJUT UIBU FOSJDIJOH
MJGF FYQFSJFODFT QSPUFDU BHBJOTU DPHOJUJWF EFDMJOF JO UIF GBDF PG
BHJOH BOE OFVSPMPHJD EJTFBTF
 MJLFMZ EVF UP HSFBUFS DBQBDJUZ BOE
FGGJDJFODZ PG OFVSBM OFUXPSLT 	��
 ��
� 4VQQPSU GPS UIF DPHOJUJWF
SFTFSWF IZQPUIFTJT IBT DPNF GSPN FWJEFODF UIBU PMEFS BEVMUT XJUI
B IJTUPSZ PG HSFBUFS FEVDBUJPOBM PS PDDVQBUJPOBM BUUBJONFOU 	��
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intellectual enrichment, leisure activities, and physical activity

(Stern, 2002). This phenomenon has been observed in a number of

diseases, including Alzheimer's disease as well as in MS (Hindle, Mar-

tyr, & Clare, 2014; Kesler, Adams, Blasey, & Bigler, 2003; Modica

et al., 2015; Sumowski et al., 2014). Nonetheless, the underlying phys-

iological substrates of cognitive reserve are not fully elucidated.

Functional connectivity, measured with resting-state fMRI (rs-fMRI),

is an excellent candidate for exploring the neural basis of cognitive

reserve (Steffener & Stern, 2012). It correlates with cognitive function

in PwMS and reflects the coordinated activation patterns between

functionally connected GM regions (Hawellek, Hipp, Lewis, Corbetta, &

Engel, 2011; Schoonheim et al., 2015). In addition, although increased

structural damage correlates with greater aberrations in functional con-

nectivity (Rocca et al., 2002), a substantial proportion of functional con-

nectivity remains unexplained by currently available structural

measures. More may therefore be learned about cognition and cogni-

tive reserve by considering the interaction between structural network

disruption and preservation of functional connectivity.

To investigate this potential neural basis of cognitive reserve, we

used a two-stage approach. First, we sought to determine whether

established proxies for cognitive reserve moderate the relationship

between structural pathology and preservation of functional connec-

tivity. We hypothesized that individuals with higher cognitive reserve

would exhibit preserved functional connectivity despite comparable

accumulation of GM atrophy. For this analysis, premorbid verbal intel-

ligence was used as a proxy for cognitive reserve. Second, we aimed

to determine whether relative preservation of functional connectivity

helps explain the gap between structural damage and cognition. For

this, we applied network-based measures to account for the network

organization of the brain (Zalesky, Fornito, & Bullmore, 2010a) and

the overlap between structural WM tract disruption and preservation

of functional connectivity within networks associated with each cog-

nitive domain. We hypothesized that the relationship between struc-

tural network damage and cognition would be attenuated for people

with preserved functional connectivity. For a diagrammatic illustration

of our hypotheses, see Figure 1.

2 | METHODS

2.1 | Subjects

We studied 74 PwMS who completed cognitive assessment and both

functional and structural MRI as part of a case–control cardiovascular,

environmental, and genetic (CEG) study (Kappus et al., 2015; Zivadinov

et al., 2016). Disease course and disease duration were determined by

clinical assessment. Twenty-nine age- and sex-matched HCs were also

included.

Inclusion/exclusion criteria for PwMS in the study were (a) diagnosis

of MS according to the 2010 McDonald criteria (Polman et al., 2011),

(b) neurologic/physical examination within 30 days from the standard-

ized MRI, (c) English language fluency, (d) able to provide informed con-

sent to all procedures, (e) no substance dependence/abuse past or

present, (f) no neurological/psychiatric diseases other than MS, (g) no

relapse/acute corticosteroid treatment within 1 month of testing, and

(h) no motor or sensory defect that might interfere with cognitive test

performance. The inclusion/exclusion of HCs followed the same criteria,

with the exception of diagnosis of MS. The study protocol was

approved by the University at Buffalo Institutional Ethics Review Board.

All subjects provided written informed consent before participation.

2.2 | Psychometric assessment

Cognitive testing was performed by research assistants under the super-

vision of a board-certified neuropsychologist (RHBB) blinded to other

findings. Testing consisted of assessments recommended for the Brief

International Cognitive Assessment for MS (BICAMS; Langdon et al.,

2012; Benedict et al., 2012). Cognitive processing speed was assessed

with the Symbol Digit Modalities Test (SDMT; Smith, 1982). Visual/spa-

tial memory was assessed with the Brief Visuospatial Memory Test

Revised (BVMTR; Benedict, 1997). Verbal memory was assessed with the

California Verbal Learning Test II (CVLT-II; Delis, Kramer, Kaplan, & Ober,

2000). The relevant subscale for the BVMTR and CVLT-II in our analyses,

as recommended for BICAMS, was total learning. Premorbid verbal intelli-

gence, an established proxy for cognitive reserve in MS, was assessed

using the North American Adult Reading Test (NAART; Benedict, Mor-

row, & Guttman, 2010; Blair & Spreen, 1989).

2.3 | MR image acquisition

MRI data were collected from a 3T GE scanner. Imaging included a 3D

T1-weighted (IR-FSPGR, repetition time (TR) 5.9 ms, echo time

(TE) 2.8 ms, inversion time (TI) 900 ms, flip angle (FA) 10!, field-of-

view (FOV) 25.6 × 19.2 cm2 [256 × 256 matrix with phase FOV 0.75],

1 × 1 mm2, 180 slices of 1 mm) and a 2D T2-FLAIR scan

(TR 8,500 ms, TE 120 ms, TI 2100 ms, FA 90!, echo train length

F IGURE 1 Cognitive reserve in PwMS. We hypothesize that
PwMS with higher cognitive reserve (a) will exhibit preserved
functional connectivity and cognition despite accumulation of
structural damage. In contrast, for PwMS with low cognitive reserve
(b), we propose that structural damage will be associated with greater
deviations in functional connectivity and cognitive impairment.
PwMS, people with multiple sclerosis [Color figure can be viewed at
wileyonlinelibrary.com]
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processing speed, p < .001; visual/spatial memory, p < .001; verbal

memory, p = .016).

In the regression model predicting cognitive processing speed

(R2 = .253, p < .001; Figure 6), a statistically significant effect was

observed for age (β = −.309, p = .004), preservation of functional connec-

tivity (β = −.450, p = .002), and the interaction betweenWM tract disrup-

tion and preservation of functional connectivity in the cognitive

processing speed-associated networks (β = −.513, p = .001). Thus, the

impact of network WM tract disruption on cognitive processing speed

was attenuated for individuals with preserved functional connectivity

within the network.

For the regression model predicting visual/spatial memory

(R2 = .170, p = .003; Figure S2), a statistically significant effect of age

(β = −.390, p < .001) was observed. A trending effect was also

observed for the interaction between WM tract disruption and pres-

ervation of functional connectivity within the visual/spatial memory-

associated networks (β = −.209, p = .066).

4 | DISCUSSION

The results of this study contribute to our understanding of the neural

basis of cognitive reserve in PwMS. In this study, we observed that

people with higher premorbid verbal intelligence, a proxy for cognitive

reserve (Benedict, Morrow, Guttman, Cookfair, & Schretlen, 2010),

exhibit preserved functional connectivity despite accumulation of GM

atrophy. Furthermore, relative preservation of functional connectivity

(more similar to HCs) attenuates the impact of structural network dis-

ruption on cognition. This interaction was observed in models

predicting impairment on cognitive processing speed. A trend for a

similar effect was also observed for visual/spatial memory

impairment.

Our findings are comparable to results previously described, where

PwMS exhibiting normal patterns of default mode network deactivation

during a sustained attention task, rather than abnormally high patterns,

displayed an attenuated correlation between atrophy and memory

impairment (Sumowski, Wylie, Leavitt, Chiaravalloti, & DeLuca, 2013).

Although through potentially different mechanisms, this phenomenon is

also observed in healthy aging, where elderly people who performed

better on a working memory task exhibited task-related network activa-

tion which was more similar to the network activation patterns dis-

played by the young (Steffener, Brickman, Rakitin, Gazes, & Stern,

TABLE 3 Strength of association between region-pair WM tract
disruption and visual/spatial memory in PwMS

Network Region-pair t value

1 R. Supramarginal–R. thalamus proper 3.33

R. Inferior parietal–R. caudate 3.31

R. Supramarginal–R. caudate 3.24

R. Superior parietal–R. Thalamus proper 3.12

R. Bankssts–R. Lateral occipital 3.11

R. Bankssts–R. Superior parietal 3.08

R. Superior parietal–R. Pallidum 3.06

R. Supramarginal–R. Hypothalamus 3.02

2 R. Inferior temporal–R. Insula 3.33

R. Fusiform–R. Middle temporal 3.31

R. Fusiform–R. Superior temporal 3.22

R. Inferior temporal–R. Superiortemporal 3.22

R. Inferior temporal–R. Hippocampus 3.21

R. Fusiform–R. Hippocampus 3.09

R. Fusiform–R. Insula 3.07

R. Precuneus–R. Hippocampus 3.03

Abbreviation: PwMS, people with multiple sclerosis.

F IGURE 6 Cognition and the
structure–function interaction. Individuals
with preserved functional connectivity
(green) within the cognitive processing
speed-associated networks exhibit an
attenuated correlation between structural
network disruption and dysfunction of
cognitive processing speed. In
comparison, individuals with a high
degree of deviation in functional
connectivity (red) exhibit a stronger
structure cognition correlation [Color
figure can be viewed at
wileyonlinelibrary.com]
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La préservation de réseaux de connectivité fonctionnelle atténue les 
effets des interruptions du réseau structurel sur la cognition
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Les fonctions cognitives

mémoire

fonctions 
instrumentales

-langage: expression, compréhension, communication
-capacités visuo-perceptives (gnosies)
-capacités visuo-spatiales (espace, personnes, ...)
-gestes (praxies) et schéma corporel
-calcul

fonctions exécutives
attention

fonctions de contrôle++
-planification et exécution d’actions
-résolution de problèmes
-inhibition
-planification, anticipation
-raisonnement
-prise de décision

comportement
humeur, émotions

cognition sociale
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• Notion de rééducation en neuropsychologie
un peu de plasticité?

phénomène qui touche les neurones à différents niveaux

aspect malléable du cerveau: 
s’adapter, acquérir de nouvelles connaissances, mémoriser, pallier 
des déficits liés à des pathologies

200 milliards de cellules:
-70 milliards de neurones
-120 milliards d’autres cellules: cellules gliales qui participent à la plasticité 
à toutes les échelles (synaptique, architecturale)
-chaque cellule: 50 000 à 500 000 connexions avec d’autres cellules
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Différentes formes de plasticité…

https://www.salamandre.org/
article/patte-triton-repousse/ 

« Cells that fire together, wire together»

Quels mécanismes?
Augmentation du nombre de synapses

Augmentation de l’efficacité synaptique

Changements chimiques 

Synchronisation des connections 

Augmentation du nombre de neurones

10 000 à 30 000 nouveaux neurones / jour

https://www.salamandre.org/article/patte-triton-repousse/
https://www.salamandre.org/article/patte-triton-repousse/
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Différentes formes de plasticité…

Apprentissage: associé à une réorganisation fonctionnelle et structurelle 
des régions motrices cérébrales

Système capable de se réorganiser spontanément après une lésion pour 
permettre une récupération, le plus souvent partielle, de la fonction qui a 
été atteinte

Musicien Non Musicien 
Elbert et al, 1995

Maguire et al, 2000
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Plasticité cérébrale 
et réhabilitation neuropsychologique 

79  
 
 

 

aspects of the issue. To achieve this, cognitive rehabilitation incorporates different 

psychological models, such as neuropsychological, psychoeducational, behavioral and 

emotional model 197 (Fig 16).  

 

Figure 16 Approach and models used in cognitive rehabilitation.  

From neuropsychology, cognitive rehabilitation has taken the concept of comprehensively assess patient situation, including 
cognitive profile, medical factors, and psychosocial well-being. This thorough pre-intervention evaluation ensures a 
personalized and effective treatment strategy. In some cases, cognitive rehabilitation also integrates the direct stimulation 
of the brain through cognitive training.  

Behavioral approaches have provided the concept of positive reinforcement and learning theory.  Positive reinforcement 
involves the use of rewards or favorable consequences to increase the likelihood of a specific behavior being repeated. When 
an individual engages in a desired behavior and receives a positive outcome, such as praise, tokens, or tangible rewards, they 
are more likely to perform that behavior again in the future. Learning theory is a broad framework that encompasses various 
psychological theories explaining how individuals acquire new behaviors and adapt their existing ones based on their 
experiences with the environment. In the context of interventions, learning theory guides the selection of appropriate 
strategies, techniques, and rewards to facilitate cognitive growth. It recognizes that behavior change is a dynamic process 
influenced by environmental interactions. Incorporating positive reinforcement and learning theory into interventions 
enhances their effectiveness by tapping into the principles of motivation, repetition, and adaptive learning. This helps 
individuals actively engage in their treatment journey, fostering cognitive improvements and overall well-being. 

Psychoeducation has provided two main concepts: compensatory behavior which refers to the adaptive strategies and actions 
individuals employ to counterbalance or offset perceived deficiencies or challenges. In the context of interventions, 
understanding compensatory behaviors allows for targeted approaches that help individuals effectively navigate and mitigate 
their cognitive limitations or impairments. By recognizing and addressing compensatory behaviors, interventions can be 
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• Notion de rééducation en neuropsychologie
revalidation ou réhabilitation

- objectif: améliorer le fonctionnement cognitif d’un patient devenu 
déficitaire suite à une atteinte cérébrale afin d’améliorer ses 
conditions générales de vie

- n’est donc pas centrée sur le déficit mais sur les restrictions de 
participation (handicap), 

càd sur les conséquences de ce déficit dans la vie quotidienne 
d’une personne particulière

- objectifs à définir avec le patient (notion de contrat 
thérapeutique)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

 CURRENTOPINION Rehabilitation of executive function and social
cognition impairments after brain injury

Tom Manly and Fionnuala C. Murphy

Purpose of review
Brain injury is a major cause of long-term disability. Executive and social cognition sequelae are associated
with poor outcome. This review examines recent evidence on the efficacy of rehabilitation in these areas.

Recent findings
Accumulating evidence shows that interventions that work with patients on developing insight and strategies
to offset executive impairments can produce significant benefits. Training of specific capacities, such as
working memory, holds some promise, but more needs to be known about effect generalization. Evidence
on social cognition rehabilitation following brain injury is sparse. Although there are some encouraging
early results, more information on the clinical significance of change for everyday function is required.

Summary
Rehabilitation in these areas is inherently difficult but vital if outcomes are to improve. Significant gains
have been reported, and further work applying appropriate methods is urgently required.

Keywords
brain injury, executive function, outcome, rehabilitation, social cognition

INTRODUCTION
We consider recent developments made in the reha-
bilitation of executive function and social cognition
following adult acquired brain injury (ABI). Our
focus is on studies that have been published within
the last 18 months, but where earlier examples are
needed to illustrate an approach, these are provided.
Executive function and social cognition interven-
tions are highly relevant to progressive neurological,
developmental, and psychiatric conditions, but
these fall outside our scope.

THE SCALE OF THE PROBLEM
Using the United States as a well researched
example, each year almost 100 000 citizens, dispro-
portionately children and young adults, suffer a
traumatic brain injury (TBI) of sufficient severity
to cause lasting disability [1]. It has become a sig-
nature injury of modern conflict, with at least
32 784 young US service personnel sustaining TBIs
of likely long-term consequence since 2000 [2]. Each
year approximately 795 000 US citizens will experi-
ence a stroke, the leading cause of serious long-term
disability in developed nations.

EXECUTIVE FUNCTION, SOCIAL
COGNITION, AND OUTCOME
Executive function is a broad term used with refer-
ence to a range of cognitive abilities including plan-
ning and plan execution, sustaining goal-focused
attention, appropriately sequencing behavior, and
inhibiting inappropriate responses [3]. Historically,
it emerged from the concept of the ‘frontal lobe
syndrome’ that also gave emphasis to personality
changes following anterior brain damage. These
were highlighted in Harlow’s [4] (1848) descriptions
of Phineas Gage, a formerly diligent railway worker
who survived an anterior skull-penetrating injury
and, as a result, was reported to become ‘irreverent,
indulging at times in the grossest profanity, mani-
festing but little deference for his fellows, impatient
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§ 2 obstacles à l’efficacité de la rééducation

 l’anosognosie

 les troubles de l’initiative

34

4   limite au transfert en vie quotidienne des acquis 
de rééducation 
4   limite à l’utilisation des aides externes et de 
stratégies volontaires de compensation



Quelles stratégies?
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anosognosie
troubles de l’initiative

RETABLISSEMENT

11/11/2019

4

FONCTION AUTRES 
FONCTIONS

FONCTION
COMPENSATION

REORGANISATION

AMENAGEMENT

Fonction

Fonction

Fonction

Fonction

Autres fonctions

Compensation



Troubles Cognitifs

Traitement
pharmacologique

Interventions
non pharmacologiques

Non cognitives
(comportementales, 

psychologiques, physiques)

Centrées sur la cognition

Stimulation cognitive

Entrainement/remédiation
cognitive

Réadaptation cognitive

36

En pratique



Centrées sur la cognition

Stimulation cognitive

Entrainement/remédiation
cognitive

Réadaptation cognitive

Quels outils / Quels moyens?

individuel / groupe

papier-crayon
informatisée
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Executive (dys)function after traumatic brain injury: special
considerations for behavioral pharmacology
Jenny E. Ozgaa, Jessica M. Povroznikb, Elizabeth B. Engler-Chiurazzib

and Cole Vonder Haara

Executive function is an umbrella term that includes
cognitive processes such as decision-making, impulse
control, attention, behavioral flexibility, and working
memory. Each of these processes depends largely upon
monoaminergic (dopaminergic, serotonergic, and
noradrenergic) neurotransmission in the frontal cortex,
striatum, and hippocampus, among other brain areas.
Traumatic brain injury (TBI) induces disruptions in
monoaminergic signaling along several steps in the
neurotransmission process – synthesis, distribution, and
breakdown – and in turn, produces long-lasting deficits in
several executive function domains. Understanding how TBI
alters monoamingeric neurotransmission and executive
function will advance basic knowledge of the underlying
principles that govern executive function and potentially
further treatment of cognitive deficits following such injury.
In this review, we examine the influence of TBI on the
following measures of executive function – impulsivity,
behavioral flexibility, and working memory. We also describe

monoaminergic-systems changes following TBI. Given that
TBI patients experience alterations in monoaminergic
signaling following injury, they may represent a unique
population with regard to pharmacotherapy. We conclude
this review by discussing some considerations for
pharmacotherapy in the field of TBI. Behavioural
Pharmacology 29:617–637 Copyright © 2018 The Author(s).
Published by Wolters Kluwer Health, Inc.
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Introduction
Traumatic brain injury (TBI) occurs when an external force
(e.g. mechanical deformation, rapid deceleration, blast
wave) is applied to the brain and affects more than 200 per
100 000 people each year globally (Bryan-Hancock and
Harrison, 2010). While many people recover with minimal
complications, a significant portion goes on to develop
chronic behavioral and cognitive deficits, resulting in an
estimated 1–2% of people with TBI-related disabilities
(Thurman et al., 1999; Zgaljardic et al., 2015), and accounting
for a staggering $76.5 billion USD economic burden as of
2010, with 10-year costs averaging $270 000 per patient
(Corso et al., 2006; Coronado et al., 2012; Ponsford et al.,
2013). Brain injury is considered to be a major risk factor in
the development of neurodegenerative disorders, including
Parkinson’s and Alzheimer’s diseases (Semchuk et al., 1993;
Plassman et al., 2000), and is associated with increased rates
of depression, anxiety, attention-deficit disorders, suicidality,
and substance abuse following such central nervous system
damage (Moor et al., 2006; Vaishnavi et al., 2009; Rao et al.,
2010; Konrad et al., 2011; Reeves and Panguluri, 2011;

Zgaljardic et al., 2015). Notably, these disorders impair a
wide variety of behaviors commonly considered under the
umbrella of ‘executive function,’ including memory, beha-
vioral flexibility, impulsivity, and decision-making (Alves
et al., 2014; Bredemeier and Miller, 2015; Day et al., 2015;
Sharp et al., 2015; Kingdon et al., 2016).

Given the considerable difficulty of determining the causes
of executive function deficits in clinical TBI patients,
several injury models have been developed for inducing
experimental TBIs in nonhuman animals, that map on to
clinical injuries and severities (Morganti-Kossmann et al.,
2010). These injury types may be induced using various
methods (e.g. controlled-cortical impact, fluid percussion,
weight drop, blast) and at a spectrum of severities, each
with unique pathological characteristics. Focal injuries result
largely in localized contusion and cell death while being
highly reproducible in the animal laboratory. In contrast,
concussive and blast injuries generate a diffuse pattern of
injury with axonal shearing that are less reproducible than
focal injuries. In animal models, severity of injury is directly
related to the amount of force applied to the animal’s brain
and strongly tied to neurological outcome (Xiong et al., 2013),
while clinical measurements rely on neurological outcomes
such as the Glasgow Coma Scale to assess severity (Teasdale
and Jennett, 1974). Regardless of primary injury type, cas-
cades of secondary damage are initiated, which may include

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially without
permission from the journal.
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Memantine augmentation of sertraline 
in the treatment of symptoms and executive 
function among patients with obsessive-
compulsive disorder: A double-blind placebo-
controlled, randomized clinical trial
Sanaz Askari1, Saba Mokhtari2, Seyed Vahid Shariat1, Behnam Shariati1, Masoomeh Yarahmadi1 and 
Mohammadreza Shalbafan1,3* 

Abstract 
Background: Medications currently recommended for the treatment of Obsessive-Compulsive Disorder (OCD) usu-
ally decrease the severity of the symptoms by 20–30%; however, 40–60% of OCD patients do not achieve a satisfac-
tory response. Our main objective was to investigate the effectiveness of memantine, a non-competitive N-Methyl-
D-aspartate (NMDA) receptor antagonist, as an adjunct therapy to sertraline, a selective serotonin reuptake inhibitor 
(SSRI), to improve severity of symptoms and executive function among patients with obsessive-compulsive disorder.

Methods: Seventy patients with OCD according to the Diagnostic and Statistical Manual of Mental Disorders (DSM–
5) criteria, and a Yale-Brown obsessive compulsive scale (Y-BOCS) score of more than 21 were recruited to the study. 
They received sertraline (100 mg daily initially followed by 200 mg daily after week 4) and either memantine (10 mg 
twice daily) or placebo in a placebo controlled, double-blinded, parallel-group, clinical trial of 12 weeks. The primary 
outcome was OCD symptoms measured by the Y-BOCS. Moreover, executive function of participants was measured 
by the Wisconsin Card Sorting Test (WCST).

Results: The total score, and obsession and compulsion subscales of Y-BOCS significantly dropped in both groups 
with no significant difference between the two groups. However, memantine group showed a greater response in the 
number of completed categories subscale of the WCST (p value<0.001). We did not observe any major adverse effects 
in any of the groups.

Conclusion: Memantine has an acceptable safety and tolerability in patients with OCD and might have a positive 
effect on their executive function. Nevertheless, the current results don`t support the efficacy of memantine as an 
adjunctive agent to sertraline for symptoms in patients with OCD.

Trial registration: The trial was registered at the Iranian Registry of Clinical Trials on 04/10/2019 (www. irct. ir; IRCT ID: 
IRCT20170123032145N4).

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Do ADHD Treatments Improve Executive
Behavior Beyond Core ADHD Symptoms in
Adults? Evidence From Systematic Analysis
of Clinical Trials

Craig B.H. Surman,MD and Daniel M.Walsh, BA

Abstract

We sought to understand the effect of current treatments for attention deficit hyperactivity disorder (ADHD) on executive functioning deficits,which
are often comorbid with ADHD, via a systematic analysis of adult ADHD treatment studies evaluating change in behavioral measures beyond the
core symptoms of Diagnostic and Statistical Manual of Mental Disorders ADHD. The standardized mean difference for behavioral measures of executive
functioning was determined from controlled trials of adults with ADHD and compared with effects on core ADHD symptoms. Several studies of
atomoxetine revealed small to large standardized mean differences. Nonreplicated studies revealed small to medium effects for triple-bead mixed
amphetamine salts, lisdexamfetamine, and forms of cognitive behavioral therapy. Proportional effect versus core ADHD symptoms ranged from 0.78
to 1.16 for atomoxetine, and from 0.65 to 1.44 across all the studies. ADHD treatments have effects on executive functioning behavior beyond core
ADHD symptoms in adults. Clinicians can measure and treat this morbidity using available clinical tools.

Keywords

ADHD, adult, executive function, treatment

The definitions of attention deficit hyperactivity disor-
der (ADHD) widely used in clinical practice come from
the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition (DSM-5)1 and highlight challenges
with attention and impulsivity-hyperactivity. However,
patterns of self-regulatory behavioral functional im-
pairment that fall outside the current symptoms listed
inDSM-5ADHDcurrent symptom criteria often occur
in patients with ADHD.2–4 For convenience in this re-
port, we refer to these noncore ADHD self-regulatory
challenges as problems of “executive function.” Exam-
ples of these behavioral executive function challenges
include inefficient planning, unreliable follow-through
on plans that have been made, and inability to maintain
routines. The impact of these challenges often mani-
fests in roles and contexts where adults with ADHD
have choices about how to use their time and thus
can impact independent work patterns and self-care
regimens.

Deficits in executive function can be captured on
the basis of performance on tasks or by behavioral
patterns. A range of neuropsychologically defined ex-
ecutive function challenges have been associated with
the presence of ADHD in adults, although no one
manifestation defines or explains the presence of the
condition.5,6 Behavioral evaluations of executive func-
tion rely on surveying symptom patterns, and arguably

assay a different aspect of native function than test-
based evaluations that are used in neuropsychological
studies. Research suggests that such behavioral mea-
sures of executive dysfunctionmay bemore ecologically
relevant to evaluate and target clinically because they
correlate with functional outcomes more strongly than
test-based measures.2,7

When patients present with ADHD meeting the
DSM-5 definition, clinicians can currently choose from
a range of stimulant or nonstimulant pharmacother-
apies that are Food and Drug Administration (FDA)
indicated for treatment of ADHD. While the FDA
approves treatments based on their impact on DSM-5
symptoms of ADHD, there is no FDA approval based
on measures of other presentations of dysexecutive
behavior. A range of nonmedication therapies have also
been investigated or promoted for treatment of ADHD
in adults, including cognitive behavioral therapies
and neurotherapeutics. Thus, when an adult with
ADHD presents with prominent executive function
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are schematically summarized in Fig. 2, are mainly based on CIs, PE (for
a review of both types of intervention, see Bamidis et al., 2014), and
NIBS (for a review, see Tatti et al., 2016).

3.1. Cognitive and physical exercise interventions

CIs may be considered the more classical approach to improve
cognitive function or slow the progression of cognitive deficits. Two
main types of CIs have been distinguished: cognitive training (CT) and
cognitive rehabilitation (CR) (Clare and Woods, 2004). CT refers to a
general intervention that may be implemented in healthy persons and
in patients with cognitive deficits. This type of intervention includes a
set of procedures used to improve general cognitive function and social
skills. The complexity of the cognitive tasks is adjusted to the baseline
performance and progression of each participant. This adaptive training
is particularly feasible when applying computerized CT (Lampit et al.,
2014) because the difficulty level may be computationally adapted on a
trial-by-trial basis (Kueider et al., 2012; Lampit et al., 2014). CT may
also be implemented at the group level. In this case, the intervention is
usually designated as cognitive stimulation (Clare and Woods, 2004;
Huntley et al., 2015). Diverse CT programmes have been implemented
to improve a variety of cognitive domains, such as memory (Richmond
et al. 2011), learning (Bailey et al., 2010), attention (Mozolic et al.,
2011), and executive function (Basak et al., 2008). For example,
Brehmer et al. (2011) implemented 25 sessions of CT in a sample of
healthy elderly participants who performed a working memory task (n-
back task). The difficulty level of the task increased as the participants
improved their performance. Also, a healthy elderly control group was
trained on the same type of working memory task at a relatively low
fixed demand. fMRI was performed before and after training while the
participants performed working memory tasks with a low and a high
demand. After the training period, a larger decrease in brain activity
was observed in participants whose training involved a progressive
increase in the task difficulty level. The authors interpreted these results
according to the neural efficiency account, which states that individuals
with higher capacity show less brain activation at the same subjective
difficulty level because they need to allocate fewer brain resources to

perform the task at the same level (Dunst et al., 2014; Haier et al.,
1992). CR refers to interventions used to improve specific cognitive
and/or motor dysfunctions in a patient to improve her/his quality of
life. For example, Vermeij et al. (2016) implemented an adaptive
training programme in working memory – an ability that is usually
declined in patients with MCI – for five weeks by using n-back tasks in a
sample of participants with MCI. The authors reported improved per-
formance at a low difficulty level after the training period. Overall,
current research on CIs is focusing on identifying more effective
training parameters (Brehmer et al., 2011; Styliadis et al., 2015),
maintaining long-term persistence of the obtained benefits (Boyke
et al., 2008; Lövdén et al., 2012), and studying transfer effects to un-
trained abilities (Anguera et al., 2013; Berry et al., 2010; Dahlin et al.,
2008; Tusch et al., 2016; Wolf et al., 2014).

PE represents another intervention that has been used to improve
cognition. The Institute of Medicine and the American College of Sports
Medicine distinguish between physical activity (PA) and PE. PA refers
to bodily movement produced by the contraction of skeletal muscles
that increases energy expenditure. PE is defined as planned, structured,
and repetitive movement to improve or maintain one or more compo-
nents of physical fitness. Thus, PE is a subcategory of PA that is
planned, structured and oriented to improve specific physical skills or
physical fitness (Bherer et al., 2013). PE may be divided into three main
categories: aerobic exercise (e.g., walking, running, and cycling), re-
sistance training (e.g., lifting weights), and stretching and balance (e.g.,
yoga and Pilates). This last type of PE is considered less effective and is
usually implemented in the control group to match possible benefits
from social interaction (Brinke et al., 2015; Chapman et al., 2013;
Erickson et al., 2011; Liu-Ambrose et al., 2012; Voss et al., 2013a,b but
see also Mortimer et al., 2012), who reported greater cognitive im-
provement after toning and balance exercises (tai chi) than after
aerobic training (walking) and Voss et al. (2010), who demonstrated
that stretching and toning exercises improved functional brain con-
nectivity in the default mode network after 6 months of training and in
a frontal parietal network after 12 months of training. An example of an
intervention using PE was implemented in a study conducted by Brinke
et al. (2015). In this study, 39 participants with MCI were randomly

Fig. 2. Non-pharmacological interventions used to improve cognition. This figure schematically presents the main types of non-pharmacological interventions used to improve
cognitive function.
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A B S T R A C T

A growing body of evidence suggests that healthy elderly individuals and patients with Alzheimer’s disease
retain an important potential for neuroplasticity. This review summarizes studies investigating the modulation of
neural activity and structural brain integrity in response to interventions involving cognitive training, physical
exercise and non-invasive brain stimulation in healthy elderly and cognitively impaired subjects (including
patients with mild cognitive impairment (MCI) and Alzheimer’s disease). Moreover, given the clinical relevance
of neuroplasticity, we discuss how evidence for neuroplasticity can be inferred from the functional and structural
brain changes observed after implementing these interventions. We emphasize that multimodal programmes,
which combine several types of interventions, improve cognitive function to a greater extent than programmes
that use a single interventional approach. We suggest specific methods for weighting the relative importance of
cognitive training, physical exercise and non-invasive brain stimulation according to the functional and struc-
tural state of the brain of the targeted subject to maximize the cognitive improvements induced by multimodal
programmes.

1. Introduction

The progressive ageing of the global population is leading to an
increased prevalence of age-related disorders, such as Alzheimer’s dis-
ease (AD) (Sosa-Ortiz et al., 2012). Nevertheless, the efficacy of current
pharmacological treatments in patients with AD is among the lowest of
any therapeutic area (Hay et al., 2014). In this context, the lack of tools
for effective AD treatment creates a burden for patients and caregivers
and affects the sustainability of public health systems (Dorsey et al.,
2013). Studies of changes in cognition and the brain related to ageing
and cognitive decline and investigations into residual plasticity me-
chanisms in the brains of individuals at advanced stages of life are
important research activities that will assist in the diversification of
pharmacological targets (Cummings et al., 2014) and the development
of non-pharmacological interventions to treat and/or prevent cognitive
deficits related to AD and other forms of dementia.

Cognitive interventions (CI), physical exercise (PE) and non-in-
vasive brain stimulation (NIBS) are gaining popularity in the scientific
community as promising approaches to improve cognition during
healthy and pathological ageing. These interventions are thought to
improve cognition by promoting neuroplasticity mechanisms.

Neuroplasticity may be defined as the capability of the brain to un-
dertake long-lasting structural and functional modifications in response
to environmental demands. Structural neuroplasticity includes a set of
processes that range from neurogenesis and synaptogenesis to the ex-
pression of neurotrophic and angiogenesis factors, whereas functional
neuroplasticity involves a set of processes including long-term po-
tentiation (LTP) and long-term depression (LTD) that do not involve
changes in the brain structure (Bruel-Jungerman et al., 2007; Huang
et al., 2014). However, it is important to highlight that brain processes
related to functional neuroplasticity and brain processes related to
structural neuroplasticity interact between them, as already argued by
previous studies (Bruel-Jungerman et al., 2007). Therefore, both types
of neuroplasticity (i.e., structural and functional neuroplasticity) cannot
be considered as categorical concepts and/or independent processes. In
human studies, functional and structural neuroplasticity are typically
investigated using electroencephalogram (EEG) and magnetic re-
sonance imaging (MRI) techniques.

Evidence for structural changes in the brain after an interventional
programme may be interpreted as evidence for neuroplasticity. In
contrast, functional changes do not have a straightforward interpreta-
tion because they not only reflect neuroplasticity but also brain
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be considered as categorical concepts and/or independent processes. In
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stimulation to an area located outside the brain circuits involved in the
studied cognitive function (Rossini et al., 2015). This session allows
researchers to determine whether the cognitive improvements and as-
sociated neural changes are mediated by the stimulation of a specific
brain area or are related to the nonspecific increase in arousal levels.

Finally, other non-pharmacological approaches have been adopted
as preventive strategies to ameliorate cognitive ageing and delay the
onset of cognitive deficits. Specifically, adherence to specific dietary
habits has been associated with a lower risk of developing MCI and AD
(Scarmeas et al., 2006). Different diets, such as dietary restriction, a
low-fat diet and resveratrol consumption, were reported to have key
roles in cognitive function and brain integrity by affecting several
mechanisms of plasticity, including neurogenesis, synaptic plasticity,
neurotrophin release and hippocampal neuroprotection (for a review,
see Greenwood and Parasuraman, 2010).

4. Relationships among cognitive improvement, neural changes
and the promotion of neuroplasticity

Considering the strong therapeutic implications, in this section, we
discuss to what extent the relationships between improved cognition
and neural changes provide evidence for brain plasticity mechanisms.
Next, we discuss how the type of intervention and degree of cognitive
reserve may mediate nonlinear relationships between cognitive im-
provement and neural changes.

The modulation of neural activity after applying CI, PE, and NIBS
was taken as evidence for neuroplasticity in most of the reviewed stu-
dies. In fact, interventional programmes based on CI and PE frequently
last from several months to one year, which would be a time period
more than sufficient to promote the activation of neuroplasticity me-
chanisms. Nevertheless, neural activity changes have also been ob-
served after one or only a few sessions of CT in healthy elderly subjects
(Belleville et al., 2011; Kirchhoff et al., 2012; Miotto et al., 2014;
Nyberg et al., 2003) and cognitively impaired patients (Belleville et al.,
2011; Hampstead et al., 2011, 2012a). Likewise, neural activity
changes have been observed after a single session or only a few sessions
of TMS or tES in healthy elderly subjects (Holland et al., 2011;
Lindenberg et al., 2013; Sole-Padulles et al., 2006) and cognitively
impaired patients (Devi et al., 2014; Khedr et al., 2014; Meinzer et al.,
2014). These results may be also related to brain flexibility, which was

previously defined as the capacity to optimize the brain’s performance
within the limits of the current state (Lövdén et al., 2010). Therefore,
considering the brief duration of the mentioned interventions, the
promotion of brain flexibility might be a more straightforward ex-
planation for the reported cognitive improvements and associated
neural activity changes than brain plasticity although the deployment
of brain plasticity mechanisms after a very brief period of time have
been also reported (Elvsåshagen et al., 2017; May et al., 2007). For
instance, May et al. (2007) demonstrated that application of repetitive
TMS over the superior temporal cortex during five consecutive days
caused macroscopic cortical changes in the gray matter of the auditory
cortex and, interestingly, these changes gave rise to brain activity
modulations. As discussed in previous research, structural changes can
be more reliably attributed to brain plasticity than functional changes
(Will et al., 2008). Nevertheless, in addition to the long-term main-
tenance of cognitive benefits and associated structural changes, the
transfer effects on untrained tasks may be also investigated to provide
evidence for brain plasticity.

Some studies have reported long-term maintenance of cognitive
benefits after interventional programmes (Mahnke et al., 2006; Zelinski
et al., 2011). However, the disappearance of cognitive improvement
and/or neural changes after intervention cessation is not uncommon.
For instance, in the study by Boyke et al. (2008), juggling training for
three months led to functional and structural changes in elderly sub-
jects; however, a follow-up assessment conducted three months after
completion of the intervention showed that the previously observed
neural changes had disappeared. According to the notion of “use it or
lose it”, LTD mechanisms may accompany intervention cessation in the
same manner as participation in an interventional programme promotes
LTP. Based on this evidence, a maintenance programme appears to be
appropriate to avoid the loss of the obtained benefits. Additionally,
interventions based on CT consider transfer effects on untrained tasks as
evidence for neuroplasticity (Lövdén et al., 2010), since improved
performance on an untrained task suggests strengthening of the brain
network underlying the executed task rather than an improvement re-
lated to task repetition effects. Nevertheless, the potential ability of
cognitive interventions to exert transfer effects on untrained tasks and/
or daily life activities is still unclear. Recent reviews have reported
promising results (Gates and Sachdev, 2014), whereas others high-
lighted limited transfer effects on untrained tasks/abilities (Huntley

Fig. 3. Neuroplasticity mechanisms related to
non-pharmacological interventions. Cognitive in-
terventions (CI): LTP and LTD mechanisms work to-
gether to strengthen connections and refine brain
connectivity patterns within specific networks that
are involved in a particular cognitive function. PE
interventions promote the release of neurotrophic
factors (mainly during aerobic exercise interven-
tions) related to neurogenesis, synaptogenesis, and
angiogenesis. Interventions based on NIBS promote a
wide range of neuroplasticity mechanisms, according
to the protocol and modality used.
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A growing body of evidence suggests that healthy elderly individuals and patients with Alzheimer’s disease
retain an important potential for neuroplasticity. This review summarizes studies investigating the modulation of
neural activity and structural brain integrity in response to interventions involving cognitive training, physical
exercise and non-invasive brain stimulation in healthy elderly and cognitively impaired subjects (including
patients with mild cognitive impairment (MCI) and Alzheimer’s disease). Moreover, given the clinical relevance
of neuroplasticity, we discuss how evidence for neuroplasticity can be inferred from the functional and structural
brain changes observed after implementing these interventions. We emphasize that multimodal programmes,
which combine several types of interventions, improve cognitive function to a greater extent than programmes
that use a single interventional approach. We suggest specific methods for weighting the relative importance of
cognitive training, physical exercise and non-invasive brain stimulation according to the functional and struc-
tural state of the brain of the targeted subject to maximize the cognitive improvements induced by multimodal
programmes.

1. Introduction

The progressive ageing of the global population is leading to an
increased prevalence of age-related disorders, such as Alzheimer’s dis-
ease (AD) (Sosa-Ortiz et al., 2012). Nevertheless, the efficacy of current
pharmacological treatments in patients with AD is among the lowest of
any therapeutic area (Hay et al., 2014). In this context, the lack of tools
for effective AD treatment creates a burden for patients and caregivers
and affects the sustainability of public health systems (Dorsey et al.,
2013). Studies of changes in cognition and the brain related to ageing
and cognitive decline and investigations into residual plasticity me-
chanisms in the brains of individuals at advanced stages of life are
important research activities that will assist in the diversification of
pharmacological targets (Cummings et al., 2014) and the development
of non-pharmacological interventions to treat and/or prevent cognitive
deficits related to AD and other forms of dementia.

Cognitive interventions (CI), physical exercise (PE) and non-in-
vasive brain stimulation (NIBS) are gaining popularity in the scientific
community as promising approaches to improve cognition during
healthy and pathological ageing. These interventions are thought to
improve cognition by promoting neuroplasticity mechanisms.

Neuroplasticity may be defined as the capability of the brain to un-
dertake long-lasting structural and functional modifications in response
to environmental demands. Structural neuroplasticity includes a set of
processes that range from neurogenesis and synaptogenesis to the ex-
pression of neurotrophic and angiogenesis factors, whereas functional
neuroplasticity involves a set of processes including long-term po-
tentiation (LTP) and long-term depression (LTD) that do not involve
changes in the brain structure (Bruel-Jungerman et al., 2007; Huang
et al., 2014). However, it is important to highlight that brain processes
related to functional neuroplasticity and brain processes related to
structural neuroplasticity interact between them, as already argued by
previous studies (Bruel-Jungerman et al., 2007). Therefore, both types
of neuroplasticity (i.e., structural and functional neuroplasticity) cannot
be considered as categorical concepts and/or independent processes. In
human studies, functional and structural neuroplasticity are typically
investigated using electroencephalogram (EEG) and magnetic re-
sonance imaging (MRI) techniques.

Evidence for structural changes in the brain after an interventional
programme may be interpreted as evidence for neuroplasticity. In
contrast, functional changes do not have a straightforward interpreta-
tion because they not only reflect neuroplasticity but also brain
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Training your brain: Do mental and physical (MAP) training
enhance cognition through the process of neurogenesis in the
hippocampus?

D.M. Curlik 2nd and T.J. Shors
Department of Psychology, Center for Collaborative Neuroscience, Rutgers University,
Piscataway, NJ

Abstract
New neurons are produced each day in the hippocampus through the process of neurogenesis.
Both mental and physical training can modify this process by increasing the number of new cells
that mature into functional neurons in the adult brain. However, the mechanisms whereby these
increases occur are not necessarily the same. Physical activity, especially aerobic exercise greatly
increases the number of new neurons that are produced in the hippocamal formation. In contrast,
mental training via skill learning increases the numbers that survive, particularly when the training
goals are challenging. Both manipulations can increase cognitive performance in the future, some
of which are reportedly mediated by the presence of new neurons in the adult hippocampus. Based
on these data, we suggest that a combination of mental and physical training, referred to here as
MAP training, is more beneficial for neuronal recruitment and overall mental health than either
activity alone.

Keywords
Neurogenesis; Learning; Hippocampus; Exercise; Mental Training; Physical Training; Cognitive
Enhancement; Fluid Intelligence

The search for a better brain
Over the last decade, a large body of literature has revealed that both mental and physical
training can improve a variety of cognitive abilities, including those related to learning and
memory. Here, we review training procedures which facilitate learning and memory through
mechanisms that coincidentally involve the incorporation of new neurons into the adult
brain. Every day, thousands of new neurons are produced in the adult brain through a
process known as adult neurogenesis (Cameron & McKay, 2001). Many of the new cells are
generated in the hippocampal formation, a brain structure necessary for many types of new
learning, and one that is highly responsive to the effects of mental and physical training.

New neurons in the hippocampus are extremely responsive to the external environment.
Aerobic exercise is the most well-characterized of these influences, because it causes a large
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Figure 3.
Physical exercise greatly increases the number of new neurons produced during training
(van Praag, et al., 1999; van Praag, 2009), and mental training increases the numbers that
survive after training (Gould et al., 1999; Shors et al., 2011). In principle, a combination of
both mental and physical (MAP) training should be more effective than either training
approach alone, increasing the overall number of neurons that survive to become mature
functioning neurons in the adult brain (Fabel et al., 2009).

Curlik and Shors Page 17

Neuropharmacology. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Figure 3.
Physical exercise greatly increases the number of new neurons produced during training
(van Praag, et al., 1999; van Praag, 2009), and mental training increases the numbers that
survive after training (Gould et al., 1999; Shors et al., 2011). In principle, a combination of
both mental and physical (MAP) training should be more effective than either training
approach alone, increasing the overall number of neurons that survive to become mature
functioning neurons in the adult brain (Fabel et al., 2009).

Curlik and Shors Page 17

Neuropharmacology. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Training your brain: Do mental and physical (MAP) training
enhance cognition through the process of neurogenesis in the
hippocampus?

D.M. Curlik 2nd and T.J. Shors
Department of Psychology, Center for Collaborative Neuroscience, Rutgers University,
Piscataway, NJ

Abstract
New neurons are produced each day in the hippocampus through the process of neurogenesis.
Both mental and physical training can modify this process by increasing the number of new cells
that mature into functional neurons in the adult brain. However, the mechanisms whereby these
increases occur are not necessarily the same. Physical activity, especially aerobic exercise greatly
increases the number of new neurons that are produced in the hippocamal formation. In contrast,
mental training via skill learning increases the numbers that survive, particularly when the training
goals are challenging. Both manipulations can increase cognitive performance in the future, some
of which are reportedly mediated by the presence of new neurons in the adult hippocampus. Based
on these data, we suggest that a combination of mental and physical training, referred to here as
MAP training, is more beneficial for neuronal recruitment and overall mental health than either
activity alone.

Keywords
Neurogenesis; Learning; Hippocampus; Exercise; Mental Training; Physical Training; Cognitive
Enhancement; Fluid Intelligence

The search for a better brain
Over the last decade, a large body of literature has revealed that both mental and physical
training can improve a variety of cognitive abilities, including those related to learning and
memory. Here, we review training procedures which facilitate learning and memory through
mechanisms that coincidentally involve the incorporation of new neurons into the adult
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learning, and one that is highly responsive to the effects of mental and physical training.

New neurons in the hippocampus are extremely responsive to the external environment.
Aerobic exercise is the most well-characterized of these influences, because it causes a large

© 2012 Elsevier Ltd. All rights reserved.
Correspondence should be addressed to shors@rutgers.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Neuropharmacology. Author manuscript; available in PMC 2014 January 01.

Published in final edited form as:
Neuropharmacology. 2013 January ; 64(1): 506–514. doi:10.1016/j.neuropharm.2012.07.027.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Morris et al 2016

46

Rôle de l’exercice physique

Restorative Neurology and Neuroscience 34 (2016) 977–988
DOI 10.3233/RNN-160687
IOS Press

977

The role of physical exercise in cognitive
recovery after traumatic brain injury:
A systematic review

Timothy Morrisa,c, Joyce Gomes Osmanb,d, Jose Maria Tormos Muñoza,
David Costa Miserachsc and Alvaro Pascual Leoneb,∗
aThe Guttmann University Institute for Neurorehabilitation, Universitat Autónoma de Barcelona,
Badalona, Spain
bBerenson-Allen Center for Noninvasive Brain Stimulation, Department of Neurology, Beth Israel
Deaconess Medical Center, Harvard Medical School, Boston, MA, USA
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Table 1
Study characteristics of the 6 PE, TBI and cognition studies

Author Sample Size/Mean Age
(years)/(control
group? y/n)

TBI type and severity Intervention (type,
frequency, intensity)

Length of
Intervention

Cognitive measure Primary Result

Chin et al.
(2015)

7/32.9 ± 6.5/n Chronic
non-penetrating
TBI. Mild = 4,
Moderate = 3

Treadmill, 3∗30 mins/w at
70–80% HRR

12 weeks TMT-A/B∗, RBANS∗ Significant improvements in
TMT-A/B from baseline and in 3
out of 5 RBANS tests on
visuospatial/constructional
language and delayed memory

Lee at al. (2014) 12/48.22 ± 18.2/y-
waitlist AB cross over
design

Chronic TBI IntenSati, 2∗60 mins/w.
Intensity n.s

8 weeks TMT-A/B, Stroop colour
and word, DSF and
DSB (WAIS)

Non-significant small-to-medium
effect size from baseline to
post-treatment in all participants
on the stroop test

McMillan et al.
(2002)

35/31.4 ± 11/y- non
intervention control

Sub-acute to chronic
TBI (3–12 months
post-injury) Median
GCS of 10

PE fitness training, 4∗

45 mins sessions.
Intensity n.s

4 weeks TMT-A/B, AMIPB,
PASAT, SMQ

No significant between group or
post-treatment results. Significant
difference in self-reported
cognitive failures questionnaire at
12-month follow-up

Bateman et al.
(2001)

44 (TBI), 70 (stroke) 43
(other)/41.7 ± 14.3/y-
relaxation exercises

Sub-acute to Chronic
(median of 22
weeks post-injury)

Cycle ergometer,
3∗30 mins/w at 60–80%
HRR

12 weeks FIM-cog No significant increase in between
groups at 12 week follow-up

Grealy et al.
(1999)

13/32.3 ± 13.1/y- age,
severity and time
since lesion matched
controls

Sub-acute to Chronic
(1.7–178.6 weeks
post-injury) Severe
TBI (GCS of 3–7)

Virtual reality cycle
ergometer, 3∗25 mins/w
at 10–12 on Borg rating
scale

4 weeks TMT/A/B, DSF, DSB,
DS∗ (WAIS), AL∗,
Complex figure (Rey),
VL∗, LM (AMIPB)

Significant improvements in AL and
VL as well as DS but no sig. in
DSF/B o TMT/B

Gordon et al.
(1998)†

64/37.8 ± 10.3/y-
TBIsed, non-TBIsed
and non-TBIex

Chronic TBI Self-reported exercise of
at least 3∗30 mins/w

6 months TIRR symptom checklist Exercisers reported significantly less
cognitive symptoms compared to
non-exercisers

TMT-A/B = Trail making tests A and B; RBANS = Repeatable battery for the assessment of neurological symptoms; DSF, DSB = Digit span forward and backward; WAIS = Wechsler adult
intelligence scale; DS = Digit symbol; AMIPB = The adult memory and information processing battery; PASAT = Paced auditory serial addition test; SMQ = Sunderland memory questionnaire;
FIM-cog = Cognitive measures of the Functional independence measure; AL = Auditory learning; VL = Verbal learning; LM = logic memory; GCS = Glasgow Coma Scale, measure of lesion severity;
HRR = heart rate reserve, IntenSati = physical exercise regime combined with self-affirmation verbal exercises. n.s = not specified, ∗ = significant change (p < .05). † = Self-reported retrospective
study; TBIsed = TBI patients who did not exercise; TBIex = TBI patients who undertook exercise.
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Abstract
Objective—Comprehensive review of the use of computerized treatment as a rehabilitation tool 
for attention and executive function in adults (aged 18 years or older) who suffered an acquired 
brain injury.

Design—Systematic review of empirical research.

Main Measures—Two reviewers independently assessed articles using the methodological 
quality criteria of Cicerone et al. Data extracted included sample size, diagnosis, intervention 
information, treatment schedule, assessment methods, and outcome measures.

Results—A literature review (PubMed, EMBASE, Ovid, Cochrane, PsychINFO, CINAHL) 
generated a total of 4931 publications. Twenty-eight studies using computerized cognitive 
interventions targeting attention and executive functions were included in this review. In 23 
studies, significant improvements in attention and executive function subsequent to training were 
reported; in the remaining 5, promising trends were observed.

Conclusions—Preliminary evidence suggests improvements in cognitive function following 
computerized rehabilitation for acquired brain injury populations including traumatic brain injury 
and stroke. Further studies are needed to address methodological issues (eg, small sample size, 
inadequate control groups) and to inform development of guidelines and standardized protocols.
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Background and aim: Advances in computing technology enabled researchers 
and clinicians to exploit technological devices for cognitive training and 
rehabilitation interventions. This expert review aims to describe the available 
software and device used for cognitive training or rehabilitation interventions of 
patients with neurological disorders.

Methods: A scoping review was carried out to analyze commercial devices/
software for computerized cognitive training (CCT) in terms of feasibility and 
efficacy in both clinical and home settings. Several cognitive domains responding 
to the different patients’ needs are covered.

Results: This review showed that cognitive training for patients with neurological 
diseases is largely covered by several devices that are widely used and validated in 
the hospital setting but with few translations to remote/home applications. It has 
been demonstrated that technology and software-based devices are potential 
and valuable tools to administer remotely cognitive rehabilitation with accessible 
costs.

Conclusion: According to our results, CCT entails the possibility to continue 
cognitive training also in different settings, such as home, which is a significant 
breakthrough for the improvement of community care. Other possible areas of 
use should be the increase in the amount of cognitive therapy in the free time 
during the hospital stay.

KEYWORDS

rehabilitation software, telerehabilitation, cognitive rehabilitation, computer-based, 
rehabilitation, executive functions, memory, attention

OPEN ACCESS

EDITED BY

Teresa Paolucci,  
University of Studies G. d'Annunzio Chieti and 
Pescara, Italy

REVIEWED BY

Elisabetta Farina,  
Fondazione Don Carlo Gnocchi Onlus (IRCCS), 
Italy  
Marta Altieri,  
Sapienza University of Rome, Italy

*CORRESPONDENCE

Rocco Salvatore Calabrò  
 Salbro77@tiscali.it

†These authors have contributed equally to this 
work

RECEIVED 08 July 2023
ACCEPTED 31 August 2023
PUBLISHED 29 September 2023

CITATION

Maggio MG, De Bartolo D, Calabrò RS, 
Ciancarelli I, Cerasa A, Tonin P, Di Iulio F, 
Paolucci S, Antonucci G, Morone G and 
Iosa M (2023) Computer-assisted cognitive 
rehabilitation in neurological patients: state-
of-art and future perspectives.
Front. Neurol. 14:1255319.
doi: 10.3389/fneur.2023.1255319

COPYRIGHT

© 2023 Maggio, De Bartolo, Calabrò, 
Ciancarelli, Cerasa, Tonin, Di Iulio, Paolucci, 
Antonucci, Morone and Iosa. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Review
PUBLISHED 29 September 2023
DOI 10.3389/fneur.2023.1255319

Maggio et al 2023

Frontiers in Neurology 01 frontiersin.org

Computer-assisted cognitive 
rehabilitation in neurological 
patients: state-of-art and future 
perspectives
Maria Grazia Maggio 1†, Daniela De Bartolo 2,3†, 
Rocco Salvatore Calabrò 1*, Irene Ciancarelli 4, Antonio Cerasa 5,6,7, 
Paolo Tonin 6, Fulvia Di Iulio 3, Stefano Paolucci 3, 
Gabriella Antonucci 8, Giovanni Morone 4,9 and Marco Iosa 3,8

1 IRCCS Centro Neurolesi “Bonino Pulejo”, Messina, Italy, 2 Department of Human Movement Sciences, 
Faculty of Behavioral and Movement Sciences, Amsterdam Movement Sciences & Institute for Brain and 
Behavior Amsterdam, Vrije Universiteit Amsterdam, Amsterdam, Netherlands, 3 IRCCS Santa Lucia 
Foundation, Rome, Italy, 4 Department of Life, Health and Environmental Sciences, University of L’Aquila, 
L’Aquila, Italy, 5 Institute for Biomedical Research and Innovation (IRIB), National Research Council of 
Italy, Messina, Italy, 6 S’Anna Institute, Crotone, Italy, 7 Pharmaco Technology Documentation and 
Transfer Unit, Preclinical and Translational Pharmacology, Department of Pharmacy, Health Science and 
Nutrition, University of Calabria, Rende, Italy, 8 Department of Psychology, Sapienza University of Rome, 
Rome, Italy, 9 San Raffaele Institute of Sulmona, Sulmona, Italy

Background and aim: Advances in computing technology enabled researchers 
and clinicians to exploit technological devices for cognitive training and 
rehabilitation interventions. This expert review aims to describe the available 
software and device used for cognitive training or rehabilitation interventions of 
patients with neurological disorders.

Methods: A scoping review was carried out to analyze commercial devices/
software for computerized cognitive training (CCT) in terms of feasibility and 
efficacy in both clinical and home settings. Several cognitive domains responding 
to the different patients’ needs are covered.

Results: This review showed that cognitive training for patients with neurological 
diseases is largely covered by several devices that are widely used and validated in 
the hospital setting but with few translations to remote/home applications. It has 
been demonstrated that technology and software-based devices are potential 
and valuable tools to administer remotely cognitive rehabilitation with accessible 
costs.

Conclusion: According to our results, CCT entails the possibility to continue 
cognitive training also in different settings, such as home, which is a significant 
breakthrough for the improvement of community care. Other possible areas of 
use should be the increase in the amount of cognitive therapy in the free time 
during the hospital stay.

KEYWORDS

rehabilitation software, telerehabilitation, cognitive rehabilitation, computer-based, 
rehabilitation, executive functions, memory, attention

OPEN ACCESS

EDITED BY

Teresa Paolucci,  
University of Studies G. d'Annunzio Chieti and 
Pescara, Italy

REVIEWED BY

Elisabetta Farina,  
Fondazione Don Carlo Gnocchi Onlus (IRCCS), 
Italy  
Marta Altieri,  
Sapienza University of Rome, Italy

*CORRESPONDENCE

Rocco Salvatore Calabrò  
 Salbro77@tiscali.it

†These authors have contributed equally to this 
work

RECEIVED 08 July 2023
ACCEPTED 31 August 2023
PUBLISHED 29 September 2023

CITATION

Maggio MG, De Bartolo D, Calabrò RS, 
Ciancarelli I, Cerasa A, Tonin P, Di Iulio F, 
Paolucci S, Antonucci G, Morone G and 
Iosa M (2023) Computer-assisted cognitive 
rehabilitation in neurological patients: state-
of-art and future perspectives.
Front. Neurol. 14:1255319.
doi: 10.3389/fneur.2023.1255319

COPYRIGHT

© 2023 Maggio, De Bartolo, Calabrò, 
Ciancarelli, Cerasa, Tonin, Di Iulio, Paolucci, 
Antonucci, Morone and Iosa. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Review
PUBLISHED 29 September 2023
DOI 10.3389/fneur.2023.1255319



Réhabilitation cognitive informatisée

Maggio et al 2023

Maggio et al. 10.3389/fneur.2023.1255319

Frontiers in Neurology 03 frontiersin.org

The list of articles was then refined based on relevance and 
summarized according to the inclusion/exclusion criteria. 
Furthermore, to ensure a greater homogeneity in the results, after the 
removal of duplicates, the articles were evaluated on the basis of the 
titles and abstracts by two independent researchers (DDB and MGM). 
These researchers read the full text of articles suitable for the study and 
performed the data collection to reduce the risk of bias (i.e., language 
bias; publication bias; time-lag bias). In case of disagreement on the 
inclusion and exclusion criteria, the final decision was made by two 
senior investigators (RSC and GM).

Data extraction was performed on 190 articles. Data were 
considered for the following information: year and type of 
publication (e.g., clinical studies, pilot study), characteristics of the 
participants involved in the study, and purpose of the study 
(Figure 1). After a thorough review of the complete manuscripts, 34 
studies articles met the exclusion/exclusion criteria (Table  1). 
We  reported as a primary outcome the one identified by the 
researchers, for each study, as between-group (in RCT design) or 
within-subjects difference (for studies with only one group) on the 
first-level test, and secondary outcome as differences within groups 
(for RCT) or on second-level tests (for single-group studies). For 
every study, we  selected only significant results adjusted for 
multiple comparisons.

3. Results

Although our research in PubMed, Embase, Cochrane 
Database, and Web of Science has found many technological 
devices used in CR, only the 10 most cited devices were selected. 
The information obtained from the selection of studies was 
organized in two tables. Table 1 reports the list of devices and their 
main characteristics, as well as the studies and clinical populations 
on which they were tested. Table 2, indeed, shows what type of 
study was carried out, how the device was used, and what the results 
are in terms of treatment efficacy. Most of the selected devices (6 
out 11) are supplied in software mode. Then, they can be used by 
purchasing a stand-alone license, which has a limited duration to 
the subscription chosen on the manufacturer’s website. Of these, 
only CogMED (14–19) provides a special license for its usage and 
a specific training for the online tutor. Three devices (Lumosity, 
Brain HQ, Brain Gymmer) are either available as PC software or can 
be installed as an app on tablet/phone devices. Finally, only one 
represents a telerehabilitation platform (NeuroPersonalTrainer) 
that allows patients to carry out Hospital and home rehabilitation. 
In most studies included in Table 2, these devices were tested to 
evaluate their effectiveness compared to conventional rehabilitation. 
This review reveals that cognitive training for patients with 

FIGURE 1

Schematic representation of the clinical use of the different cognitive devices and software. The figure illustrates the different devices and cognitive 
functions trained in the different pathologies and in which setting they were used (home or in hospital). The figure reflects the fields of application as 
evident from the literature selected in this review.
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ABSTRACT
A systematic review and meta-analysis based on randomized
controlled trials (RCTs) from the last 10 years was conducted
to identify the effect of computer-based training compared
to routine methods on post-stroke cognitive rehabilitation
and to provide recommendations for future research. A
literature search was performed in the Cochrane Library,
EMBASE, PubMed, EBSCO (CINAHL), and Web of Science that
focused on studies comparing the effects of computerized
cognitive training and routine methods in stroke survivors.
After extraction of the study characteristics and
methodological quality evaluation, a meta-analysis was
conducted using the standard model based on the level of
the overall cognitive domain. Ten out of 201 studies were
included in the systematic review, with a total of 600 stroke
survivors. The average age of the participants ranged from
42.1 to 66 years old, 305 participants used the computer-
based training method, and males accounted for
approximately 58.5%. All studies compared the baseline
characteristics of participants at the onset of their studies,
and no significant difference was shown. Six studies that
reported the results for the overall cognitive domain were
further analyzed by meta-analysis. The outcome of the meta-
analysis showed that the effect size was 0.61 with a 95%
confidence interval [−0.18, 0.35], and the P value (P = 0.54)
indicated no significant difference between the control group
and the computer-based cognitive training group. The results
of the meta-analysis, based on a limited number of studies,
did not show significant superiority of computer-based
cognitive training compared to the traditional method in
post-stroke patients. More high-quality studies focusing on
different illness phases and various types of intervention
software should be conducted to improve the meta-analysis
and to explore the influence of computer-based cognitive
training by subgroup analysis.
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ABSTRACT
Cognitive impairments are among the most common sequences of patients with traumatic brain 
injury (TBI). Computerized cognitive rehabilitation uses multimedia and informatics resources to 
deliver cognitive training. This review aims to investigate the effects of computerized cognitive 
training in patients with TBI. PubMed, SCOPUS, MEDLINE, PEDro, Web of Science, REHABDATA, and 
EMBASE were searched from their inception until August 2023. The methodological quality was 
assessed using the Cochrane Collaboration tool. After screening 461 records, a total of six studies 
met the specified inclusion criteria and involved 270 participants (mean age 46.91 years), 41% of 
whom were female. The included studies exhibited “high” quality on the Cochrane Collaboration 
tool. There were improvements in various cognitive domains in patients with TBI following 
computerized cognitive training. Computerized cognitive training is a safe intervention for patients 
with TBI. The evidence for the effect of computerized cognitive training on patients with TBI is 
promising. Combining computerized cognitive training with other interventions may yield more 
beneficial effects in improving cognitive function in patients with TBI than computerized cognitive 
training alone. Additional studies with larger sample sizes and long-term follow-up are warranted.

Introduction

Traumatic brain injury (TBI) is a neurological disorder that 
results from different forms of trauma, ranging from a blow 
to a penetrating injury to the brain. TBI is a prevalent cause 
of cognitive impairment among young individuals (de Freitas 
Cardoso et  al., 2019). In the United States, approximately 1.7 
million individuals experience TBIs, with adolescents between 
ages 15 and 19 having a higher risk of sustaining such inju-
ries (Georges, 2023). The extent and severity of cognitive 
impairments following TBIs depend on factors such as the 
injury’s mechanism, demographics, and social elements 
(Nakajima, 2006). Among the most frequently observed cog-
nitive impairments after a TBI are memory deficits (90%), 
attention disorders (82%), and executive function impair-
ments (75%). These cognitive challenges significantly impact 
the rehabilitation outcomes, the ability to return to work, 
and the necessity for support (Brown et  al., 2011).

Cognitive rehabilitation primarily aims to enhance cogni-
tive deficits (Cicerone et  al., 2011; Serino et  al., 2007). 
Numerous investigations have explored the efficacy of cogni-
tive rehabilitation in patients with TBI (Alashram, Janada, 
et  al., 2023; Alashram, Padua, et  al., 2023; Bergquist et  al., 
2009). Despite these studies indicating a favorable impact of 
cognitive rehabilitation following TBI, the existing literature 
does not provide a definitive conclusion.

In recent years, computerized cognitive rehabilitation 
has emerged as an innovative approach to cognitive reha-
bilitation (Van De Ven et  al., 2016). This therapy consists 
of various exercises and games designed to enhance cog-
nitive functions. Computerized cognitive rehabilitation 
uses multimedia and informatics resources with specific 
hardware and software systems to deliver cognitive train-
ing for memory, attention, problem-solving, job-related 
skills, language, praxis, and processing speed (Nie 
et  al., 2021).

Computerized cognitive rehabilitation is considered a 
promising option for people with mild cognitive impair-
ment or dementia (Nie et  al., 2021). It has been recog-
nized as a viable alternative to traditional cognitive 
rehabilitation methods. This therapy involves using a 
computer and familiar IT technology, and its clinical 
effectiveness has been validated in patients with various 
cognitive conditions, including stroke, multiple sclerosis, 
and dementia (Irazoki et  al., 2020; Nie et  al., 2021; Vilou 
et  al., 2020).

The use of computerized cognitive training during the 
rehabilitation process offers several advantages. It demon-
strates significant potential for improving cognitive 
well-being and capabilities (Glisky et  al., 1986). The poten-
tial of computerized cognitive rehabilitation to enhance 
mental health and function, its low implementation and 
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Background: Stroke is a highly incapacitating disease that can lead to
disabilities due to cognitive impairment, physical, emotional, and social
sequelae, and a decrease in the quality of life of those affected. Moreover, it
has been suggested that cognitive reserve (patients’ higher levels of education
or having a skilled occupation), for instance, can promote faster cognitive
recovery after a stroke. For this reason, this review aims to identify the
cognitive, functional, and behavioral effects of computerized rehabilitation
in patients aged 50 years or older who had a stroke, considering cognitive
reserve proxies.

Methods: We followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis—PRISMA, and performed the search for peer-reviewed
randomized controlled trials without a date restriction on CINAHL, LILACS,
PubMed, Scopus, and Web of Science databases were chosen.

Results: We screened 780 papers and found 19 intervention studies, but
only 4 met the inclusion criteria and shared data. These studies included
computerized tools for motor and cognitive rehabilitation in the experimental
groups. In all studies, computerized training was combined with other
interventions, such as standard therapy, occupational therapy, and aerobic
exercises. There were 104 participants affected by ischemic or hemorrhagic
stroke, predominantly male (57.69%), and all with cognitive impairment.

Conclusion: Despite a limited number of studies, varied methods and
insufficient information available, schooling as a CR proxy combined with
high-intensity computerized cognitive training was key to mediating cognitive
improvement. The systematic review also identified that the associated
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ischemic stroke and shorter time of onset for rehabilitation contribute
to the cognitive evolution of patients. Findings do not support a greater
benefit of computerized cognitive training compared to conventional
cognitive therapies.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=296193], identifier [CRD42022296193].
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Introduction

According to theWorld Health Organization, as of 2015, life
expectancy increased worldwide to a mean of 63.1 years old. In
comparison to 50 years ago, people are living on average 20 years
more, which may determine a longer retirement (World Health
Organization, 2015). The mean age for productive (working)
life is 62 years old in 12 countries studied (9 countries in
Europe, the United States, Canada, and Japan) by Börsch-Supan
and Coile (2018), which expresses the importance of e�ective
rehabilitation of patients who su�ered a stroke, allowing them
to productively work and have a better quality of life.

The increase in life expectancy creates healthcare challenges
due to aging-related diseases, such as stroke (Wafa et al.,
2020; Nie et al., 2022). Stroke is a focal neurological deficit
with rapid advancement arising from an injury caused by an
interruption of the blood supply in the injured brain region
(Albers et al., 2002). Strokes are divided into two categories,
ischemic and hemorrhagic. The ischemic is the most frequent
and presents the obstruction of a vessel. The mechanism of the
injury is subdivided into atherosclerosis of large arteries and
cardioembolic or small vessel diseases. The hemorrhagic one
presents a blood vessel rupture and is more severe and fatal
(Petty et al., 1999; Grysiewicz et al., 2008). In addition, there is
the Transient Ischemic Attack, an event that occurs for less than
24 h with the momentary interruption of a vessel. The Transient
Ischemic Attack shows focal symptoms, lasts about an hour, and,
without e�ective infarction (Albers et al., 2002), is considered a
potential predictor of stroke (Johnston et al., 2000).

Stroke is the second leading cause of death worldwide,
being the leading cause of disability in adults and is commonly
connected to dependence and dementia (Feigin et al., 2014;
McHutchison et al., 2017). The global burden and prevalence of
stroke are progressive. Among the 16.7 million people annually
a�ected by it in the world, 1/3 will not survive, and another 1/3
will present some cognitive impairment or dementia (Hachinski
and World Stroke Organization, 2015; McHutchison et al.,
2017). Among patients with stroke, older adults are those
with an increased risk of disability and mortality, in which

the ischemic type is more frequent than the hemorrhagic one
(Winovich et al., 2017).

Some investigations show that Cognitive Reserve (CR)
proxies can provide functional strategies and an increased
e�ciency in cognitive processing, enabling greater resistance
to brain damage (Stern, 2002). In this sense, CR proxies can
interact and positively mediate the e�ects of brain damage
in strokes (Umarova et al., 2019). For instance, regarding
schooling, Ojala-Oksala et al. (2012) conducted a study with
486 patients who had an ischemic stroke. They pointed out that
this proxy was an e�ective mediator of the outcome after an
ischemic stroke. The study by Umarova et al. (2019) investigated
the influence of CR, through schooling, in the cognitive recovery
of patients with ischemic stroke in the right hemisphere (mean
13.4± 3.1). Schooling predicted the severity of cognitive deficits
in working memory and executive functions in acute ischemia,
regardless of age and lesion size.

CR is conceptualized as the relationship between the
severity of brain damage and clinical manifestations, and it
can be accessed in the face of functional impairment (Stern,
2021). More importantly, it can influence rehabilitation due
to stroke-related damage (Ojala-Oksala et al., 2012; Umarova
et al., 2019; Rosenich et al., 2020). CR derives from factors
capable of shaping intellectual e�ciency throughout life and
depends on lifestyle factors that lead to individual di�erences
in brain networks. Thus, it is understood that CR proxies (such
as education, occupational level, and physical activities, etc.)
contribute to the formation of more resistant neural networks
that protect cognitive function, even in neuropathological
progress (Stern, 2012). On the other hand, the Brain Reserve
(Katzman, 1993) corresponds to the quantitative neural
characteristics such as brain size or neuron count (Barulli and
Stern, 2013) that the individual has to respond to brain damage
caused, for example, by stroke.

Corroborating this, the meta-analysis of McHutchison et al.
(2017) comprising 90 articles, including approximately 164,683
participants with stroke andmore than 5 million without stroke,
sought to explore the risk of stroke in adulthood associated
with low education, low socioeconomic status and/or low
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Review

Introduction
Across the last decades, noninvasive brain stimulation 
(NIBS) has become an increasingly popular tool to modu-
late motor and behavioral function in basic and clinical 
research. NIBS protocols can be used to disrupt or facili-
tate processing and enable the researcher to probe the 
causal relevance of specific brain regions for a given task. 
When applied in a plasticity-inducing fashion, stimulation 
effects may outlast the stimulation duration, which is par-
ticularly interesting for learning and training interventions. 
Common NIBS approaches include transcranial magnetic 
stimulation (TMS) and transcranial electrical stimulation, 
with the latter summarizing transcranial direct current 
stimulation (tDCS), transcranial alternating current stimu-
lation (tACS), and transcranial random noise stimulation. 
Box 1 summarizes the basic principles of common NIBS 
approaches. Crucial for the present review, NIBS protocols 
can be applied concurrently with a task (“online”) or sepa-
rated in time (“offline”). Online protocols are particularly 
suited to provide causal structure-function relationships 
(Walsh and Cowey 2000) because such protocols directly 
modulate ongoing task processing. Unlike studies in 

patients with brain lesions, the acute transient effect of 
online stimulation leaves the brain no time for functional 
reorganization and is thus not confounded by chronic pro-
cesses of functional recovery. In contrast to such direct 
interference, offline protocols are usually given before a 
task to modulate activity in the targeted area for a longer 
time, outlasting the stimulation duration for up to 1 h 
(Chung and others 2016). In some cases, offline stimula-
tion may also be given after a task—for example, to modu-
late consolidation processes in learning paradigms.
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Noninvasive Brain Stimulation:  
Multiple Effects on Cognition
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Abstract
Noninvasive brain stimulation (NIBS) techniques are widely used tools for the study and rehabilitation of cognitive 
functions. Different NIBS approaches aim to enhance or impair different cognitive processes. The methodological 
focus for achieving this has been on stimulation protocols that are considered either inhibitory or facilitatory. 
However, despite more than three decades of use, their application is based on incomplete and overly simplistic 
conceptualizations of mechanisms of action. Such misconception limits the usefulness of these approaches in the basic 
science and clinical domains. In this review, we challenge this view by arguing that stimulation protocols themselves are 
neither inhibitory nor facilitatory. Instead, we suggest that all induced effects reflect complex interactions of internal 
and external factors. Given these considerations, we present a novel model in which we conceptualize NIBS effects 
as an interaction between brain activity and the characteristics of the external stimulus. This interactive model can 
explain various phenomena in the brain stimulation literature that have been considered unexpected or paradoxical. 
We argue that these effects no longer seem paradoxical when considered from the viewpoint of state dependency.
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Changes in intensity, task difficulty, or state of adapta-
tion can turn a disruptive effect of brain stimulation into 
facilitation. Nonlinearites have also been observed in 
the neural effects of TMS in single-cell recordings. As 
discussed earlier, low-intensity TMS can induce a facili-
tation in early visually induced neural firing, which 
turns into a suppression of neuronal activity at high 
TMS intensities (Moliadze and others 2003). To explain 
the nonlinear interactions between stimulation intensity 
and neural excitability, Silvanto and Cattaneo (2017) 
proposed a model in which the combination of stimula-
tion strength and neural excitability determines whether 
behavioral responses are facilitated or impaired. This 
model is shown in Figure 5. It is based on the idea that 
there are specific intensity ranges at which TMS either 
enhances or inhibits neural activity and behavior. The 
key issue is that these ranges are shifted by changes in 
neuronal excitability. As illustrated on the right side of 
the model, a consequence of excitability reduction 
induced by adaptation is the shift of facilitatory-inhibi-
tory ranges toward higher-stimulation intensities. If 
excitability is increased by engagement of attention, 
lower intensities are needed to obtain similar effects 
than is the case at “baseline.” The outcome is that a 
TMS intensity, which at “baseline” facilitates behavior, 
can have a disruptive effect when excitability has been 
increased. This occurs because the shift in the facilita-
tory-inhibitory range modulates whether a given TMS 
intensity is facilitatory or suppressive.

We argue that this model can be generalized to other 
NIBS protocols as the underlying mechanisms reflect 
general interactions between the current brain state and 
the modulatory input of a given NIBS protocol. While 

intensity is usually kept constant in transcranial electrical 
stimulation studies, some previous work points to nonlin-
earities in response to different tDCS and tACS intensi-
ties (Moliadze and others 2012) and a strong interaction 
with the current cognitive task (Antal and others 2007). 
Moreover, as outlined earlier, other external factors such 
as stimulation frequency and stimulation duration have 
been demonstrated to interact with internal factors and 
are thus crucial for the observed outcome (Fig. 6). 
However, research on brain state–dependent NIBS effects 
is still at its infancy, and it is too early to make strong 
predictions regarding the exact outcome of such interac-
tions in different experimental settings.

Conclusions and Future Directions
NIBS protocols are powerful tools for the modulation of 
motor and cognitive functions in the human brain. As out-
lined in this review, the impact of a specific protocol 
strongly depends on the complex interaction of internal 
factors (e.g., brain state, age, sex, attention, and fatigue) 
and external factors (e.g., stimulation intensity, duration, 
and frequency), which often results in unexpected find-
ings or null effects. Considering such interactions may 
explain effects that have been traditionally considered 
paradoxical, such as unexpected facilitation of behavioral 
responses. Future studies in large cohorts are required to 
explore the impact of such interactions and identify those 
factors that contribute to the strong interindividual vari-
ability in motor and cognitive tasks. We note that our con-
clusions are limited because we did not perform a 

Figure 5. A model for state dependency in noninvasive 
brain stimulation studies. Noninvasive brain stimulation 
has distinct ranges of behavioral/neural facilitation as a 
function of the strength of the applied current, illustrated for 
transcranial magnetic stimulation. These ranges are shifted 
by changes in neural excitability. Consequently, at a given 
transcranial magnetic stimulation intensity, either facilitation 
or impairment can be obtained, depending on current neural 
excitability level. Adapted from Silvanto and Cattaneo (2017).

Figure 6. Different factors that influence the impact of 
noninvasive brain stimulation on task performance. Internal 
factors are illustrated in red and external factors in blue. 
These factors strongly interact and influence each other 
and the outcome of a given noninvasive brain stimulation 
protocol, which may result in inhibition or facilitation of task 
performance. Illustrated for transcranial magnetic stimulation.
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Introduction
Across the last decades, noninvasive brain stimulation 
(NIBS) has become an increasingly popular tool to modu-
late motor and behavioral function in basic and clinical 
research. NIBS protocols can be used to disrupt or facili-
tate processing and enable the researcher to probe the 
causal relevance of specific brain regions for a given task. 
When applied in a plasticity-inducing fashion, stimulation 
effects may outlast the stimulation duration, which is par-
ticularly interesting for learning and training interventions. 
Common NIBS approaches include transcranial magnetic 
stimulation (TMS) and transcranial electrical stimulation, 
with the latter summarizing transcranial direct current 
stimulation (tDCS), transcranial alternating current stimu-
lation (tACS), and transcranial random noise stimulation. 
Box 1 summarizes the basic principles of common NIBS 
approaches. Crucial for the present review, NIBS protocols 
can be applied concurrently with a task (“online”) or sepa-
rated in time (“offline”). Online protocols are particularly 
suited to provide causal structure-function relationships 
(Walsh and Cowey 2000) because such protocols directly 
modulate ongoing task processing. Unlike studies in 

patients with brain lesions, the acute transient effect of 
online stimulation leaves the brain no time for functional 
reorganization and is thus not confounded by chronic pro-
cesses of functional recovery. In contrast to such direct 
interference, offline protocols are usually given before a 
task to modulate activity in the targeted area for a longer 
time, outlasting the stimulation duration for up to 1 h 
(Chung and others 2016). In some cases, offline stimula-
tion may also be given after a task—for example, to modu-
late consolidation processes in learning paradigms.
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Abstract
Noninvasive brain stimulation (NIBS) techniques are widely used tools for the study and rehabilitation of cognitive 
functions. Different NIBS approaches aim to enhance or impair different cognitive processes. The methodological 
focus for achieving this has been on stimulation protocols that are considered either inhibitory or facilitatory. 
However, despite more than three decades of use, their application is based on incomplete and overly simplistic 
conceptualizations of mechanisms of action. Such misconception limits the usefulness of these approaches in the basic 
science and clinical domains. In this review, we challenge this view by arguing that stimulation protocols themselves are 
neither inhibitory nor facilitatory. Instead, we suggest that all induced effects reflect complex interactions of internal 
and external factors. Given these considerations, we present a novel model in which we conceptualize NIBS effects 
as an interaction between brain activity and the characteristics of the external stimulus. This interactive model can 
explain various phenomena in the brain stimulation literature that have been considered unexpected or paradoxical. 
We argue that these effects no longer seem paradoxical when considered from the viewpoint of state dependency.
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Outil permettant aux équipes soignantes
de mieux prendre en compte la dimension psychosociale
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COMETE
COMPÉTENCES PSYCHOSOCIALES 

EN EDUCATION DU PATIENT

Outil permettant aux équipes soignantes
de mieux prendre en compte la dimension psychosociale

Livret de l’utilisateur

? •  Favoriser l’expression des dimensions psychosociales 
dans le discours du patient et mieux savoir les repérer,

•  Développer les compétences psychosociales des patients 
lors des activités éducatives collectives,

•  Évaluer le développement des compétences psychosociales 
des patients à l’issue de la démarche éducative.

En s’appuyant sur les travaux de l’Organisation Mondiale de la Santé (OMS) autour 
des compétences psychosociales, 8 thématiques ont été choisies par le comité 
de pilotage pour répartir les compétences psychosociales :

Pour chaque thématique, des compétences ont été identifi ées. Elles sont présentées 
dans le tableau intitulé « Pour accéder aux fi ches » en page 4-5.
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L'outil COMETE permet de mieux prendre en compte les 
compétences psychosociales en aidant et accompagnant 

les professionnels de l’éducation thérapeutique à aborder cette thématique 
dans des temps de partage avec les malades adultes, que ce soit pendant 
le bilan éducatif partagé, les séances éducatives ou encore l’évaluation. Cet 
outil propose donc des activités pour développer et évaluer les compétences 
psychosociales. 

Ce projet a été fi nancé par l’Agence régionale de santé Provence-Alpes-
Côte d’Azur (ARS Paca). Il a été réalisé par le Comité régional d’éducation 
pour la santé Provence-Alpes-Côte d’Azur (CRES Paca) avec le concours de 
professionnels soignants et de représentants de patients.

Tous les éléments constitutifs de COMETE sont téléchargeables sur le site 
du CRES Paca : www.cres-paca.org

Remarque : 
Cet outil a pour ambition d’être une aide pour les équipes. Les manières d’envisager 
les compétences psychosociales, leur place dans l’éducation thérapeutique 
du patient (ETP) et la manière de les aborder avec les patients sont multiples. 
C’est pourquoi cet outil pédagogique n’a pas pour vocation à résumer ce qu’est 
l’approche psychosociale de la maladie et ne prétend pas explorer l’ensemble des 
compétences psychosociales des individus, inscrites dans notre système culturel. 
Les activités proposées peuvent être modifi ées.

Les temps d’un programme d’éducation thérapeutique sont des moments privilégiés 
de la relation soignant-soigné, mais chaque moment d’échange, d’écoute et de 
partage, qu’il soit formel ou informel, permet également aux patients de développer 
et de renforcer leurs compétences psychosociales.

L’éducation thérapeutique du patient est aussi un lieu d’accompagnement, de 
rencontre singulière, une aventure humaine qui ne peut être réduite à l’utilisation 
de techniques et d’outils. 

 1 livret de l’utilisateur

 47 fi ches pédagogiques 

 6 jeux de cartes
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FICHE 30  - Mieux s’exprimer pour mieux s’affi rmer

87
89
92

Les projets de vie, l’avenir

Se projeter dans l’avenir 
FICHE 4  - Passé et avenir 
FICHE 31  - Je peux le faire 

18
97

Élaborer des projets 
FICHE 32  - Construire un projet
FICHE 19  - Scénario catastrophe

102
63

Conscientiser ses besoins FICHE 33  -  Valeurs personnelles et maladie, ce qui est 
important pour moi 

105

Fixer des buts
FICHE 34  - Ma cible
FICHE 19  - Scénario catastrophe

107
63

Trouver ses motivations
FICHE 35  - Ma motivation à changer 
FICHE 33  -  Valeurs personnelles et maladie, ce qui est 

important pour moi

110

105

Évaluer sa motivation à changer FICHE 35  - Ma motivation à changer 110

L’entourage, les ressources

Maintenir les liens sociaux
FICHE 36  - Les aidants, qui peut m’aider et comment ?
FICHE 37  - Mon carnet d’adresses

113
115

Identifi er les aidants FICHE 36  - Les aidants, qui peut m’aider et comment ? 113

Savoir s’allier avec un soignant FICHE 38  - Communiquer avec son professionnel de santé 119

Savoir demander de l’aide 
FICHE 38  - Communiquer avec son professionnel de santé 
FICHE 39  - Demander de l’aide

119
122

Accepter l’aide de l’entourage FICHE 40  - Un fi let protecteur 125

Savoir impliquer son entourage
FICHE 16  - Le voyage imaginaire 
FICHE 41  - Impliquer son entourage

51 
128

La confi ance en soi

Oser demander FICHE 42  - Comment oser demander ? 131

Savoir s’affi rmer FICHE 43  - Savoir s’affi rmer 135

Savoir évaluer son sentiment 
de capacité personnelle

FICHE 29  - Force de caractère 89

Se faire confi ance dans ses capacités 
à gérer la maladie

FICHE 44  - Mon blason gagnant 139

Identifi er ses potentialités, ce que l’on peut faire
FICHE 28  - Le confl it argumentatif
FICHE 45  - Un héros au quotidien

87
143

ÉVALUER LES COMPÉTENCES PSYCHOSOCIALES
T H É M ATIQU E S COM P É T E NC E S F I C H E S  P É DAGO GIQU E S PAGE

Toutes Toutes

FICHE 46  - Aide à la construction 
                        du bilan éducatif partagé fi nal
FICHE 47  -  Aide à l'évaluation de l'évolution 

des compétences psychosociales

146

152

Pour accéder aux fi ches

4 CRES Paca, ARS Paca 5CRES Paca, ARS Paca

?
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&KDFXQ� GH� FHV� RXWLOV� HVW� ¢� XWLOLVHU� DYHF� SDUFLPRQLH�� HQ� DGDSWDQW� VRQ
FRQWHQX� ¢� OD� SHUVRQQH�TXH� O
RQ� DFFRPSDJQH�� /
REMHFWLI� HVW� GH�SRXUVXLYUH
DYHF�HOOH�XQ�WUDYDLO�TXL�VRLW�FHQWU«�VXU�VHV�SUREO«PDWLTXHV��VHV�VRXKDLWV�HW
VHV�EHVRLQV��/
XVDJHU�HVW�DFWHXU�HW�G«FLGHXU�GH�VRQ�SURSUH�SDUFRXUV
GH�VRLQV�

/HV� RXWLOV� SU«VHQW«V� DX� FĕXU� GH� FH� GRVVLHU� RQW� SRXU� DPELWLRQ
G
DFFRPSDJQHU�OHV�XVDJHUV�DX�VHLQ�GH�OHXU�SDUFRXUV�G
DFFRPSDJQHPHQW�
8WLOLV«V�SDU�GHV�SURIHVVLRQQHO�OH�V� VHQVLELOLV«�H�V�¢� OD� UHP«GLDWLRQ�FRJQLWLYH
HW�¢�VD�SKLORVRSKLH��LOV�FLEOHQW�GHV�IRQFWLRQV�FRJQLWLYHV�VS«FLILTXHV�

02'(�'
(03/2,

/HV�RXWLOV�VRQW�DSSDUL«V�VHORQ�XQ�FRGH�FRXOHXU�HW�GHV� ORJRV�� UHSU«VHQWDQW
DLQVL�FKDTXH�JURXSH�GH�IRQFWLRQV�FRJQLWLYHV��WHO�TXH�SU«VHQW«HV�FL�GHVVRXV�

3RXU�¬WUH�RSWLPDO��O
DFFRPSDJQHPHQW�VHUD�¢�YLV«H�«FRORJLTXH�� F
HVW�¢�GLUH
DYHF�GHV�DFTXLV�WUDQVI«UDEOHV�GX�EXUHDX� YHUV� OD�YLH�TXRWLGLHQQH� GH� OD
SHUVRQQH�

&��3HUDLR�	�0��&HUEDL�������
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6DYRLU� HQWUHWHQLU� VRQ� FKH]�VRL� Q«FHVVLWH� GH� QRPEUHXVHV� KDELOHW«V�� ¢
FRPPHQFHU� SDU� O
DXWRU«JXODWLRQ�� OHV� IRQFWLRQV� YLVXRSHUFHSWLYHV
RX�HQFRUH� OHV� IRQFWLRQV�H[«FXWLYHV� �LFL� �� MXJHPHQW�HW�SODQLILFDWLRQ��
/H�ODQJDJH��OD�P«PRLUH�HW�OHV�SUD[LHV�VRQW�«JDOHPHQW�VROOLFLW«V�

3UHQGUH�VRLQ�GH�VRLQ�Q«FHVVLWH�GHV�FDSDFLW«V�G
DXWRU«JXODWLRQ�HW�GH
FRQVFLHQFH�GH�VRL��/HV�SUD[LHV��FDSDFLW«V�¢�H[«FXWHU�GHV�JHVWHV�GDQV
XQ�EXW�GRQQ«��VRQW�«JDOHPHQW�VROOLFLW«HV��GH�P¬PH�TXH�OHV�IRQFWLRQV
H[«FXWLYHV�HW�YLVXRSHUFHSWLYHV�

/HV� W¤FKHV� TXH� QRXV� HIIHFWXRQV� DX� TXRWLGLHQ� UHTXLªUHQW
O
XWLOLVDWLRQ� GH� QRV� IRQFWLRQV� FRJQLWLYHV�� 0DLV� OHVTXHOOHV� VRQW
XWLOLV«HV� HW� GDQV� TXHOV� FRQWH[WHV� "� 1RXV� UHSUHQRQV� LFL� OHV
WUDYDX[�GH�&��3DTXHWWH���������QHXURSV\FKRORJXH�DX�4X«EHF�

3U«SDUHU� XQ� UHSDV� Q«FHVVLWH� GH� QRPEUHXVHV� FDSDFLW«V� �� DWWHQWLRQ�
DXWRU«JXODWLRQ�� IRQFWLRQV� H[«FXWLYHV� HW� YLVXRSHUFHSWLYHV�
ODQJDJH��P«PRLUH�HW�SUD[LHV�� /H� SUHQGUH� UHTXLHUW� «JDOHPHQW� XQH
SDUWLH�GH�FHV�IRQFWLRQV��HQ�SOXV�GH�OD�FRQVFLHQFH�GH�VRL�

3DTXHWWH��&����������*XLGH�GHV�PHLOOHXUHV�SUDWLTXHV�HQ�U«DGDSWDWLRQ�FRJQLWLYH��384�

35(1'5(�62,1�'(�62,��+<*,y1(��+$%,//$*(��$33$5(1&(�

1875,7,21��35z3$5(5�(7�35(1'5(�81�5(3$6�

(175(7,(1�'(�621�'20,&,/(��/(66,9(��0z1$*(��5$1*(0(17�

�



68

&2*1,7,21�(7�4827,',(1

6DYRLU� HQWUHWHQLU� VRQ� FKH]�VRL� Q«FHVVLWH� GH� QRPEUHXVHV� KDELOHW«V�� ¢
FRPPHQFHU� SDU� O
DXWRU«JXODWLRQ�� OHV� IRQFWLRQV� YLVXRSHUFHSWLYHV
RX�HQFRUH� OHV� IRQFWLRQV�H[«FXWLYHV� �LFL� �� MXJHPHQW�HW�SODQLILFDWLRQ��
/H�ODQJDJH��OD�P«PRLUH�HW�OHV�SUD[LHV�VRQW�«JDOHPHQW�VROOLFLW«V�

3UHQGUH�VRLQ�GH�VRLQ�Q«FHVVLWH�GHV�FDSDFLW«V�G
DXWRU«JXODWLRQ�HW�GH
FRQVFLHQFH�GH�VRL��/HV�SUD[LHV��FDSDFLW«V�¢�H[«FXWHU�GHV�JHVWHV�GDQV
XQ�EXW�GRQQ«��VRQW�«JDOHPHQW�VROOLFLW«HV��GH�P¬PH�TXH�OHV�IRQFWLRQV
H[«FXWLYHV�HW�YLVXRSHUFHSWLYHV�

/HV� W¤FKHV� TXH� QRXV� HIIHFWXRQV� DX� TXRWLGLHQ� UHTXLªUHQW
O
XWLOLVDWLRQ� GH� QRV� IRQFWLRQV� FRJQLWLYHV�� 0DLV� OHVTXHOOHV� VRQW
XWLOLV«HV� HW� GDQV� TXHOV� FRQWH[WHV� "� 1RXV� UHSUHQRQV� LFL� OHV
WUDYDX[�GH�&��3DTXHWWH���������QHXURSV\FKRORJXH�DX�4X«EHF�

3U«SDUHU� XQ� UHSDV� Q«FHVVLWH� GH� QRPEUHXVHV� FDSDFLW«V� �� DWWHQWLRQ�
DXWRU«JXODWLRQ�� IRQFWLRQV� H[«FXWLYHV� HW� YLVXRSHUFHSWLYHV�
ODQJDJH��P«PRLUH�HW�SUD[LHV�� /H� SUHQGUH� UHTXLHUW� «JDOHPHQW� XQH
SDUWLH�GH�FHV�IRQFWLRQV��HQ�SOXV�GH�OD�FRQVFLHQFH�GH�VRL�

3DTXHWWH��&����������*XLGH�GHV�PHLOOHXUHV�SUDWLTXHV�HQ�U«DGDSWDWLRQ�FRJQLWLYH��384�
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&RQVRPPHU� UHYLHQW� ¢� GHYRLU� LGHQWLILHU� OHV� DFKDWV�� ORFDOLVHU�
SU«YRLU� XQ� EXGJHW���� &HOD� Q«FHVVLWH� DXWRU«JXODWLRQ�� FDSDFLW«V
GH� FDOFXO�� IRQFWLRQV� H[«FXWLYHV� HW� YLVXRSHUFHSWLYHV�� PDLV
DXVVL� GHV�KDELOHW«V� ODQJDJLªUHV� HW� VRFLDOHV�� OD�P«PRLUH� HW
O
RULHQWDWLRQ� WHPSRUHOOH� HW� VSDWLDOH�� &HOD� FRUUHVSRQG
«JDOHPHQW� DX[� IRQFWLRQV� VROOLFLW«HV� SDU� O
XWLOLVDWLRQ� GH� VHUYLFHV
�EDQTXHV��FRPPHUFHV��VHUYLFHV�VRFLDX[��VRLQV�P«GLFDX[�����

3RXU� VH� UHQGUH� ¢� GHVWLQDWLRQ� HQ� WRXWH� V«FXULW«� �REVWDFOHV�� «QHUJLH�
SDVVDJHV� FORXW«V������ LO� HVW� Q«FHVVDLUH� GH� PRELOLVHU� QRWUH� DWWHQWLRQ�
QRWUH� FDSDFLW«�G
DXWRU«JXODWLRQ��PDLV�«JDOHPHQW�QRWUH�FRQVFLHQFH
GH� VRL�� QRV� IRQFWLRQV� H[«FXWLYHV� HW� YLVXRSHUFHSWLYHV�� QRWUH
P«PRLUH�HW�QRWUH�RULHQWDWLRQ�VSDWLDOH�

3ODQLILHU�VRQ� WUDMHW��¬WUH�SRQFWXHO�� VDYRLU� OLUH� OHV�KRUDLUHV�� U«VHUYHU�XQ
WD[L���� 7RXW� FHFL� Q«FHVVLWH� GH� O
DWWHQWLRQ�� GH� O
DXWRU«JXODWLRQ�� DLQVL
TXH� QRWUH� FRQVFLHQFH� GH� VRL�� QRV� IRQFWLRQV� H[«FXWLYHV� HW
YLVXRSHUFHSWLYHV�� QRWUH� ODQJDJH�� QRV� KDELOHW«V� VRFLDOHV�� QRWUH
P«PRLUH�HW�QRWUH�RULHQWDWLRQ�WHPSRUHOOH�HW�VSDWLDOH�

�WDEOLU�HW�PDLQWHQLU�GHV�UHODWLRQV�DYHF�OHV�SURFKHV�GHPDQGH�GH
O
DXWRU«JXODWLRQ��XQH�FRQVFLHQFH�GH�VRL��PDLV�«JDOHPHQW�GHV
FDSDFLW«V�H[«FXWLYHV��LFL���MXJHPHQW��IOH[LELOLW«��SODQLILFDWLRQ��
OH� ODQJDJH�� OHV�KDELOHW«V�VRFLDOHV� HW� OD�P«PRLUH�� ΔGHP�SRXU
OHV�UHODWLRQV�VRFLDOHV�HQ�J«Q«UDO��

3DTXHWWH��&����������*XLGH�GHV�PHLOOHXUHV�SUDWLTXHV�HQ�U«DGDSWDWLRQ�FRJQLWLYH��384�
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$XWRU«JXODWLRQ�� FRQVFLHQFH� GH� VRL�� IRQFWLRQV� H[«FXWLYHV� �LFL� �
IOH[LELOLW«�� MXJHPHQW�� SODQLILFDWLRQ� HW� DEVWUDFWLRQ��� ODQJDJH�
KDELOHW«V�VRFLDOHV��P«PRLUH����&RPPXQLTXHU�UHTXLHUW�WRXW�XQ�SDQHO�GH
IRQFWLRQV� FRJQLWLYHV� �� (W� OD� OHFWXUH� HW� O
«FULWXUH� LPSOLTXHQW� «JDOHPHQW� OHV
IRQFWLRQV�YLVXRSHUFHSWLYHV��DLQVL�TXH�OHV�SUD[LHV�SRXU�OD�GHX[LªPH�

3RXYRLU�J«UHU�VRQ�DUJHQW�TX�TXRWLGLHQ��YHLOOHU�DX[�ILQDQFHV�FRXUDQWHV
�OR\HU��HWF���HW�V
RFFXSHU�GHV�DVVXUDQFHV�RX�GHV�SODFHPHQWV�Q«FHVVLWH
GH� QRPEUHX[� SODQV� GH� OD� FRJQLWLRQ� �� DXWRU«JXODWLRQ�� FDOFXO�
IRQFWLRQV� H[«FXWLYHV� �LFL� MXJHPHQW�� IOH[LELOLW«�� UDLVRQQHPHQW� RX
HQFRUH�SODQLILFDWLRQ���PDLV�DXVVL�OHV�FDSDFLW«V�YLVXRSHUFHSWLYHV��OH
ODQJDJH��OD�P«PRLUH�HW�O
RULHQWDWLRQ�WHPSRUHOOH�

6DYRLU� VH� J«UHU� HW� V
RFFXSHU� GH� VD� VDQW«� UHTXLHUW� OH� IRQFWLRQQHPHQW
FRJQLWLI� GDQV� VD� JOREDOLW«�� 1RWRQV� SDU� H[HPSOH� O
DWWHQWLRQ� HW� OD
FRQVFLHQFH�GH�VRL��PDLV�OH�IRQFWLRQQHPHQW�H[«FXWLI�HVW�«JDOHPHQW
SULPRUGLDO�¢� OD�JHVWLRQ�GH�VRQ�TXRWLGLHQ��GH�P¬PH�TXH� OHV�FDSDFLW«V
GH�P«PRLUH��OH�ODQJDJH�HW�O
RULHQWDWLRQ�WHPSRUHOOH�SDU�H[HPSOH�

3UHQGUH�GHV�UHQGH]�YRXV��DUULYHU�¢� O
KHXUH��J«UHU�VHV�DFWLYLW«V�HW�WHQLU�XQ
DJHQGD�SDU�H[HPSOH��VRQW�WDQW�GH�W¤FKHV�TXL�VRQW�HVVHQWLHOOHV�¢�OD�JHVWLRQ
GX� WHPSV�� (OOHV� GHPDQGHQW� XQH�DXWRU«JXODWLRQ�� XQ� IRQFWLRQQHPHQW
H[«FXWLI� HIILFLHQW�� GH� ERQQHV� FRPS«WHQFHV� VRFLDOHV�� PQ«VLTXHV�
ODQJDJLªUHV��DLQVL�TX
XQH�RULHQWDWLRQ�WHPSRUHOOH�DG«TXDWH�

3DTXHWWH��&����������*XLGH�GHV�PHLOOHXUHV�SUDWLTXHV�HQ�U«DGDSWDWLRQ�FRJQLWLYH��384�
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En pratique: proposer une prise en charge

Prise en charge:

-évaluation formelle, observation, anamnèse
-approche plurielle, intégrée et centrée sur la personne
importance de la formulation de cas

Différents niveaux d’intervention complémentaires:

-déficits cognitifs
-déficits spécifiquement émotionnels et sociaux (ex: programme visant 
à améliorer la reconnaissance des émotions faciales)

-interventions psychologiques sur les croyances, anxiété, dépression, 
buts, etc…
-interventions comportementales
-interventions familiales, interpersonnelles
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aspects of the issue. To achieve this, cognitive rehabilitation incorporates different 

psychological models, such as neuropsychological, psychoeducational, behavioral and 

emotional model 197 (Fig 16).  

 

Figure 16 Approach and models used in cognitive rehabilitation.  

From neuropsychology, cognitive rehabilitation has taken the concept of comprehensively assess patient situation, including 
cognitive profile, medical factors, and psychosocial well-being. This thorough pre-intervention evaluation ensures a 
personalized and effective treatment strategy. In some cases, cognitive rehabilitation also integrates the direct stimulation 
of the brain through cognitive training.  

Behavioral approaches have provided the concept of positive reinforcement and learning theory.  Positive reinforcement 
involves the use of rewards or favorable consequences to increase the likelihood of a specific behavior being repeated. When 
an individual engages in a desired behavior and receives a positive outcome, such as praise, tokens, or tangible rewards, they 
are more likely to perform that behavior again in the future. Learning theory is a broad framework that encompasses various 
psychological theories explaining how individuals acquire new behaviors and adapt their existing ones based on their 
experiences with the environment. In the context of interventions, learning theory guides the selection of appropriate 
strategies, techniques, and rewards to facilitate cognitive growth. It recognizes that behavior change is a dynamic process 
influenced by environmental interactions. Incorporating positive reinforcement and learning theory into interventions 
enhances their effectiveness by tapping into the principles of motivation, repetition, and adaptive learning. This helps 
individuals actively engage in their treatment journey, fostering cognitive improvements and overall well-being. 

Psychoeducation has provided two main concepts: compensatory behavior which refers to the adaptive strategies and actions 
individuals employ to counterbalance or offset perceived deficiencies or challenges. In the context of interventions, 
understanding compensatory behaviors allows for targeted approaches that help individuals effectively navigate and mitigate 
their cognitive limitations or impairments. By recognizing and addressing compensatory behaviors, interventions can be 



Colère Conscience des 
difficultés 

•«Je veux être une mère proche de mes 
enfants» 
•«La communication dans le couple est 

importante» 
•«Le travail et la reconnaissance par les 

pairs est importante» 
•«Quand je suis malade, je récupère 

vite» 
Valeurs/croyances 

contestées 

Impact personnel: 
- frustration 
- inquiétudes & 

ruminations 
- prob. à s’endormir 
- Diminution du 

sentiment 
d’efficacité 
personnelle 

- Croyances 
négatives sur soi, 
autrui et la 
réhabilitation 

Impact 
interpersonnel: 

- conflits  (époux) 
 

Fatigue 
Déficits cognitifs 

 
- Mémoire de travail 
- flexibilité 
- Inhibition 
 

Valeurs, croyances, postulats pré-TC 

Ressources 
 bonne récupération 
 conscience des difficultés 
 motivation intrinsèque 
 soutien social (famille, amis) 

 

Impulsivité 

Ex formulation de cas Lucien Rochat
http://lessamedisdeneuropsychologie.org/neuropsychologie-des-emotions-evaluation-et-prise-en-charge/ 

http://lessamedisdeneuropsychologie.org/neuropsychologie-des-emotions-evaluation-et-prise-en-charge/
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En pratique: proposer une prise en charge

Thérapie globale et individuelle 
Peyroux et Franck, 2014, 2016

Déroulement de la PEC sur 12 semaines (3 séances d’1h/semaine)
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Troubles du comportement: exemples d’ateliers

Soutiens du projet 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATELIER D’INFORMATIONS ET D’ECHANGES 
FAMILLES ET PROFESSIONNELS 
A partir de l’étude : Analyse et valorisation de l’expertise d’usage des proches et des 
blessés face aux troubles comportementaux après traumatisme crânien 

Acteurs du projet 

https://youtu.be/vSMP3alC2IY

 

2 

 

1. OBJECTIFS DE L’ATELIER 

L’atelier « modifications comportementales après un traumatisme crânien » a pour 

objectif d’améliorer la compréhension, la connaissance, les attitudes et 

l’accompagnement face aux “troubles comportementaux post traumatiques” après un 
traumatisme crânien (TC) grave ou modéré. 

Cet atelier a été construit en 2015, il fait suite à une étude financée par la FIRAH 
(Fondation Internationale de Recherche Appliquée sur le Handicap), réalisée en 

collaboration entre l’Université d’Angers, la Mutualité Française Anjou Mayenne 49-53-Pôle 

Lésion Cérébrale (Arceau Anjou), le Centre de Réadaptation Les Capucins (Angers), l’UNAFTC 
(Union Nationale des Associations de Familles de Traumatisés Crâniens et de cérébrolésés). 

Cette étude porte sur l’expertise d’usage des proches et des blessés dans le cadre de ces 

troubles comportementaux/modifications comportementales. 

 Voir le rapport final de l’étude disponible en ligne, 

http://www.mfam.fr/FORMATION-INFORMATION-SUR-TC 

L’atelier a pour but d’apporter des connaissances théoriques, en laissant une grande 
part aux échanges et à la discussion. Il a pour objectif de valoriser l’expérience, le savoir 

et les compétences des aidants, c’est à dire leur expertise d’usage. Il s’agit d’une 

formation basée sur l’échange de savoir, dans une forme de co-construction.  

Chaque savoir, qu’il soit professionnel ou profane, a une valeur égale et dans ce sens, les 

formateurs doivent laisser une grande part aux échanges entre les proches et les 

professionnels. L’objectif de l’atelier n’est pas d’apporter un ensemble de « bonnes 

Pour davantage de renseignements, notamment sur l’atelier d’échange et d’information, la page 
internet de ressources pour dispenser ces ateliers, les contacts sont : 

Marie-Christine Cazals, 

UNAFTC, Union Nationale des Associations de Familles de Traumatisés Craniens et de cérébrolésés,  

91-93 rue Damrémont 75015 Paris, 
marie-christine.cazals@orange.fr 

www.traumacranien.org 

Virginie Saout, 

MFAM 49-53, dispositif lésion cérébrale acquise – Arceau Anjou, 
4 rue de l’Abbé Frémond 49100 Angers, 

accueil.ueros@mfam49-53.fr 

J1 partie théorique
apporter des connaissances et des 
informations via des professionnels du 
sanitaire, du médico-social et 
associatif, enrichi par les échanges, 
les questions et les éclairages des 
participants à la formation (c’est-à-
dire de l’expertise de chacun)

http://www.mfam.fr/FORMATION-INFORMATION-SUR-TC 

J2 partie pratique
fait appel au «théâtre forum» et à la «conférence 
populaire ». 
préparée et animée par un comédien 
professionnel, membre d’un réseau de théâtre 
institutionnel (principe: considérer que tous les 
savoirs sont égaux, il n'y a pas de prééminence 
d'un type de savoir (par exemple entre 
professionnel et proche familial) 

En pratique: proposer une prise en charge

https://youtu.be/vSMP3alC2IY
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Troubles du comportement: Programme FARO

En pratique: proposer une prise en charge

Ensemble,
donnons des AILES
à notre santé !

https://fondationhcl.fr

Gymnase

Balnéothérapie

Bureau des admissions 
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PROGRAMME FARO
APPRENDRE À SE CONNAÎTRE, RÉGULER 

SES ÉMOTIONS ET INTERAGIR AVEC SON 
ENVIRONNEMENT SOCIAL

Hôpital Henry Gabrielle
Service de médecine physique

et de réadaptation

20 route de Vourles
69230 Saint - Genis - Laval

GÉNÉRALITÉS

PROGRAMME FARO EN PRATIQUE

Ses objectifs
−  Mieux comprendre les modifi cations de comportement, en participant à des 

tables rondes d’éducation thérapeutique 
− Être capable de gérer ses émotions et son rythme de vie
− Reprendre confi ance en soi et retrouver une nouvelle dynamique
− Développer les compétences de son entourage pour être mieux accompagné
− Être capable de transférer ses acquis dans la vie quotidienne

Le programme Faro a été conçu par des professionnels en 
collaboration avec des patients partenaires et des familles de 
patients. Il a pour ambition de vous accompagner, en impliquant 
votre entourage dans la compréhension et la gestion des troubles 
du comportement liés à la lésion cérébrale acquise.

Le programme se déroule sur cinq semaines en hospitalisation 
complète, en groupe de quatre personnes. Il associe des séances 
de rééducation en groupe, avec des ateliers sur la relation à 
soi, aux autres et à son environnement social, des tables rondes 
à visée d’éducation thérapeutique et des rencontres avec des 
patients partenaires. Des séances individuelles complètent le 
programme pour être au plus près de vos besoins.

Des référents soignants, interlocuteurs privilégiés, vous 
accompagnent tout au long de votre parcours et font le lien entre 
vous, votre entourage et les différents intervenants. 
Les objectifs de rééducation sont établis de manière partagée, 
avec vous, votre entourage et les professionnels, afin de 
personnaliser la proposition de soins.

Ses bénéfi ces pour vous et votre entourage 
−  Mieux comprendre les causes des troubles du comportement liés à une lésion 

cérébrale acquise 
−  Mieux comprendre sa situation personnelle et identifier les situations 

problématiques à domicile
− Savoir adapter son comportement face à des situations nouvelles ou stressantes 
− Intégrer un parcours de soin spécifi que à la lésion cérébrale acquise

Ses moyens
−  Des séances de groupe et individuelles animées par des professionnels de la 

rééducation 
−  Un accompagnement individuel en dehors des séances par un professionnel 

soignant référent pour faire le lien entre les apprentissages et leurs mises en 
pratique 

−  Des tables rondes à visée d’éducation thérapeutique en présence de patients 
partenaires 

− Présentation d’outils à la gestion des émotions et de la fatigue 
− Participation active au sein du groupe

Ses professionnels
− Aides-soignant.e.s, Infi rmier.e.s
− Animateur.trice
− Assistant.e social.e
− Cadres de santé, médecins
− Enseignant.e.s en activités physiques adaptées
− Ergothérapeutes, Kinésithérapeutes
− Neuropsychologues, Psychologue
− Orthophonistes
− Pharmacien.enne.s
− Psychomotricien.ne.s
− Patient.e.s partenaire.s



	

	

	

			Programme	BORA	

	

		Hôpital	Henry	Gabrielle	
		Groupement	Hospitalier	Sud	
	
	
	
	
	
	
	
	
Du	Lundi	7	janvier	au	Jeudi	14	février	2019	
	

	

	

	

	

	 	

	
	

	

PLANNING	semaine	1	
	

	
	

Horaire	 LUNDI	07.01.2019	 Lieu	

		9	H	00	 Accueil	semaine	1	
Hôpital	de	Jour	
Pavillon	Bourret	-	1er	étage	

		9	h	30	
11	h	15	

ERGOTHERAPIE	
Pavillon	Bourret	
Rez	de	chaussée	

11	h	30	
13	h	00	

NEURO	PSY	FB	 Hôpital	de	Jour	
Pavillon	Bourret	-	1er	étage	NEURO	PSY	JG	

REPAS/PAUSE	

14	h	30	
15	h	30	

APA	
Pavillon	Bourret	–	APA	2	
Rez	de	Jardin	(niveau	-1)	

15	h	30	 MEDECIN	FB	

Hôpital	de	Jour	
Pavillon	Bourret	-	1er	étage	

16	h	00	 MEDECIN	JG	

16	h	30	 MEDECIN	FO	

17	h	00	 MEDECIN	IDR	
	
	

	 JEUDI	10.01.2019	 Lieu	

10	h	00	
11	h	15	

ERGOTHERAPIE	
Pavillon	Bourret	
Rez	de	chaussée	

11	h	30	
13	h	00	

NEURO	PSY	FO	 Hôpital	de	Jour	
Pavillon	Bourret	-	1er	étage	NEURO	PSY	IDR	

REPAS/PAUSE	

14	h	30	
15	h	30	

APA	
Pavillon	Bourret	–	APA	2	
Rez	de	Jardin	(niveau	-1)	

15	h	30	 MEDECIN	JG	

Hôpital	de	Jour	
Pavillon	Bourret	-	1er	étage	

16	h	00	 MEDECIN	FO	

16	h	30	 MEDECIN	IDR	

17	h	00	 MEDECIN	FB	
	
	
	
	

Remédiation cognitive: Programme BORA

Groupe de 4 patients
AVC ou TC ou Onco
à symptomatologie cognitive prédominante
profil plainte et déficit très proche
avec bilan préalable 
(type GRECOG-Vasc: neuropsycho et ergo +/- ortho)

2 séances par semaine pendant 6 semaines
séances en groupe: ergo, APA
séances individuelles: neuropsycho, médecin

pre/post
MOCA HAD FACT-Cog

Objectifs: 
-remédiation cognitive axée sur attention et mémoire
-métacognition avec prise de conscience de ses aptitudes en termes 
de fonctions cognitives et relations interpersonnelles
-mises en situation pour faciliter l’apprentissage et l’intégration de 
l’information dans le quotidien
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En pratique: proposer une prise en charge



Conclusion

Enjeu majeur des troubles cognitifs post lésion cérébrale, même 
(surtout?) ‘mineurs’ / notion de handicap invisible
Impact en termes de QoL, de réadaptation/réinsertion, médico-
économique
Intérêt de l’évaluation: diagnostique, pronostique/suivi, thérapeutique

Importance 
d’évaluer les 3 niveaux d’expression
d’intervenir également sur ces 3 niveaux

Proposition de rééducation/réadaptation
souvent pluridisciplinaire
variable selon délai et attentes du patient

Nécessité de développement de programmes
sur la base des données scientifiques
avec association(s) synergique(s) de différentes méthodes 
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DEFICIENCES LIMITATIONS
D’ACTIVITE

RESTRICTION DE
PARTICIPATION

Conclusion
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économique
Intérêt de l’évaluation: diagnostique, pronostique/suivi, thérapeutique

Importance 
d’évaluer les 3 niveaux d’expression
d’intervenir également sur ces 3 niveaux

Proposition de rééducation/réadaptation
souvent pluridisciplinaire
variable selon délai et attentes du patient

Nécessité de développement de programmes
sur la base des données scientifiques
avec association(s) synergique(s) de différentes méthodes 
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