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RéƍƢmé   ˮ  ̖
Mon  ƚƅaƹail  de  ƚhèƍe  ƍ˸inƍcƅiƚ  danƍ  Ƣne  aƂƂƅoche  d˸inƚégƅaƚion  mƢlƚimodale  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mƢlƚĭéchelle  ƄƢi  a  condƢiƚ  à  l˸émeƅgence  de  la  neƢƅoimageƅie  cogniƚiƹe  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƂƢlaƚion˴  Il  ƅeƂoƍe  ƍƢƅ  deƢƿ  modaliƚéƍ  de  caƅƚeƍ  foncƚionnelleƍ  ƚƅidimenƍionnelleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ  obƚenƢeƍ  en  IRMf  ˮ  leƍ  caƅƚeƍ  d˸acƚiƹaƚion  Ƃeƅmeƚƚanƚ  de  ƹiƍƢaliƍeƅ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionƍ  donƚ  l̑acƚiƹiƚé  eƍƚ  éƹoƄƢée  Ƃaƅ  Ƣn  ƂƅoceƍƍƢƍ  cogniƚif  eƚ  leƍ  caƅƚeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe  meƍƢƅanƚ  la  ƍǀnchƅoniƍaƚion  enƚƅe  deƍ  ƅégionƍ  ƍƂaƚialemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƚanƚeƍ˯  maiƍ  connecƚéeƍ  foncƚionnellemenƚ˴  J˸ai  aƂƂliƄƢé  à  ceƍ  deƢƿ  ƚǀƂeƍ  de  caƅƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  noƢƹelleƍ  méƚhodologieƍ  ƍƚaƚiƍƚiƄƢeƍ  Ƃeƅmeƚƚanƚ  de  ƚƅaiƚeƅ  à  la  foiƍ  leƍ  dimenƍionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢelleƍ  eƚ  ƍƂaƚialeƍ˴  Danƍ  Ƣne  Ƃƅemièƅe  Ƃaƅƚie˯  j˸ai  conçƢ  deƍ  aƚlaƍ  de  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ  dédiéeƍ  à  deƍ  foncƚionƍ  cogniƚiƹeƍ  ƍƂéciǏƄƢeƍ˯  baƍéƍ  ƍƢƅ  leƢƅ  laƚéƅaliƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhéƅiƄƢe  eƚ  ciblanƚ  Ƣne  ƂoƂƢlaƚion  ƍélecƚionnée  ƂoƢƅ  ƍa  faible  ƹaƅiabiliƚé˴  Je  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƍenƚe  ici  leƍ  deƢƿ  Ƃƅemieƅƍ  aƚlaƍ  dƢ  langage˴  En  effeƚ˯  bien  ƄƢ˸il  eƿiƍƚe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

nombƅeƢƍeƍ  aƂƂƅocheƍ  ƂoƢƅ  caƅƚogƅaƂhieƅ  leƍ  ƅégionƍ  dƢ  langage  cheǊ  leƍ  Ƃaƚienƚƍ˯  il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

n˸eƿiƍƚaiƚ  Ƃaƍ  d˸aƚlaƍ  deƍ  ƅéƍeaƢƿ  langagieƅƍ  cheǊ  leƍ  indiƹidƢƍ  ƍainƍ˴  J̑ai  ƚoƢƚ  d̑aboƅd  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏé  leƍ  ƅégionƍ  acƚiƹéeƍ  danƍ  l˸hémiƍƂhèƅe  gaƢche  eƚ  aƍǀméƚƅiƄƢeƍ  gaƢche˯  à  la  foiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃendanƚ  la  ƂƅodƢcƚion˯  l˸écoƢƚe  eƚ  la  lecƚƢƅe  de  Ƃhƅaƍeƍ˯  cheǊ  ʤʦʪ  indiƹidƢƍ  ƍainƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƅoiƚieƅƍ˴  L̑analǀƍe  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  enƚƅe  leƍ  ʦʥ  ƅégionƍ  idenƚiǏéeƍ  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmiƍ  de  meƚƚƅe  en  éƹidence  ƄƢ˸elleƍ  faiƍaienƚ  Ƃaƅƚie  de  ʦ  ƅéƍeaƢƿ  foncƚionnelƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƚincƚƍ˴  Le  ƚoƢƚ  conƍƚiƚƢanƚ  ainƍi  l̑aƚlaƍ  céƅébƅal  SENSAAS  ̀SENƚence  SƢƂƅamodal ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Aƅeaƍ  AƚlaŚ˴  Paƅmi  ceƍ  ƅéƍeaƢƿ˯  l˸Ƣn  comƂƅenanƚ  ʤʫ  ƅégionƍ  conƚienƚ  leƍ  Ǌoneƍ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƍenƚielleƍ  dƢ  langage  ̀SENT˻CORÉ˯  c˸eƍƚ̆à̆diƅe  leƍ  aiƅeƍ  céƅébƅaleƍ  donƚ  la  léƍion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅaîneƅaiƚ  Ƣne  déǏcience  danƍ  l˸inƚégƅaƚion  dƢ  ƍenƍ  de  la  Ƃaƅole˴  PlƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂaƅƚicƢlièƅemenƚ˯  SENT˻CORE  conƚienƚ  ʦ  ƅégionƍ  cléƍ  ̀hƢbƍ́  de  l̑inƚégƅaƚion  eƚ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diffƢƍion  de  l˸infoƅmaƚion  ƍiƚƢéeƍ  aƢ  niƹeaƢ  de  l̑aiƅe  de  Bƅoca  eƚ  de  Weƅnicke˴  J˸ai  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƍƢiƚe  aƂƂliƄƢé  ceƚƚe  méƚhodologie  à  l̑élaboƅaƚion  d̑Ƣn  aƚlaƍ  deƍ  ƅéƍeaƢƿ  dƢ  ƚƅaiƚemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ  moƚ˴  J̑ai  ainƍi  idenƚiǏé  ʥʤ  ƅégionƍ  céƅébƅaleƍ  oƅganiƍéeƍ  en  ʥ  ƅéƍeaƢƿ  diƍƚincƚƍ˯  donƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣn  ƅéƍeaƢ  ƂhonologiƄƢe  inclƢanƚ  la  boƢcle  aƢdiŏmoƚƅice˴  PoƢƅ  la  Ƃƅemièƅe  foiƍ˯  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʥ  ̖



 ̖

foƅƚe  connecƚiƹiƚé  inƚƅinƍèƄƢe  enƚƅe  la  boƢcle  aƢdiŏmoƚƅice  de  l̑hémiƍƂhèƅe  gaƢche  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  ƚƅaiƚemenƚ  ƂƅoƍodiƄƢe  ƍiƚƢé  aƢ  niƹeaƢ  dƢ  ƍillon  ƚemƂoƅal  ƍƢƂéƅieƢƅ  de  l̑hémiƍƂhèƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƅoiƚ  a  éƚé  miƍ  en  éƹidence˴  EnǏn˯  j˸ai  déƹeloƂƂé  Ƣne  noƢƹelle  méƚhode  d̑éƚƢde  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚé  de  donnéeƍ  ƚƅidimenƍionnelleƍ˴  Ceƚƚe  noƢƹelle  méƚhode  comƂoƅƚe  deƢƿ  oƢƚilƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƚhémaƚiƄƢeƍ  difféƅenƚƍ  ƍe  baƍanƚ  ƍƢƅ  Ƣn  algoƅiƚhme  de  claƍƍiǏcaƚion  aƍcendanƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hiéƅaƅchiƄƢe˴  Le  Ƃƅemieƅ  Ƃeƅmeƚ  d˸idenƚiǏeƅ  leƍ  ƹaƅiableƍ  condƢiƍanƚ  à  Ƣne  inƍƚabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  Ƃaƅƚiƚionƍ˯  le  ƍecond  Ƃeƅmeƚ  d˸eƿƚƅaiƅe  deƍ  ƍoƢƍ̆ƂoƂƢlaƚionƍ  ƍƚableƍ  d˸Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƂƢlaƚion  de  déƂaƅƚ˴  Leƍ  aƂƂlicaƚionƍ  de  l̑enƍemble  de  ce  ƚƅaƹail  ƍonƚ  nombƅeƢƍeƍ  ˮ  j˸ai  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅ  eƿemƂle  Ƣƚiliƍé  le  ƅéƍeaƢ  SENT˻CORE  ƂoƢƅ  éƚƢdieƅ  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  la  laƚéƅaliƍaƚion  hémiƍƂhéƅiƄƢe  deƍ  aiƅeƍ  ƍƢƂƅamodaleƍ  de  la  Ƃhƅaƍe˴  J̑ai  ainƍi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏé  deƢƿ  gƅoƢƂeƍ  de  ƍƢjeƚƍ  ƚǀƂiƄƢeƍ  aƍǀméƚƅiƄƢeƍ  gaƢche  ƂoƢƅ  le  langage˯  aƹec ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  foƅƚe  connecƚiƹiƚé  inƚƅăhémiƍƂhéƅiƄƢe  gaƢche  eƚ  Ƣne  faible  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅ̆hémiƍƂhéƅiƄƢe˯  ainƍi  ƄƢ̑Ƣn  gƅoƢƂe  de  ƍƢjeƚƍ  aƚǀƂiƄƢeƍ  ˮ  aƍǀméƚƅiƄƢeƍ  dƅoiƚ  ƂoƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  langage˯  Ƃƅéƍenƚanƚ  Ƣne  foƅƚe  connecƚiƹiƚé  inƚƅinƍèƄƢe  deƍ  ƅéƍeaƢƿ  dƢ  langage  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  deƢƿ  hémiƍƂhèƅeƍ  eƚ  Ƣne  foƅƚe  connecƚiƹiƚé  inƚeƅ̆hémiƍƂhéƅiƄƢe˴  SENSAAS  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

égalemenƚ  éƚé  Ƣƚiliƍé  aǏn  d̑éƚƢdieƅ  le  ƍƢƂƂoƅƚ  généƚiƄƢe  de  l̑aƚǀƂicaliƚé  dƢ  langage˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ainƍi  ƄƢe  ƂoƢƅ  la  caƅacƚéƅiƍaƚion  ƚoƂologiƄƢe  deƍ  ƅéƍeaƢƿ  mnéƍiƄƢeƍ  eƚ  lingƢiƍƚiƄƢeƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢƍ  ƍoƢffƅanƚ  d˸éƂileƂƍie  ƚemƂoƅale˴  La  noƢƹelle  méƚhode  d̑éƹalƢaƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  a˯  elle˯  éƚé  Ƣƚiliƍée  aǏn  d̑éƹalƢeƅ  la  ƍƚabiliƚé  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢeƍ   d̑Ƣn   noƢƹel   aƚlaƍ   foncƚionnel   adaƂƚé   aƢƿ   indiƹidƢƍ   de   ƂlƢƍ   de   ʨʨ   anƍ˴ ̖

 ̖

MŢƚƍ  cléƍ  ˮ  NeƢƅoƍcienceƍ  Cogniƚiƹeƍ˯  AƂƂƅenƚiƍƍage  SƚaƚiƍƚiƄƢe˯  Théoƅie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
deƍ  RéƍeaƢƿ˯  IRMf˯  NeƢƅoimageƅie˯  Langage˯  Connecƚiƹiƚé  InƚƅinƍèƄƢe˯  SƂécialiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
HémiƍƂhéƅiƄƢe  ̖

 ̖

ʦ  ̖



 ̖

Tiƚleˮ  ElabŢƅaƚiŢŘ  Of  BƅaiŘ  NeƚƺŢƅk  Aƚlaƍeƍ  UŘdeƅƂiŘŘiŘg  ̖ ̖ ̖ ̖ ̖ ̖ ̖
LaƚeƅaliǊed  CŢgŘiƚiƹe  FƢŘcƚiŢŘƍ˯  AƂƂlicaƚiŢŘ  TŢ  The  SƚƢdǀ  Of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
IŘƚeƅ̆iŘdiƹidƢal   Vaƅiabiliƚǀ   Of   LaŘgƢage  ̖
  ̖̖

Abƍƚƅacƚˮ  ̖
Mǀ  ƚheƍiƍ  ƺoƅk  iƍ  Ƃaƅƚ  of  a  mƢlƚĭmodal  and  mƢlƚĭƍcale  inƚegƅaƚion  aƂƂƅoach  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƺhich  haƍ  led  ƚo  ƚhe  emeƅgence  of  cogniƚiƹe  and  ƂoƂƢlaƚion  neƢƅoimaging˴  Moƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂeciǏcallǀ˯  fMRI  Ƃƅoƹideƍ  ƚƺo  ƚǀƂeƍ  of  ƚhƅeĕdimenƍional  fƢncƚional  bƅain  maƂƍˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚiƹaƚion  maƂƍ  alloƺing  foƅ  ƹiƍƢaliǊing  bƅain  ƅegionƍ  diƅecƚlǀ  inƹolƹed  in  a  cogniƚiƹe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅoceƍƍ˯  and  inƚƅinƍic  connecƚiƹiƚǀ  maƂƍ  meaƍƢƅing  ƚhe  ƍǀnchƅoniǊaƚion  beƚƺeen  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂaƚiallǀ  diƍƚanƚ  bƢƚ  fƢncƚionallǀ  connecƚed  ƅegionƍ˴  I  haƹe  aƂƂlied  neƺ  ƍƚaƚiƍƚical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

meƚhodologieƍ  ƚo  ƚheƍe  ƚƺo  ƚǀƂeƍ  of  maƂƍ˯  alloƺing  me  ƚo  deal  ƺiƚh  boƚh  ƚhe  indiƹidƢal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

and  ƚhe  ƍƂaƚial  dimenƍionƍ˴  In  ƚhe  Ǐƅƍƚ  Ƃaƅƚ˯  I  deƍigned  aƚlaƍeƍ  of  bƅain  ƅegionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dedicaƚed  ƚo  ƍƂeciǏc  cogniƚiƹe  fƢncƚionƍ˯  baƍed  on  ƚheiƅ  hemiƍƂheƅic  laƚeƅaliǊaƚion  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚaƅgeƚing  a  ƂoƂƢlaƚion  ƍelecƚed  foƅ  iƚƍ  loƺ  ƹaƅiabiliƚǀ˴  I  Ƃƅeƍenƚ  heƅe  ƚhe  Ǐƅƍƚ  ƚƺo  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langƢage  aƚlaƍeƍ˴  Indeed˯  alƚhoƢgh  ƚheƅe  aƅe  manǀ  aƂƂƅoacheƍ  ƚo  maƂ  langƢage  aƅeaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

in  Ƃaƚienƚƍ˯  ƚheƅe  ƺaƍ  no  aƚlaƍ  of  neƚƺoƅkƍ  ƍƢƂƂoƅƚing  langƢage  fƢncƚionƍ  in  healƚhǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢalƍ  ƍo  faƅ˴  I  Ǐƅƍƚ  idenƚiǏed  lefƚ  acƚiƹaƚed  and  lefƚ  aƍǀmmeƚƅical  ƅegionƍ˯  boƚh  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢƅing  ƍenƚence  ƂƅodƢcƚion˯  liƍƚening  and  ƅeading˯  in  ʤʦʪ  healƚhǀ  ƅighƚ̆handed  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢalƍ˴  Analǀƍiƍ  of  ƚhe  inƚƅinƍic  connecƚiƹiƚǀ  beƚƺeen  ƚhe  ʦʥ  idenƚiǏed  ƅegionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƹealƍ  ƚhaƚ  ƚheǀ  aƅe  Ƃaƅƚ  of  ʦ  diƍƚincƚ  fƢncƚional  neƚƺoƅkƍ˯  ƺhich  conƍƚiƚƢƚe  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SENSAAS  ̀SENƚence  SƢƂƅamodal  Aƅeaƍ  AƚlaŚ  bƅain  aƚlaƍ˴  Among  ƚheƍe  neƚƺoƅkƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

one  ƺiƚh  ʤʫ  ƅegionƍ  conƚainƍ  ƚhe  eƍƍenƚial  langƢage  aƅeaƍ  ̀SENT˻CORÉ˯   i˳e˳  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bƅain  aƅeaƍ  ƺhoƍe  leƍion  leadƍ  ƚo  an  imƂaiƅmenƚ  in  ƚhe  inƚegƅaƚion  of  ƚhe  meaning  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂeech˴  SƂeciǏcallǀ˯  SENT˻CORE  conƚainƍ  ʦ  hƢbƍ  ƍƢƂƂoƅƚing  ƚhe  infoƅmaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚegƅaƚion  and  diƍƍeminaƚion˯  localiǊed  in  ƚhe  Bƅoca  and  Weƅnicke  aƅea˴  I  ƚhen  aƂƂlied  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhiƍ  meƚhodologǀ  ƚo  ƚhe  elaboƅaƚion  of  an  aƚlaƍ  of  ƺoƅd  Ƃƅoceƍƍing  neƚƺoƅkƍ˴  I  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏed  ʥʤ  bƅain  ƅegionƍ  oƅganiǊed  inƚo  ʥ  diƍƚincƚ  neƚƺoƅkƍ˯  one  of  ƺhich  iƍ  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃhonological  neƚƺoƅk  inclƢding  ƚhe  aƢdiŏmoƚoƅ  looƂ˴  Foƅ  ƚhe  Ǐƅƍƚ  ƚime˯  a  ƍƚƅong  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍic  connecƚiƹiƚǀ  beƚƺeen  ƚhe  lefƚ  aƢdiŏmoƚoƅ  looƂ  and  ƚhe  Ƃƅoƍodic  Ƃƅoceƍƍing˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

locaƚed  in  ƚhe  ƢƂƂeƅ  ƚemƂoƅal  ƍƢlcƢƍ  of  ƚhe  ƅighƚ  hemiƍƂheƅe˯  iƍ  eƹidenced˴  Finallǀ˯  I  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƹeloƂed  a  neƺ  meƚhod  foƅ  ƍƚƢdǀing  ƚhe  ƹaƅiabiliƚǀ  of  ƚhƅeĕdimenƍional  daƚa˴  Thiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʧ  ̖



 ̖

neƺ  meƚhod  inclƢdeƍ  ƚƺo  diffeƅenƚ  maƚhemaƚical  ƚoolƍ  baƍed  on  hieƅaƅchical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

agglomeƅaƚiƹe  clƢƍƚeƅing  algoƅiƚhmƍ˴  The  Ǐƅƍƚ  one  makeƍ  iƚ  Ƃoƍƍible  ƚo  idenƚifǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiableƍ  leading  ƚo  Ƃaƅƚiƚion  inƍƚabiliƚǀ˯  ƚhe  ƍecond  one  alloƺƍ  foƅ  eƿƚƅacƚing  ƍƚable  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢb̆ƂoƂƢlaƚionƍ  fƅom  a  ƍƚaƅƚing  ƂoƂƢlaƚion˴  The  aƂƂlicaƚionƍ  of  all  of  ƚhiƍ  ƺoƅk  aƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

nƢmeƅoƢƍˮ  foƅ  eƿamƂle˯  I  Ƣƍed  ƚhe  SENT˻CORE  neƚƺoƅk  ƚo  ƍƚƢdǀ  ƚhe  inƚeƅ̆indiƹidƢal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚǀ  of  hemiƍƂheƅic  laƚeƅaliǊaƚion  of  ƚhe  ƍenƚence  ƍƢƂƅamodal  aƅeaƍ˴  I  haƹe  ƚhƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏed  ƚƺo  gƅoƢƂƍ  of  ƚǀƂical  aƍǀmmeƚƅic  lefƚ  langƢage  indiƹidƢalƍ˯  ƺiƚh  high  lefƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅăhemiƍƂheƅic  inƚƅinƍic  connecƚiƹiƚǀ  and  loƺ  inƚeƅ̆hemiƍƂheƅic  connecƚiƹiƚǀ˯  and  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gƅoƢƂ  of  aƚǀƂical  indiƹidƢalƍˮ  ƅighƚƺaƅd  aƍǀmmeƚƅical  foƅ  langƢage˯  ƺiƚh  high  inƚƅinƍic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚǀ  of  langƢage  neƚƺoƅkƍ  in  boƚh  hemiƍƂheƅeƍ  and  high  inƚeƅ̆hemiƍƂheƅic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚǀ˴  SENSAAS  haƍ  alƍo  been  Ƣƍed  ƚo  ƍƚƢdǀ  ƚhe  geneƚic  ƍƢƂƂoƅƚ  of  langƢage  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚǀƂicaliƚǀ˯  aƍ  ƺell  aƍ  foƅ  ƚhe  ƚoƂological  chaƅacƚeƅiǊaƚion  of  ƚhe  memoƅǀ  and  langƢage  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅkƍ  of  indiƹidƢalƍ  ƺiƚh  meƍial  ƚemƂoƅal  lobe  eƂileƂƍǀ˴  The  neƺ  meƚhod  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍƍeƍƍing  inƚeƅ̆indiƹidƢal  ƹaƅiabiliƚǀ  ƺaƍ  Ƣƍed  ƚo  eƹalƢaƚe  ƚhe  ƍƚabiliƚǀ  of  ƚhe  inƚƅinƍic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅkƍ   of   a   neƺ   fƢncƚional   aƚlaƍ   adaƂƚed   foƅ   laƚe   adƢlƚhood˴  ̖

 ̖

KeǀƺŢƅdƍˮ  Cogniƚiƹe  NeƢƅoƍcience˯  Machine  Leaƅning˯  Neƚƺoƅk  Theoƅǀ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖
fMRI˯   NeƢƅoimaging˯   LangƢage˯   Inƚƅinƍic   Connecƚiƹiƚǀ˯   HemiƍƂheƅic   SƂecialiǊaƚion  ̖

 ̖

UŘiƚéƍ   de   ƅecheƅche  ̖
 ̖

 ̖

GƅoƢƂe   d̑Imageƅie   NeƢƅofoncƚionnelle   ̃    CEA   ͇    InƍƚiƚƢƚ   deƍ   Maladieƍ  ̖

NeƢƅodégénéƅaƚiƹeƍ   de   BoƅdeaƢƿ˯   UMR   ʨʥʬʦ   ̆    Cenƚƅe   Bƅoca   NoƢƹellĕAƄƢiƚaine˯   ʤʧʩ  ̖

ƅƢe   Léo   Saignaƚ˯   ʦʦʣʣʣ   BoƅdeaƢƿ˯   Fƅance  ̖

 ̖

 ̖

Conƚƅôle   de   QƢaliƚé   eƚ   Fiabiliƚé   DǀnamiƄƢe   ̃    INRIA   BoƅdeaƢƿ   SƢd   OƢeƍƚ   ͇   ̖

InƍƚiƚƢƚ   de   MaƚhémaƚiƄƢeƍ   de   BoƅdeaƢƿ˯   UMR   ʨʥʨʤ   ̃    BoƅdeaƢƿ   INP˯   ʤʣʬ   AƹenƢe  ̖

RoƢl˯   ʦʦʧʣʣ   Talence˯   Fƅance  ̖

ʨ  ̖



 ̖

ReŖeƅcieŖeŘƚƍ  ̖
 ̖

Je  ƚienƍ  à  ƅemeƅcieƅ  leƍ  ƅaƂƂoƅƚeƢƅƍ  de  ma  ƚhèƍe˯  Monica  BaciƢ  eƚ  JƢlien  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

JacƄƢeƍ˯  ƂoƢƅ  aƹoiƅ  acceƂƚé  d̑éƹalƢeƅ  mon  ƚƅaƹail  de  ƚhèƍe˯  ainƍi  ƄƢe  Saƅah  Genon  ƂoƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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ʤʤ  ̖



 ̖

 ̖

Liƍƚe   deƍ   AcƅŢŘǀŖeƍ  ̖
 ̖

AAL   ̖̖    A Ƣƚomaƚed    A naƚomical    L abelling  ̖

AICHA   ̖̖    A ƚlaƍ   of    I nƚƅinƍic    C onnecƚiƹiƚǀ   of    H omoƚoƂic    A ƅeaƍ  ̖

ALANƍ   ̖̖    A ƚlaƍ   of    L aƚeƅaliǊed    A ƚƚenƚion    N eƚƺoƅkƍ  ̖

ATP   ̖̖    A dénoƍine    T ƅi P hoƍƂhaƚe  ̖

BC   ̖̖    B eƚƺeenneƍƍ    C enƚƅaliƚǀ   ̀ƍƢnneƿiƚé   oƢ   cenƚƅaliƚé   d̑inƚeƅmédiaƅiƚé́  ̖

BIL͇GIN   ̖̖    B ƅain    I maging   of    L aƚeƅaliǊaƚion   bǀ   ƚhe    G ƅoƢƂe   d˸ I mageƅie    F oncƚionnelle ̖

BOLD   ̖̖    B lood    O ƿǀgen    L eƹel    D eƂendenƚ  ̖

CA   ̖̖    C ommiƍƍƢƅe    A nƚéƅieƢƅe  ̖

CAH   ̖̖    C laƍƍiǏcaƚion    A ƍcendanƚe    H iéƅaƅchiƄƢe  ̖

CP   ̖̖    C ommiƍƍƢƅe    P oƍƚéƅieƢƅe  ̖

DC   ̖̖    D egƅee    C enƚƅaliƚǀ   ̀cenƚƅaliƚé   de   degƅé́  ̖

DCM   ̖̖    D ǀnamic    C aƢƍal    M odelling  ̖

DMN   ̖̖    D efaƢlƚ    M ode    N eƚƺoƅk  ̖

FTT   ̖̖    F ingeƅ̆ T aƂƂing    T eƍƚ  ̖

HAMOTA   ̖̖    H and    A ƚlaƍ   of    MOT oƅ    A ƅeaƍ  ̖

hROI   ̖̖    h omoƚoƂic    R egion    o f    I nƚeƅeƍƚ   ̀ƅégionƍ   d˸inƚéƅêƚƍ   homoƚoƂeƍ́  ̖

ICA   ̖̖    I ndeƂendenƚ    C omƂonenƚ    A nalǀƍiƍ  ̖

IRMf   ̖̖    I mageƅie   Ƃaƅ    R éƍonance    M agnéƚiƄƢe    f oncƚionnelle  ̖

JBL   ̖̖    J Ƣgemenƚ   de    B iƍƍecƚion   de    L igne  ̖

MICCA   ̖̖    M Ƣlƚĭƍcale    I ndeƂendenƚ    C omƂonenƚ    C lƢƍƚeƅing    A lgoƅiƚhm  ̖

MVPA   ̖̖    M Ƣlƚi V oƿel    P aƚƚeƅn    A nalǀƍiƍ  ̖

OHBM   ̖̖    O ƅganiǊaƚion   foƅ    H Ƣman    B ƅain    M aƂƂing  ̖

REST   ̖̖   R andom    E Ƃiƍodic    S ilenƚ    T hinking  ̖

RMN   ̖̖    R éƍonance    M agnéƚiƄƢe    N Ƣcléaiƅe  ̖

RN  ̖    R eƍƚinğƍƚaƚe    N eƚƺoƅk  ̖

ROI  ̖   R egion    O f    I nƚeƅeƍƚ   ̀ƅégionƍ   d˸inƚéƅêƚƍ́  ̖

ʤʥ  ̖



 ̖

SENSAAS  ̖̖    SEN ƚence    S ƢƂƅamodal    A ƅeaƍ    A ƚla S  ̖

SIMS  ̖    S imilaƅiƚǀ   of    I ndiƹidƢal    M aƚƅice S  ̖

SGV   ̖̖    S accadeƍ    G Ƣidéeƍ    V iƍƢellemenƚ   ̖̖

SH  ̖̖    S Ƃécialiƍaƚion    H émiƍƂhéƅiƄƢe  ̖

SPM   ̖̖    S ƚaƚiƍƚical    P aƅameƚƅic    M aƂƂing  ̖

TEP   ̖̖    T omogƅaƂhie   Ƃaƅ    É miƍƍion   de    P oƍiƚonƍ  ̖

WMCA   ̖̖    W oƅd̆liƍƚ    M Ƣlƚimodal    C oƅƚical    A ƚlaƍ  ̖
 ̕

ʤʦ  ̖



 ̖

 ̖

AƹaŘƚ̆ƂƅŢƂŢƍ  ̖
 ̖

Le  ƚƅaƹail  de  ƚhèƍe  Ƃƅéƍenƚé  danƍ  ce  manƢƍcƅiƚ  eƍƚ  mƢlƚidiƍciƂlinaiƅe  eƚ  allie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƚƢde  dƢ  foncƚionnemenƚ  céƅébƅal  aƹec  la  neƢƅoimageƅie  Ƃaƅ  Imageƅie  Ƃaƅ  Réƍonance  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MagnéƚiƄƢe  ̀IRḾ˯  aƢƿ  maƚhémaƚiƄƢeƍ  aƂƂliƄƢéeƍ  aƹec  l̑Ƣƚiliƍaƚion  de  méƚhodeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion   non   ƍƢƂeƅƹiƍée   eƚ   de   ƚhéoƅie   deƍ   gƅaƂheƍ˴   ̖̖

A  la  ƍƢiƚe  d̑Ƣn  aƹiƍ  faƹoƅable  de  la  Commiƍƍion  de  Sélecƚion˯  Ƃƅéƍidée  Ƃaƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

HaƢƚ  Commiƍƍaiƅe  à  l̑Éneƅgie  AƚomiƄƢe  eƚ  aƢƿ  Éneƅgieƍ  Alƚeƅnaƚiƹeƍ˯  j̑ai  bénéǏcié  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  boƢƅƍe  de  ƚhèƍe  CFR  ̀  Conƚƅaƚ  de  Foƅmaƚion  Ƃaƅ  la  Recheƅché˯  ƂoƢƅ  Ƣne  dƢƅée  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƚƅoiƍ  anƍ˯  aǏn  d̑élaboƅeƅ  Ƣn  aƚlaƍ  deƍ  ƅéƍeaƢƿ  céƅébƅaƢƿ  à  laƅge  échelle  ƍoƢƍ̆ƚendanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ   foncƚionƍ   cogniƚiƹeƍ˴   ̖̖

Ma  ƚhèƍe  ƍ˸inƍcƅiƚ  danƍ  la  dǀnamiƄƢe  inƚeƅdiƍciƂlinaiƅe  engagée  Ƃaƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

commƢnaƢƚé  ƍcienƚiǏƄƢe  de  la  neƢƅoimageƅie  deƂƢiƍ  ƂlƢƍ  de  ʦʣ  anƍ˯  eƚ  allie  l̑analǀƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  baƍeƍ  anaƚomŏfoncƚionnelleƍ  de  la  cogniƚion  aƹec  le  déƹeloƂƂemenƚ  de  noƢƹelleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚhodologieƍ˴  ̖

 ̖

La   Ƃƅéƍenƚaƚion   deƍ   meƍ   ƚƅaƹaƢƿ   ƍ̑aƅƚicƢle   en   ƚƅoiƍ   Ƃaƅƚieƍ˴  ̖

La  Ƃƅemièƅe˯  ƄƢi  ƍƢiƚ  ceƚ  aƹanƚ̆ƂƅoƂoƍ˯  eƍƚ  Ƣne  ƍǀnƚhèƍe  de  la  liƚƚéƅaƚƢƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍcienƚiǏƄƢe  Ƃeƅmeƚƚanƚ  de  ƍiƚƢeƅ  le  ƚƅaƹail  ƄƢe  j̑ai  effecƚƢé˴  J̑ǀ  aboƅde  ƚoƢƚ  d̑aboƅd  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l˸hiƍƚoiƅe  de  l̑IRM  foncƚionnelle  ̀IRMf́  eƚ  j̑eƿƂoƍe  ƍa  méƚhodologie  ƄƢi  Ƃeƅmeƚ˯  cheǊ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  mêmeƍ  indiƹidƢƍ˯  de  Ƃƅocédeƅ  à  la  caƅƚogƅaƂhie  deƍ  ƅégionƍ  imƂliƄƢéeƍ  danƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  cogniƚiƹeƍ  ̀acƚiƹiƚé  éƹoƄƢéé  eƚ  de  meƚƚƅe  en  éƹidence  deƍ  ƅéƍeaƢƿ  de  ƅégionƍ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑acƚiƹiƚé  ƍƂonƚanémenƚ  ƍǀnchƅoniƍée  Ƃendanƚ  l̑éƚaƚ  de  ƅeƂoƍ  ̀connecƚiƹiƚé  foncƚionnelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢé˴  Ceƍ  deƢƿ  modeƍ  d̑inƹeƍƚigaƚion  de  la  neƢƅoimageƅie  foncƚionnelle  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅƹeaƢ  hƢmain  foƢƅniƍƍenƚ  deƍ  caƅƚeƍ  d̑acƚiƹiƚé  foncƚionnelle  ƄƢi˯  comme  noƢƍ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹeƅƅonƍ  de  manièƅe  déƚaillée˯  aƂƂoƅƚenƚ  deƍ  ƅenƍeignemenƚƍ  difféƅenƚƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂlémenƚaiƅeƍ  ƍƢƅ  l̑aƅchiƚecƚƢƅe  céƅébƅale  foncƚionnelle   in  vivo ˴  Une  deƍ  ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖

ƂƅoblémaƚiƄƢeƍ  de  ma  ƚhèƍe  Ƃoƅƚe  ƍƢƅ  l˸eƿƂloƅaƚion  deƍ  ƅelaƚionƍ  enƚƅe  leƍ  acƚiƹaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

meƍƢƅéeƍ  aƢ  coƢƅƍ  de  ƚâcheƍ  cogniƚiƹeƍ  eƚ  l̑acƚiƹiƚé  inƚƅinƍèƄƢe  dƢ  ƍƢƂƂoƅƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomŏfoncƚionnel  de  ceƍ  mêmeƍ  ƚâcheƍ˴  Je  Ƃƅéƍenƚe  enƍƢiƚe  Ƣne  ƅeƹƢe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʧ  ̖



 ̖

ƂƅinciƂaƢƿ  aƚlaƍ  de  neƢƅoimageƅie   in  vivo  dƢ  ceƅƹeaƢ  HƢmain  eƚ  de  leƢƅƍ  ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍƚiƄƢeƍ˯  aƹec  Ƣn   focus  ƍƢƅ  l̑aƚlaƍ  AICHA  ̀ Atlas  of  Intrinsic  Connectivity  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕

Homotopic  Areas ˯   ˾JOLʤʨ˿ ́   dédié  à  l̑éƚƢde  deƍ  aƍǀméƚƅieƍ˯  eƚ  ƄƢi  a  éƚé  Ƣn  deƍ  oƢƚilƍ  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂoƅƚanƚ  de  ce  ƚƅaƹail˴  Ceƚƚe  ƍǀnƚhèƍe  de  la  liƚƚéƅaƚƢƅe  ƍe  ƚeƅmine  Ƃaƅ  la  Ƃƅéƍenƚaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  deƢƿ  ƂƅinciƂaƢƿ  oƢƚilƍ  maƚhémaƚiƄƢeƍ  ƄƢe  j̑ai  Ƣƚiliƍéƍ  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚƚanƚ  la  caƅacƚéƅiƍaƚion  dƢ  ƍƢƂƂoƅƚ  anaƚomŏfoncƚionnel  deƍ  foncƚionƍ  cogniƚiƹeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

laƚéƅaliƍéeƍ   ˮ   la   claƍƍiǏcaƚion   aƍcendanƚe   hiéƅaƅchiƄƢe   eƚ   la   ƚhéoƅie   deƍ   ƅéƍeaƢƿ˴   ̖̖

Danƍ  la  ƍeconde  Ƃaƅƚie  de  ceƚƚe  ƚhèƍe  je  Ƃƅéƍenƚe  leƍ  aƚlaƍ  céƅébƅaƢƿ  à  laƅge  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

échelle  deƍ  ƅéƍeaƢƿ  dƢ  langage  ƄƢe  j̑ai  miƍ  aƢ  Ƃoinƚ  ƂoƢƅ  deƢƿ  niƹeaƢƿ  d̑inƚégƅaƚion  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la   Ƃhƅaƍe   eƚ   le   moƚ˴   ̖̖

La  ƚƅoiƍième  Ƃaƅƚie  de  ceƚƚe  ƚhèƍe  eƿƂoƍe  le  déƹeloƂƂemenƚ  d̑Ƣne  noƢƹelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚhode  maƚhémaƚiƄƢe  de  claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe  Ƃeƅmeƚƚanƚ  la  Ƃƅiƍe  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂƚe  de  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle˯  adaƂƚée  à  l̑analǀƍe  de  donnéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅidimenƍionnelleƍ   ƚelleƍ   ƄƢe   leƍ   donnéeƍ   d̑imageƅieƍ   céƅébƅaleƍ˴   ̖̖

Je  ƚeƅmine  Ƃaƅ  Ƣne  ƍǀnƚhèƍe  de  la  conƚƅibƢƚion  à  la  commƢnaƢƚé  deƍ  ƚƅaƹaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéaliƍéƍ  aƢ  coƢƅƍ  de  ceƍ  ƚƅoiƍ  annéeƍ˴  TƅaƹaƢƿ  maƅƄƢéƍ  Ƃaƅ  leƢƅ  inƚégƅaƚion  danƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢblicaƚionƍ  d̑aƢƚƅeƍ  domaineƍ˯  comme  l̑éƚƢde  de  la  généƚiƄƢe  deƍ  ƂoƂƢlaƚionƍ˴  EnǏn  je  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƍenƚe  leƍ  ƂeƅƍƂecƚiƹeƍ  oƢƹeƅƚeƍ  Ƃaƅ  ceƍ  ƚƅaƹaƢƿ˯  en  ƂaƅƚicƢlieƅ  ƍƢƅ  Ƣne  aƂƂlicaƚion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅemieƅ  aƚlaƍ  à  l̑éƚƢde  de  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  dƢ  ƅéƍeaƢ  dƢ  ƚƅaiƚemenƚ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃhƅaƍe  cheǊ  ʥʫʪ  indiƹidƢƍ  ƍainƍ˯  ƂoƢƅ  moiƚié  gaƢcheƅƍ˯  ainƍi  ƄƢe  l̑élaboƅaƚion  d̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚăaƚlaƍ   inƚégƅanƚ   leƍ   difféƅenƚƍ   aƚlaƍ   deƍ   foncƚionƍ   cogniƚiƹeƍ   laƚéƅaliƍéeƍ˴  ̖

ʤʨ  ̖



 ̖

 ̖

Liƍƚe   deƍ   ƂƢblicaƚiŢŘƍ   eƚ   cŢŖŖƢŘicaƚiŢŘƍ ̖
 ̖

Arƚicleƍ   de   joƢrnaƢƿ   éƹalƢéƍ   par   leƍ   pairƍ  ̕
Labache  L˴ ˯  Jolioƚ  M˴˯  Saƅacco  J˴˯  Jobaƅd  G˴˯  Heƍling  I˴˯  Zago  L˴˯  Melleƚ  E˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Peƚiƚ  L˴˯  Cƅiƹello  F˴˯  MaǊoǀeƅ  B˴˯  TǊoƢƅiŏMaǊoǀeƅ  N˴  ̀ʥʣʤʬ́˴  A  SENƚence  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SƢƂƅamodal  Aƅeaƍ  AƚlaS  ̀SENSAAŚ  baƍed  on  mƢlƚiƂle  ƚaƍk̆indƢced  acƚiƹaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƂƂing  and  gƅaƂh  analǀƍiƍ  of  inƚƅinƍic  connecƚiƹiƚǀ  in  ʤʧʧ  healƚhǀ  ƅighƚ̆handeƅƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Brain   Structure   and   Function ˴    22ʦ ˮ   ʫʨʬ̆ʫʫʥ˴  ̖

Heƍling  I˴˯   Labache  L˴ ˯  Jolioƚ  M˴˯  TǊoƢƅiŏMaǊoǀeƅ  N˴  ̀ʥʣʤʬ́˴  LaƅgĕScale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂlƢƅimodal  neƚƺoƅkƍ  common  ƚo  liƍƚening˯  ƂƅodƢcƚion  and  ƅeading  ƺoƅd̆liƍƚƍˮ  an  fMRI  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƢdǀ  combining  ƚaƍkƍ̆indƢced  acƚiƹaƚion  and  inƚƅinƍic  connecƚiƹiƚǀ  in  ʤʧʧ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅighƚ̆handeƅƍ˴    Brain   Structure   and   Function ˴    22ʦ ˮ   ʦʣʪʨ̆ʦʣʬʧ˴  ̖

Labache  L˴ ˯  MaǊoǀeƅ  B˴˯  Jolioƚ  M˴˯  Cƅiƹello  F˴˯  Heƍling  I˴˯  TǊoƢƅiŏMaǊoǀeƅ  N˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʥʣ́˴  TǀƂical  and  aƚǀƂical  langƢage  bƅain  oƅganiǊaƚion  accoƅding  ƚo  inƚƅinƍic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚǀ   and   mƢlƚiƚaƍkƍ   fƢncƚional   aƍǀmmeƚƅieƍ˴    eLife ˯   ƍoƢƍ   Ƃƅeƍƍe˴  ̖

DoƢceƚ  G˴˯   Labache  L˴ ˯  Jolioƚ  M˴˯  FƅangoƢ  S˴  ̀ʥʣʥʣ́˴  Aƚlaƍʨʨ̦ˮ  Bƅain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

FƢncƚional  Aƚlaƍ  of  Reƍƚinğƍƚaƚe  Neƚƺoƅkƍ  foƅ  Healƚhǀ  Laƚe  AdƢlƚhood˴   Cerebral  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Cortex ˯   ƍoƢƍ   Ƃƅeƍƍe˴  ̖

Acƚeƍ   de   conférenceƍ   réƹiƍéƍ   par   leƍ   pairƍ   aƹec   commƢnicaƚion   orale  ̕
Labache  L˴ ˯  Jolioƚ  M˴˯  Saƅacco  J˴˯  TǊoƢƅiŏMaǊoǀeƅ  N˴  ̀ʥʣʤʬ́˴  ÉƚƢde  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  de  donnéeƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  ˮ  déƚecƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  inƍƚableƍ  eƚ  de  ƍoƢƍ̆ƂoƂƢlaƚionƍ  danƍ  Ƣn  ƚableaƢ  ƚƅidimenƍionnel˴   ʧ1 ème  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Journées   de   Statistique ˯   Uniƹeƅƍiƚé   de   Loƅƅaine˴  ̖

Arƚicleƍ   ƍoƢmiƍ  ̖

Labache  L˴ ˯  Jolioƚ  M˴˯  DoƢceƚ  G˴˯  Saƅacco  J˴  ̀ʥʣʥʣ́˴  SƚƢdǀ  of  inƚeƅ̆indiƹidƢal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚǀ  of  ƚhƅeĕdimenƍional  daƚa  ƚableˮ  deƚecƚion  of  Ƣnƍƚable  ƹaƅiableƍ  and  ƍamƂleƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SƢbmiƚƚed   ƚo    Computational   Statistics ˴  ̖

ʤʩ  ̖



 ̖

TǊoƢƅiŏMaǊoǀeƅ  N˴˯   Labache  L˴ ˯  Zago  L˴˯  Heƍling  I˴˯  MaǊoǀeƅ  B˴  ̀ʥʣʥʣ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

NeƢƅal  ƍƢƂƂoƅƚ  of  manƢal  Ƃƅefeƅence  baƍed  on  ƅighƚ  and  lefƚ  dƢƅing  ƅighƚ  and  lefƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ǐngeƅ̆ƚaƂƂing  indƢced  acƚiƹaƚionƍ  and  ƅeƍƚinğƍƚaƚe  connecƚiƹiƚǀ  in  ʥʫʪ  healƚhǀ  adƢlƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

balanced   foƅ   handedneƍƍ˴   SƢbmiƚƚed   ƚo    Laterality ˴  ̖

Zago  L˴˯   Labache  L˴ ˯  TǊoƢƅiŏMaǊoǀeƅ  N˴˯  MaǊoǀeƅ  B˴  ̀ʥʣʥʣ́˴  Aƚlaƍ  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

LaƚeƅaliǊed   Aƚƚenƚion   Neƚƺoƅkƍ   ̀ALANƍ́   in   ƅighƚ̆handeƅƍ˴    BioRxiv ˴  ̖

Arƚicleƍ   en   préparaƚion  ̖

Heƍling  H˴˯   Labache  L˴ ˯  TǊoƢƅiŏMaǊoǀeƅ  N˴  ̀ʥʣʥʣ́˴  LangƢage  aƚǀƂicaliƚǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

effecƚ   on   ƚhe   ƺoƅd   liƍƚ   coƅe   neƚƺoƅk˴  ̖

Labache  L˴ ˯  Jolioƚ  M˴˯  Saƅacco  J˴  ̀ʥʣʥʣ́˴  SIMSˮ  a  neƺ  Ƃackage  foƅ  aƍƍeƍƍing  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhe   inƍƚabiliƚǀ   of   inƚƅinƍic   connecƚiƹiƚǀ   daƚa   in   a   ƚhƅeĕdimenƍional   ƚable˴  ̖

Zago  L˴˯   Labache  L˴ ˯  TǊoƢƅiŏMaǊoǀeƅ  N˴  ̀ʥʣʥʤ́˴  Whaƚ  maƚƚeƅƍ˵  Handedneƍƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƅ   langƢage   aƚǀƂicaliƚǀ   on   ƚhe   ƅighƚƺaƅd   laƚeƅaliǊaƚion   of   ƍƂaƚial   aƚƚenƚion   neƚƺoƅkƍ˴  ̖

 ̖

Conférenceƍ   naƚionaleƍ  ̕
Labache,  L˴  ̀ʥʣʤʬ́˴  ˷SENSAAS˯  Ƣn  noƢƹel  aƚlaƍ  deƍ  aiƅeƍ  céƅébƅaleƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage˴˷   ʤʣ ème    ColloƄƢe   deƍ   JeƢneƍ   CheƅcheƢƅƍ˯   Ecole   Noƅmale   SƢƂéƅieƢƅe   ̃    Paƅiƍ˴  ̖

Labache,  L˴  ̀ʥʣʤʬ́˴  ˷EƚƢde  de  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  de  donnéeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe˴˷  ʨʤ ème  JoƢƅnée  de  SƚaƚiƍƚiƄƢe˯  Uniƹeƅƍiƚé  de  Loƅƅaine  ̃   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Nancǀ˴  ̖

Labache,  L˴  ̀ʥʣʤʬ́˴  ˷Cƅéaƚion  d̐Ƣn  aƚlaƍ  céƅébƅal  éƹolƢƚif  de  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelleƍ˴˷  ʦ ème  JoƢƅnée  deƍ  Docƚoƅanƚƍ  de  l̐InƍƚiƚƢƚ  Fƅédéƅic  Jolioƚ˯  NeƢƅoƍƂin˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

CEA   ̃    Cenƚƅe   de   Paƅiƍ̆Saclaǀ˴  ̖

Préƍenƚaƚion   naƚionale   eƚ   inƚernaƚionale   de   poƍƚerƍ   ̕̕
Heƍling˯  I˴˯   Labache,  L˴ ˯  Jobaƅd˯  G˴˯  LeƅoƢƿ˯  G˴˯  TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʫ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˷Heƚeƅomodal  bƅain  aƅeaƍ  commonlǀ  acƚiƹaƚed  and  aƍǀmmeƚƅical  in  ƂƅodƢcƚion˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

liƍƚening  and  ƅeading  ƚaƍkƍ  aƚ  ƚhe  ƺoƅd  leƹelˮ  an  fMRI  ƍƚƢdǀ  of  ʤʧʧ  ƅighƚ̆handeƅƍ  fƅom  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhe   BIL͇GIN˴˷   Noƅƚh   Sea   Laƚeƅaliƚǀ   Inƚeƅnaƚional   Meeƚing   ̃    DƢndee˴  ̖

ʤʪ  ̖



 ̖

TǊoƢƅiŏMaǊoǀeƅ˯  N˴˯  Jolioƚ˯  M˴˯   Labache,  L˴ ˯  Cƅiƹello˯  F˴˯  Zago˯  L˴˯  Heƍling˯  I˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MaǊoǀeƅ˯  B˴  ̀ʥʣʤʫ́˴  ˷Bƅain  langƢage  dominance  and  hand  laƚeƅaliǊaƚion  ƅelaƚionƍhiƂƍˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƍighƚƍ  fƅom  ƚhe  Bƅain  Imaging  LaƚeƅaliǊaƚion  daƚabaƍe  ̀BIL͇GIŃ˴˷  Noƅƚh  Sea  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Laƚeƅaliƚǀ   Inƚeƅnaƚional   Meeƚing   ̃    DƢndee˴  ̖

Labache,  L˴ ˯  Jolioƚ˯  M˴˯  Saƅacco˯  J˴˯  MaǊoǀeƅ˯  B˴˯  TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʫ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˷FALCONˮ  a  fƢncƚional  aƚlaƍ  of  langƢage  comƂƅehenƍion  neƚƺoƅkƍ  baƍed  on  mƢlƚiƂle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚaƍk̆indƢced  acƚiƹaƚion  maƂƂing  and  gƅaƂh  analǀƍiƍ  of  inƚƅinƍic  connecƚiƹiƚǀ  in  ʤʦʪ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

healƚhǀ  ƅighƚ̆handeƅƍ˷˴  ʥ ème  JoƢƅnée  deƍ  Docƚoƅanƚƍ  de  l̐InƍƚiƚƢƚ  Fƅédéƅic  Jolioƚ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

NeƢƅoƍƂin˯   CEA   ̃    Cenƚƅe   de   Paƅiƍ̆Saclaǀ˴  ̖

Labache,  L˴ ˯  TǊoƢƅiŏMaǊoǀeƅ˯  N˴˯  Jobaƅd˯  G˴˯  Cƅiƹello˯  F˴˯  MaǊoǀeƅ˯  B˴˯  Jolioƚ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴  ̀ʥʣʤʪ́˴  ˷Tenƚaƚiƹe  aƚlaƍ  of  coƅe  langƢage  aƅeaƍ  fƅom  fMRI  maƂƂing  of  ʩ  langƢage  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚaƍkƍ  in  ʤʧʧ  healƚhǀ  ƅighƚ̆handeƅƍ˷˴  OƅganiǊaƚion  foƅ  HƢman  Bƅain  MaƂƂing  ̃   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

VancoƢƹeƅ˴  ̖

ʤʫ  ̖



 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

Paƅƚie   I  ̖

SǀŘƚhèƍe   de   la   liƚƚéƅaƚƢƅe   ƍiƚƢaŘƚ   le   ƚƅaƹail   de   ceƚƚe  ̖
ƚhèƍe  ̖

ʤʬ  ̖



 ̖

ʤ˴ IŖageƅĸe   Ƃaƅ   RéƍŢŘaŘce   MagŘéƚĸƄƢe   fŢŘcƚĸŢŘŘeōōe  ̖
 ̖

A̍   science   of   the   mind   must   reduce˳˳˳   complexities   ˿of   behavior̀   to   their   elements˳  ̕

A   science   of   the   brain   must   point   out   the   functions   of   its   elements˳   A   science   of   the  ̕

relations   of   mind   and   brain   must   show   how   the   elementary   ingredients   of   the   former  ̕

correspond   to   the   elementary   functions   of   the   latter˳̎   ̕̕

˾JAMʬʣ˿  ̖

Voici  commenƚ˯  en  ʤʫʬʣ˯  William  Jameƍ˯  l̑Ƣn  deƍ  fondaƚeƢƅƍ  de  la  Ƃƍǀchologie˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƹoǀaiƚ  l̑éƹolƢƚion  de  ƍon  domaine  de  ƅecheƅche  ƚoƢƚ  jƢƍƚe  naiƍƍanƚ˴  PlƢƍ  d̑Ƣn  ƍiècle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂlƢƍ  ƚaƅd˯  aƢ  ƍein  deƍ  neƢƅoƍcienceƍ˯  conƍƚƅƢiƅe  de  ƚelleƍ  coƅƅeƍƂondanceƍ  enƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑aƅchiƚecƚƢƅe  foncƚionnelle  céƅébƅale  eƚ  l̑oƅganiƍaƚion  deƍ  foncƚionƍ  cogniƚiƹeƍ  ƚelleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  déǏnieƍ  Ƃaƅ  leƍ  modèleƍ  ƚhéoƅiƄƢeƍ  en  Ƃƍǀchologie˯  ƅeƍƚe  l̑Ƣn  deƍ  gƅandƍ  déǏƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍcienƚiǏƄƢeƍ  conƚemƂoƅainƍ˴  En  effeƚ˯  comƂƅendƅe  leƍ  mécaniƍmeƍ  ƄƢi  fonƚ  ƄƢ̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

kilogƅamme  eƚ  demi  de  ƚiƍƍƢƍ  moƢƍ  ˮ  i˳e˳  le  ceƅƹeaƢ  oƢ  le  ƚélencéƂhale˯  anaƚomiƄƢemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖1

Ƃaƅlanƚ˯  Ƃeƅmeƚ  de  ƅéaliƍeƅ  deƍ  oƂéƅaƚionƍ  déƂaƍƍanƚ  de  ƚƅèƍ  loin  celleƍ  deƍ  oƅdinaƚeƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  ƂlƢƍ  ƂƢiƍƍanƚƍ  dƢ  monde˯  ƚoƢƚ  en  conƍommanƚ  moinƍ  d̑éneƅgie  ƄƢ̑Ƣne  ƍimƂle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

amƂoƢle˯   ƅeƍƚe   Ƣne   ƄƢeƍƚion   oƢƹeƅƚe ˴  ̖2

Mon  ƚƅaƹail  de  ƚhèƍe  ƍ̑inƍèƅe  danƍ  ceƚƚe  aƂƂƅoche  d̑inƚégƅaƚionƍ  mƢlƚimodaleƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mƢlƚĭéchelleƍ  ƄƢ̑éƹoƄƢaiƚ  William  Jameƍ˯  eƚ  ƄƢi  a  condƢiƚ  à  l̑émeƅgence˯  aƢ  coƢƅƍ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƅnièƅe  décennie˯  de  la  neƢƅoimageƅie  cogniƚiƹe˴  Ceƚƚe  diƍciƂline  a  ƂoƢƅ  bƢƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂƅendƅe  leƍ  ƅelaƚionƍ  enƚƅe  le  ceƅƹeaƢ  eƚ  la  Ƃenƍée˯  gƅâce  à  l̑éƚƢde  de  caƅƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d˸imageƅie   céƅébƅaleƍ   obƚenƢeƍ    in   vivo ˴  ̖

 ̖

1  Pour  un  adulte˯  le  cerveau  représente  approximativement  ʥ̾  de  sa  masse  totale  corporelle˯ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
mais   consomme   approximativement   ʥʣ̾   de   son   énergie   totale    ˾CLAʬʬ˿ ˴  ̖

2  Les  ordinateurs  sont  extrêmement  rapides  et  accomplissent  des  tâches  ̀ lorsque  ces  dernières  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
peuvent  être  décomposées  en  algorithmé  bien  plus  rapidement  et  précisément  qȗun  être  humain˴  A  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
l̑inverse˯  les  ordinateurs  montrent  de  médiocres  performances  quand  il  s̑agit  de  créativité˯  de  capacités  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
langagières˯   de   reconnaissances   de   formes˯   etc˰   ̖̖

ʥʣ  ̖



 ̖

Le  ceƅƹeaƢ  eƍƚ  l̑Ƣne  deƍ  ƍƚƅƢcƚƢƅeƍ  biologiƄƢeƍ  leƍ  ƂlƢƍ  comƂleƿeƍ  connƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖3

˾SHEʫʫ˿ ˴  PoƢƅ  chaƄƢe  ƅégion  dƢ  ceƅƹeaƢ˯  Ƣne  ƚƅèƍ  gƅande  ƄƢanƚiƚé  d̑infoƅmaƚionƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚeƍ  naƚƢƅeƍ  eƍƚ  diƍƂonible  ˮ  moƅƂhologiƄƢeƍ˯  ƂhǀƍiologiƄƢeƍ˯  généƚiƄƢeƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƂigénéƚiƄƢeƍ  oƢ  encoƅe  cǀƚoaƅchiƚecƚoniƄƢeƍ˴  La  neƢƅoimageƅie  ƄƢi  eƍƚ  Ƣne  ƚechniƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

non̆inƹaƍiƹe  Ƃeƅmeƚ  d˸acƄƢéƅiƅ  ceƍ  donnéeƍ  cheǊ  deƍ  cenƚaineƍ˯  ƹoiƅe  deƍ  millieƅƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅƍonneƍ  ƹolonƚaiƅeƍ˴  La  UK  Biobank  Ƃaƅ  eƿemƂle˯  Ƣne  baƍe  de  donnéeƍ  lancée  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʥʣʤʧ  ƂoƢƅ  la  Ƃaƅƚie  imageƅie  céƅébƅale   ˾MILʤʩ˿ ˯  ƅegƅoƢƂeƅa  à  l̑hoƅiǊon  ʥʣʥʥ  ƂlƢƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʣʣ  ʣʣʣ  jeƢƿ  de  donnéeƍ  indiƹidƢelƍ˴  PoƢƅ  chaƄƢe  indiƹidƢ˯  Ƣn  ƚƅèƍ  gƅand  nombƅe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiableƍ  a  éƚé  meƍƢƅé  ˮ  généƚiƄƢeƍ˯  ƍociŏdémogƅaƂhiƄƢeƍ˯  médicaleƍ˯  caƂaciƚéƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹeƍ˯  caƅƚeƍ  céƅébƅaleƍ  anaƚomiƄƢeƍ  inclƢanƚ  deƍ  caƅƚeƍ  de  diffƢƍion  eƚ  caƅƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑imageƅie  foncƚionnelle  ƂoƢƅ  en  ciƚeƅ  ƄƢelƄƢeƍ  Ƣneƍ˴  Ceƚƚe  baƍe  de  donnéeƍ  n̑eƍƚ  Ƃaƍ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍeƢle  aƢ  monde  ƅegƅoƢƂanƚ  Ƣne  aƢƍƍi  gƅande  ƂlƢƅimodaliƚé  de  ƹaƅiableƍ˯  maiƍ  ƍon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣniciƚé  ƅéƍide  danƍ  le  nombƅe  ƚƅèƍ  imƂoƅƚanƚ  d̑indiƹidƢƍ  ƄƢi  la  comƂoƍe  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l˸homogénéiƚé  aƹec  laƄƢelle  leƍ  donnéeƍ  onƚ  éƚé  ƅecƢeillieƍ˯  Ƃeƅmeƚƚanƚ  ainƍi  d̑éƚƢdieƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ǐnemenƚ  leƍ  conƚƅibƢƚionƍ  ƅeƍƂecƚiƹeƍ  deƍ  ƂƅédiƍƂoƍiƚionƍ  généƚiƄƢeƍ  eƚ  de  l˸eƿƂoƍiƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƹiƅonnemenƚale  aƢ  déƹeloƂƂemenƚ  deƍ  maladieƍ˴  Ciƚonƍ  égalemenƚ˯  aƢ  niƹeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƢƅoƂéen˯  le   Human  Brain  Project   ˾MARʤʤa˿ ˯  oƢ  bien  le  conƍoƅƚiƢm  ENIGMA  ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ Enhancing  NeuroImaging  Genetics  through  Meta̅Analysis ˯   ˾THOʤʧ˿ ́  ƄƢi  ƹiƍe  à  ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̖

éƚƢdieƅ  leƍ  ƅelaƚionƍ  enƚƅe  génome  eƚ  caƅacƚéƅiƍƚiƄƢeƍ  anaƚomŏfoncƚionnelleƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑oƅganiƍaƚion  céƅébƅale  ƹia  la  collaboƅaƚion  de  ʪʣ  cenƚƅeƍ  de  ƅecheƅche  de  Ƃaƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

monde˴  Danƍ  ce  cadƅe  de  cooƂéƅaƚion  inƚeƅnaƚionale˯  la  ƂlƢƂaƅƚ  deƍ  oƢƚilƍ  néceƍƍaiƅeƍ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imageƅie  aƢ  ƚƅaiƚemenƚ  dƢ  ƍignal  de  baƍe  eƚ  aƢƿ  analǀƍeƍ  ƄƢi  ƍ̑en  ƍƢiƹenƚ  ƍonƚ  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  généƚiƄƢe  ̀  The  Sequence  Alignment˹Map  tools   ˾LIHʣʬ˿ ˯   Genome  Analysis  ToolKit  ̖ ̖ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̖

˾MCKʤʣ˿ ́   en  libƅe  accèƍ  ˹  ciƚonƍ  Ƃaƅ  eƿemƂle  le  logiciel  SPM  ˮ   Statistical  Parametric  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

Mapping   ˾PENʤʤ˿ ˯  la  biblioƚhèƄƢe  Pǀƚhon   Scikit̅learn   ˾PEDʤʤ˿ ˯  oƢ  encoƅe  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

biblioƚhèƄƢe   MATLAB    Brain   Connectivity   Toolbox     ˾RUBʤʣ˿ ˴  ̖

De  ƚelƍ  enƍembleƍ  de  donnéeƍ  ƍonƚ  aƢjoƢƅd̑hƢi  miƍ  à  diƍƂoƍiƚion  Ƃaƅ  deƍ  éƄƢiƂeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƅecheƅche  à  ƚƅaƹeƅƍ  le  monde˴  Paƅmi  leƍ  aƹancéeƍ  danƍ  le  domaine  deƍ  ƚechniƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

3  Au  côté  du  système  nerveux  entérique  ˮ  le  système  nerveux  de  l˸appareil  digestif˴  Ce  dernier  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
est˯  comme  le  système  nerveux  central˯  composé  de  millions  de  neurones  sensoriels˯  d̑interneurones  et  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
motoneurones˴  Il  induit  des  mouvements  à  l̑intestin  sans  aucune  connexions  neuronale  avec  le  cerveau  ou  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
la  moelle  épinière   ˾SPEʤʫ˿ ˴  L̑activité  du  système  nerveux  entérique  a  récemment  été  mis  en  lien  avec  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
l̑obésité   et   un   large   spectre   des   troubles   du   système   nerveux   central    ˾OCHʤʩ˿ ˴  ̖

ʥʤ  ̖



 ̖

d̑analǀƍe  de  donnéeƍ  de  ceƍ  deƅnièƅeƍ  annéeƍ˯  Ƣne  deƍ  ƂlƢƍ  ƅemaƅƄƢableƍ  conceƅne  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚhodeƍ  Ƃeƅmeƚƚanƚ  non  ƂlƢƍ  de  ƚƅaƹailleƅ  ƍƢƅ  la  moǀenne  dƢ  gƅoƢƂe˯  oƢ  ƍƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅence  enƚƅe  leƍ  gƅoƢƂeƍ˯  maiƍ  d̑éƚƢdieƅ  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  ƢniƄƢe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

chaƄƢe   ƂaƅƚiciƂanƚ˴  ̖

Un  deƍ  aƍƂecƚƍ  de  ceƚƚe  ƹaƅiabiliƚé  eƍƚ  l̑eƿƚƅême  difféƅence  de  ƹolƢme  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foƅme  deƍ  ceƅƹeaƢƿ˯  leƍ  femmeƍ˯  Ƃaƅ  eƿemƂle˯  aǀanƚ  Ƣn  ceƅƹeaƢ  en  moǀenne  enƹiƅon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʤ̾  moinƍ  ƹolƢmineƢƿ  ƄƢe  celƢi  deƍ  hommeƍ˴  La  ƍolƢƚion  ƄƢi  a  éƚé  ƚƅoƢƹée  en  ʤʬʫʨ˯  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚé  d˸Ƣƚiliƍeƅ  l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  de  Talaiƅach˴  Le  conceƂƚ  d̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  ̀  cf˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Anneƿeƍ  ˮ   ʤ˴ ́   a  éƚé  inƹenƚé  aƢ  débƢƚ  deƍ  annéeƍ  ʤʬʧʣ  Ƃaƅ  le  Pƅ˴  Jean  Talaiƅach  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀neƢƅochiƅƢƅgien  de  l˸hôƂiƚal  Sainƚ̆Anne˯   cf˳   ˾MAZʣʫ˿  ƂoƢƅ  Ƣn  ƂanégǀƅiƄƢé˯  aǏn  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déǏniƅ  le  ƚƅajeƚ  en  ʦ̆dimenƍionƍ  d̑Ƣne  aigƢille  ƹeƅƍ  Ƣne  cible  localiƍée  à  l̑inƚéƅieƢƅ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅƹeaƢ˯  eƚ  ce  ƍanƍ  l̑aide  deƍ  ƚechniƄƢeƍ  d̑imageƅie  dƢ  ceƅƹeaƢ˯  ineƿiƍƚanƚeƍ  à  l̑éƂoƄƢe˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

PoƢƅ  ce  faiƅe˯  le  Pƅ˴  Talaiƅach  a  inƹenƚé  Ƣn  ƍǀƍƚème  ̎ ƂƅoƂoƅƚionnel̏  foƅmé  d̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂaƅalléléƂiƂède  ̀conƚenanƚ  ƚhéoƅiƄƢemenƚ  le  ceƅƹeaƢ́  ƄƢadƅillé  danƍ  ƍeƍ  ʦ  diƅecƚionƍ˯  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  Ƃoinƚƍ  ƅemaƅƄƢableƍ  Ƃeƅmeƚƚanƚ  Ƣn  Ƃoƍiƚionnemenƚ  à  l̑idenƚiƄƢe  deƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƅƢcƚƢƅeƍ  de  ceƅƹeaƢƿ  hƢmainƍ  de  ƚailleƍ  ƹaƅiéeƍ˴  En  ʤʬʧʪ˯  il  aƂƂliƄƢe  ce  conceƂƚ  à  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fabƅicaƚion  d̑Ƣn  cadƅe  chiƅƢƅgical˯  Ƃeƅmeƚƚanƚ  ainƍi  la  Ƃƅemièƅe  élecƚƅocoagƢlaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚéƅéoƚaƿiƄƢe  ƅéƢƍƍie  dƢ  noǀaƢ  Ƃoƍƚéƅŏmédian  ƹenƚƅal  cheǊ  Ƣn  Ƃaƚienƚ  ƍoƢffƅanƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

doƢleƢƅ  iƅƅédƢcƚible   ˾TALʧʬ˿ ˴  Finalemenƚ˯  le  Pƅ˴  Talaiƅach  meƚƍ  en  Ƃlace  Ƣn  ƍǀƍƚème  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

doƢble  gƅille  en  ʤʬʧʬ˯  coƢƂlé  en  ʤʬʨʥ  à  l̑Ƣƚiliƍaƚion  de  la  commiƍƍƢƅe  anƚéƅieƢƅe  ̀CÁ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖4

eƚ  ƂoƍƚéƅieƢƅe  ̀CṔ  comme  ƅéféƅenceƍ  ƂoƢƅ  déƚeƅmineƅ  le  ƍǀƍƚème  de  cooƅdonnéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚéƅéoƚaƿiƄƢeƍ  cheǊ  chaƄƢe  indiƹidƢ˯  eƚ  élaboƅe  Ƣn  aƚlaƍ  ̀oƢ  gabaƅiƚ́  dƢ  ƚélencéƂhale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ   l̑eƍƂace   ƍƚéƅéoƚaƿiƄƢe   de   Talaiƅach   en   ʤʬʩʪ    ˾TALʩʪ˿ ˴  ̖

L̑aƂƂlicaƚion  de  l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  eƚ  de  ƍon  aƚlaƍ  fƢƚ  Ƣn  aƂƂoƅƚ  majeƢƅ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑imageƅie  anaƚomŏfoncƚionnelle  caƅ  il  a  Ƃeƅmiƍ  l̑analǀƍe  ƍƚaƚiƍƚiƄƢe˯  la  labelliƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomiƄƢe  deƍ  ƅégionƍ  acƚiƹéeƍ  eƚ  la  miƍe  en  commƢn  de  donnéeƍ  Ƃƅoƹenanƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modaliƚéƍ  difféƅenƚeƍ˴  L̑eƍƂace  de  Talaiƅach  a  éƚé  le  Ƃƅemieƅ  eƍƂace  de  ƅéféƅence  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂliƄƢé  à  l̑analǀƍe  deƍ  donnéeƍ  d̑acƚiƹaƚion˴  Ceƍ  donnéeƍ  éƚaienƚ  obƚenƢeƍ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

TomogƅaƂhie  Ƃaƅ  Émiƍƍion  de  Poƍiƚonƍ  ̀TEṔ  ƹia  l̑injecƚion  d̑eaƢ  maƅƄƢée  à  l̑oƿǀgène  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʨ˴  Le  Pƅ˴  Peƚeƅ  Foƿ  eƚ  ƍeƍ  collègƢeƍ˯  en  ƅecalanƚ  leƍ  imageƍ  TEP  de  difféƅenƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʧ  Support  attaché  au  cadre  stéréotaxique  permettant  de  guider  précisément  l̑insertion  dans  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cerveau   d˸électrodes   ou   d̑aiguilles˴  ̖

ʥʥ  ̖



 ̖

indiƹidƢƍ  danƍ  l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  de  Talaiƅach˯  démonƚƅenƚ  danƍ  Ƣn  Ƃƅemieƅ  aƅƚicle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾FOXʫʨ˿  ƄƢe  ceƚƚe  noƅmaliƍaƚion  Ƃeƅmeƚ  de  calcƢleƅ  Ƣne  moǀenne  de  leƢƅƍ  acƚiƹiƚéƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

débiƚ  ƍangƢin  céƅébƅal  en  Ƣn  même  endƅoiƚ  eƚ  d̑aƢgmenƚeƅ  le  faible  ƅaƂƂoƅƚ  ƍignal  ƍƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bƅƢiƚ  inhéƅenƚ  à  l˸imageƅie  Ƃaƅ  TEP˴  Ceƍ  caƅƚeƍ  d˸acƚiƹiƚéƍ  indiƹidƢelleƍ  ƂeƢƹenƚ  ainƍi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

êƚƅe  moǀennéeƍ  à  ƚƅaƹeƅƍ  leƍ  ƍƢjeƚƍ˯  aƂƅèƍ  noƅmaliƍaƚion˯  ce  ƄƢi  Ƃeƅmeƚ  de  calcƢleƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅƚeƍ  de  difféƅenceƍ  enƚƅe  leƍ  meƍƢƅeƍ  ƄƢi  onƚ  éƚé  faiƚeƍ  Ƃendanƚ  difféƅenƚeƍ  ƚâcheƍ  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme  Ƃaƅ  eƿemƂle  danƍ  le  Ƃaƅadigme  emboîƚé  de  Peƚeƅƍen  ƄƢi  ƍoƢƍƚƅaiƚ  Ƣne  ƚâche  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

lecƚƢƅe  de  moƚƍ  à  celle  de  généƅaƚion  de  ƹeƅbeƍ   ˾PETʫʫ˿ ˴  Ceƍ  caƅƚeƍ  de  difféƅenceƍ  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢmiƍeƍ  à  deƍ  ƚƅaiƚemenƚƍ  ƍƚaƚiƍƚiƄƢeƍ  aƢ  niƹeaƢ  dƢ  ƹoƿel  danƍ  l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  leƍ  Ǌoneƍ  Ƃƅéƍenƚanƚ  Ƣn  débiƚ  ƍangƢin  céƅébƅal  ƍigniǏcaƚiƹemenƚ  ƂlƢƍ  imƂoƅƚanƚ  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅaƂƂoƅƚéeƍ  ƍoƢƍ  foƅme  de  Ƃic  de  cooƅdonnéeƍ  ƍƚéƅéoƚaƿiƄƢeƍ  en  millimèƚƅeƍ˴  PoƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connaîƚƅe  la  localiƍaƚion  anaƚomiƄƢe  de  ceƍ  Ƃicƍ  d̑acƚiƹaƚion˯  on  ƅeƂoƅƚe  ceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cooƅdonnéeƍ   danƍ   l̑aƚlaƍ   de   Talaiƅach     ˾FOXʫʫ˿ ˴  ̖

L̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  commƢn  Ƃeƅmeƚ  donc  Ƣne  commƢnicaƚion  Ƃƅéciƍe  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

efǏcace  aƢ  ƍein  dƢ  domaine  eƚ  Ƣne  alliance  enƚƅe  leƍ  diƍciƂlineƍ   ˾MAZʣʤa˿  néceƍƍaiƅe  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑aƹancée  deƍ  connaiƍƍanceƍ˴  Ceƚ  eƍƂace  de  ƚƅaƹail  commƢn  Ƃeƅmeƚ  de  ne  ƂlƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍeƢlemenƚ  ƚƅaiƚeƅ  leƍ  modaliƚéƍ  indéƂendammenƚ  leƍ  Ƣneƍ  deƍ  aƢƚƅeƍ  maiƍ  bien  d̑en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéaliƍeƅ  l̑inƚégƅaƚion  ƂlƢƅimodale˴  Un  eƿemƂle  de  l̑imƂoƅƚance  de  l˸inƚégƅaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mƢlƚimodale  gƅâce  aƢ  ƍǀƍƚème  ƍƚéƅéoƚaƿiƄƢe  ƂeƢƚ  êƚƅe  lƢ  danƍ  ˾ZILʤʨ˿˴  Le  Pƅ˴  Kaƅl  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Zilleƍ  ǀ  démonƚƅe  ƄƢe  leƍ  denƍiƚéƍ  molécƢlaiƅeƍ  ̀niƹeaƢ  micƅoƍcoƂiƄƢé  danƍ  leƍ  aiƅeƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage  de  ʤʨ  neƢƅoƚƅanƍmeƚƚeƢƅƍ  difféƅenƚƍ  ̀meƍƢƅéeƍ  Ƃaƅ  aƢƚoƅadiogƅaƂhie ́  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖5

Ƃƅocheƍ  enƚƅe  elleƍ  eƚ  diffèƅenƚ  conƍidéƅablemenƚ  d̑aƢƚƅeƍ  ƅégionƍ  céƅébƅaleƍ  non  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂliƄƢéeƍ  danƍ  leƍ  ƂƅoceƍƍƢƍ  langagieƅƍ˴  Leƍ  aiƅeƍ  dƢ  langage  ƍonƚ  Ƃƅéalablemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déǏnieƍ  foncƚionnellemenƚ  Ƃaƅ  deƍ  éƚƢdeƍ  ƅéaliƍéeƍ  en  IRM  foncƚionnelle  ̀niƹeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

macƅoƍcoƂiƄƢé˴  Zilleƍ  ͇   al˴  déǏniƍƍenƚ  ceƚƚe  emƂƅeinƚe  digiƚale  de  ƅéceƂƚeƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀̎ receptor  fingerprint ̏ ́  comme  le  ƍƢƂƂoƅƚ  deƍ  ƂƅoceƍƍƢƍ  neƢƅonaƢƿ  ƍoƢƍ̆jacenƚƍ  aƢƿ  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionƍ   langagièƅeƍ˴  ̖

5   L̑autoradiographie  des  tissus  implique  l̑administration  d̑un  traceur  radioactif  d̑intérêt˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Lorsque  le  composant  atteint  l̑organe  concerné˯  l̑animal  utilisé  est  sacriǏé  et  l̑organe  est  retiré˯  découpé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
en  tranche  et  placé  sur  un  Ǐlm  radiographique  permettant  au  chercheur  d̑évaluer  la  distribution  du  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
traceur  radioactif˴  Après  injection˯  le  traceur  pénètre  dans  le  cerveau  où  il  est  absorbé  par  les  cellules˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
proportionnellement  à  leur  métabolisme˴  Une  fois  dans  les  cellules˯  il  se  retrouve  bloqué  à  l˸intérieur  ̀à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cause  de  sa  phosphorylation  qui  a  lieu  à  l̑entrée  dans  la  cellulé˯  ce  qui  rend  possible  par  la  suite  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
détection   des   cellules   impliquées   dans   le   processus   ciblé   sur   le   Ǐltre   radiographique    ˾RAIʣʬ˿ ˴  ̖
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 ̖

De  ƚelleƍ  ƂeƅƍƂecƚiƹeƍ  de  ƚƅaƹail  demandenƚ  deƍ  oƢƚilƍ  aƂƂƅoƂƅiéƍ  ƚanƚ  d˸Ƣn  Ƃoinƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƹƢe  dƢ  ƅecƢeil  deƍ  donnéeƍ  ƄƢe  de  leƢƅ  analǀƍe  ƍƚaƚiƍƚiƄƢe˴  En  effeƚ˯  le  choiƿ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚechniƄƢeƍ  d̑analǀƍe  ƍƚaƚiƍƚiƄƢe  eƍƚ  eƍƍenƚiel  danƍ  la  deƍcƅiƂƚion  eƚ  l̑eƿƚƅacƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connaiƍƍanceƍ  à  Ƃaƅƚiƅ  deƍ  donnéeƍ  mƢlƚimodaleƍ  obƚenƢeƍ  Ƃaƅ  neƢƅoimageƅie˴  Le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modèle  choiƍi˯  ƍa  comƂleƿiƚé  eƚ  ƍon  inƚeƅƂƅéƚabiliƚé  ƍonƚ  eƍƍenƚielleƍ˴  La  Pƅ˴  Riiƚƚa  Haƅi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖6

a  d̑ailleƢƅƍ  ƅaƂƂelé  Ƣn  meƍƍage  imƂoƅƚanƚ  ˹  ̎  au  cours  de  cette  quête   ̀d̑inƚégƅaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̖

mƢlƚimodaleƍ́ ˮ  il  ne  faut  pas  oublier  que  chaque  méthode  raconte  une  histoireˮ  et  nous  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

ne  devons  pas  laisser  ces  histoires  différentes  des  nôtres  de  côtéˮ  nous  avons  au  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

contraire  le  devoir  de  les  intégrer  à  notre  propre  récit  afin  de  l˷enrichir  et  lui  permettre  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

de  se  déployer  dans  son  entièreté ̏ ˴  La  neƢƅoimageƅie  eƍƚ  en  effeƚ  Ƣne  méƚhode  ƄƢi  ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚienƚ  en  ƍon  ƍein  difféƅenƚeƍ  hiƍƚoiƅeƍ˯  donƚ  l̑objecƚif  eƍƚ  de  comƂƅendƅe  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnemenƚ   dƢ   ceƅƹeaƢ   hƢmain˴  ̖

 ̖

L̑Hiƍƚoiƅe  de  l̑imageƅie  foncƚionnelle  céƅébƅale  ƅemonƚe  à  l̑inƹenƚion  de  la  ƚoƢƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅemièƅe  ƚechniƄƢe  de  neƢƅoƂhǀƍiologie  cogniƚiƹe  en  ʤʫʫʣ  Ƃaƅ  le  Pƅ˴  Angelo  Moƍƍo  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾MOSʫʣ˿ ˴  Il  déƹeloƂƂe  Ƣne  méƚhode  aǏn  de  diƅecƚemenƚ  meƍƢƅeƅ  la  ƂƢlƍaƚion  ƍangƢine  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ  le  ceƅƹeaƢ  de  Michele  Beƅƚino˯  Ƣn  de  ƍeƍ  Ƃaƚienƚƍ˯  à  ƚƅaƹeƅƍ  Ƣn  ƚƅoƢ  danƍ  le  cƅâne  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ce  deƅnieƅ  caƢƍé  Ƃaƅ  la  chƢƚe  d̑Ƣne  ƚƢile˴  Le  Pƅ˴  Angelo  Moƍƍo  décoƢƹƅe  aloƅƍ  ƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

loƅƍƄƢe  Michele˯  ƄƢi  eƍƚ  aƍƍiƍ  face  à  Ƣn  mƢƅ  blanc  ƂoƢƅ  éƹiƚeƅ  ƚoƢƚe  ƍoƅƚe  d̑aƢƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƚƅacƚion˯  enƚend  leƍ  clocheƍ  de  l̑égliƍe  à  midi  oƢ  bien  ƅéƂond  à  Ƣne  ƄƢeƍƚion˯  ƍon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƢlƍ  céƅébƅal  aƢgmenƚe  aloƅƍ  ƄƢe  ƍon  ƂoƢlƍ  ƅadial  ƅeƍƚe  ƍƚable  ̀  FigƢƅe  ʤ ́ ˴  Cela  condƢiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  faiƚ  le  Pƅ˴  Angelo  Moƍƍo  à  l̑idée  ƄƢe  la  ciƅcƢlaƚion  ƍangƢine  céƅébƅale  ƅéƂond  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƅecƚemenƚ  à  l̑acƚiƹiƚé  menƚale  ˮ  le  débiƚ  céƅébƅal  ƍangƢin  eƍƚ  ƂoƢƅ  la  Ƃƅemièƅe  foiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍƍocié   aƢƿ   foncƚionƍ   céƅébƅaleƍ˴  ̖

6   ̍ diffeƅenƚ  meƚhodƍ  maǀ  ƺell  ƚell  diffeƅenƚ  ƍƚoƅieƍˮ  ƍo  iƚ˷ƍ  noƚ  ƚhe  iƍƍƢe  of  hoƺ  ƺe  ƚhink  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ƚhe  ƍame  ƚhingƍ  bƢƚ  ƅecogniǊing  ƚhaƚ  in  each  meƚhod  ƚhaƚ  maǀ  be  a  ƍƚoƅǀ  ƚhaƚ  ƺill  do  haƹe  ƚo  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ƚake   inƚo   accoƢnƚ   ƺhen   inƚeƅpƅeƚing   oƢƅ   oƺn   daƚa̎  ̕
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 ̖
FigƢƅe  ʤ  ˮ  Mesure  du  pouls  cérébral  de  Michele  Bertino  par  le  Pr˴  Angelo  Mosso˴  Figures  du  livre  du  Pr˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕
Angelo  Mosso   ˽RAIʣʦ˾ ˳  A  gauche  ˭  schéma  d̐un  pléthysmographe  utilisé  par  le  Pr˳  Angelo  Mosso  pour  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
mesurer  le  pouls  cérébral  de  Michele  Bertino˳  A  droite  ˭  exemples  de  la  façon  dont  le  pouls  cérébral  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Michele  Bertino  ˿ la  courbe  inférieure  sur  chaque  graphiquè  change  en  réponse  à  différents  événementsˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
alors   que   son   pouls   radial   ˿courbe   supérieurè   reste   constant˳   La   figure   est   adaptée   de    ˽POLʣʪ˾ ˳  ̕

Diƿ  anƍ  ƂlƢƍ  ƚaƅd˯  leƍ  Pƅ˴  Chaƅleƍ  Sheƅƅingƚon  eƚ  Chaƅleƍ  Roǀ  monƚƅenƚ  ƂlƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖7

ƅigoƢƅeƢƍemenƚ  l˸eƿiƍƚence  d˸Ƣn  mécaniƍme  aƢƚomaƚiƄƢe  Ƃaƅ  leƄƢel  le  ǐƢƿ  ƍangƢin  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅal  eƍƚ  modiǏé  localemenƚ  en  foncƚion  deƍ  ǐƢcƚƢaƚionƍ  de  l˸acƚiƹiƚé  chimiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢƍ̆ƚendanƚ  l̑acƚiƹiƚé  cogniƚiƹe  de  ceƚƚe  Ǌone   ˾ROYʬʣ˿ ˴  L˸eƿƂéƅience  conƍiƍƚaiƚ  aloƅƍ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bƅoǀeƅ  le  ceƅƹeaƢ  d̑Ƣn  chien  aǀanƚ  éƚé  ƍaigné˯  ƂƢiƍ  à  injecƚeƅ  à  Ƣn  aƢƚƅe  chien  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mélange  obƚenƢ  aǏn  de  comƂaƅeƅ  leƍ  meƍƢƅeƍ  de  débiƚ  ƍangƢin  céƅébƅal  eƚ  généƅal˴  AƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƢƅƍ  de  ceƚƚe  eƿƂéƅience˯  ilƍ  onƚ  conƍƚaƚé  ƄƢe  leƍ  ƹaiƍƍeaƢƿ  ƍangƢinƍ  céƅébƅaƢƿ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

chien  ƍain  ƍe  dilaƚaienƚ  aƂƅèƍ  injecƚion  dƢ  mélange˯  indiƄƢanƚ  Ƣne  aƢgmenƚaƚion  dƢ  ǐƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍangƢin  céƅébƅal˯  aloƅƍ  ƄƢe  la  Ƃƅeƍƍion  ƍangƢine  généƅale  n̑aƢgmenƚaiƚ  Ƃaƍ˴  Ilƍ  onƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ainƍi  conǏƅmé  leƢƅ  hǀƂoƚhèƍe  ƍelon  laƄƢelle  le  ƚiƍƍƢ  céƅébƅal  en  ƍoƢffƅance  ̀dƢ  faiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  hǀƂoƹolémié  ƂƅodƢiƚ  deƍ  ƍƢbƍƚanceƍ  chimiƄƢeƍ  ƄƢi  ƍonƚ  libéƅéeƍ  ƂoƢƅ  aƢgmenƚeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le   ƹolƢme   ƍangƢin˴   ̖̖

Danƍ  Ƣne  ƂeƅƍƂecƚiƹe  ƂlƢƍ  ƅécenƚe  eƚ  ƂlƢƍ  Ƃƅoche  de  la  neƢƅoimageƅie  modeƅne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  ne  le  ƍonƚ  leƍ  ƚƅaƹaƢƿ  dƢ  Pƅ˴  Angelo  Moƍƍo˯  la  méƚhodologie  déƹeloƂƂée  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƄƢiƂe  dƢ  Pƅ˴  LoƢiƍ  Sokoloff  ̀neƢƅoƍcienƚiǏƄƢe  aƢ  Naƚional  Healƚh  InƍƚiƚƢƚe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪ  Sir  Charles  Sherrington  remporte  en  ʤʬʦʥ˯  avec  le  Pr˴  Edgar  Adrian˯  le  prix  Nobel  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
physiologie   ou   de   médecine   pour   leurs   découvertes   sur   les   fonctions   des   neurones˴  ̖
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 ̖

Beƚheƍdá  condƢiƚ˯  en  ʤʬʨʨ˯  aƢƿ  Ƃƅemièƅeƍ  caƅƚeƍ  foncƚionnelleƍ  céƅébƅaleƍ˯  cheǊ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑animal˯   à   l̑aide   deƍ   ƚechniƄƢeƍ   d̑aƢƚoƅadiogƅaƂhie    ˾LANʨʨ˿ ˴  ̖

Paƅ  la  ƍƢiƚe˯  leƍ  ƚƅaƹaƢƿ  ƂƅécƢƅƍeƢƅƍ  en  TEP  deƍ  Pƅ˴  Peƅ  Roland˯  Neilƍ  Laƍƍen  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  Daƹid  Ingƹaƅ  Ƃeƅmeƚƚenƚ  de  ƅéaliƍeƅ  leƍ  Ƃƅemièƅeƍ  caƅƚeƍ  cogniƚiƹeƍ  cheǊ  l̑Homme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ ˾ INGʩʨ˿  eƚ   ˾ROLʪʪ˿ ́   à  l̑aide  d̑injecƚionƍ  inƚƅăcaƅoƚidienneƍ  de  KƅǀƂƚon 85  ̀eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Xénon 133 ˯   ƅeƍƂecƚiƹemenƚ́  eƚ  d̑Ƣn  déƚecƚeƢƅ  de  ƅadioacƚiƹiƚé  diƍƂoƍé  comme  Ƣn  caƍƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢ̆deƍƍƢƍ  de  la  ƚêƚe   ˾LASʩʦ˿ ˴  Ilƍ  démonƚƅenƚ  ainƍi˯  ƂoƢƅ  la  Ƃƅemièƅe  foiƍ  cheǊ  l̑Homme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍain˯  ƄƢe  leƍ  ǐƢcƚƢaƚionƍ  dƢ  débiƚ  ƍangƢin˯   i˳e˳  la  ƅéƂonƍe  hémodǀnamiƄƢe˯  changenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionalemenƚ   en   ƍƢiƹanƚ   l̑acƚiƹiƚé   céƅébƅale   cogniƚiƹe˴  ̖

L̑éƚƢde  de  l̑acƚiƹiƚé  élecƚƅiƄƢe  céƅébƅale  ƍe  déƹeloƂƂe  égalemenƚ  à  ceƚƚe  Ƃéƅiode˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢiƍƄƢ̑aƂƅèƍ  ʧʣ  anƍ  de  ƚƅaƹaƢƿ  ƍoliƚaiƅeƍ˯  le  Pƅ˴  Henƍ  Beƅgeƅ  meƚ  aƢ  Ƃoinƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑élecƚƅoencéƂhalogƅaƂhie  en  ʤʬʥʬ   ˾BERʥʬ˿ ˴  Ceƚƚe  noƢƹelle  méƚhode  conƍiƍƚe  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑enƅegiƍƚƅemenƚ˯  ƍƢƅ  la  ƍƢƅface  dƢ  coƅƚeƿ  céƅébƅal˯  deƍ  Ƃoƚenƚielƍ  Ƃoƍƚ̆ƍǀnaƂƚiƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

iƍƍƢƍ   d˸Ƣn   enƍemble   de   neƢƅoneƍ˴   ̖̖

 ̖

Il  eƿiƍƚe  ƂlƢƍieƢƅƍ  façonƍ  de  Ƃƅéƍenƚeƅ  la  ƍƢiƚe  de  l˸Hiƍƚoiƅe  de  la  neƢƅoimageƅie˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maiƍ  j̑ai  choiƍi  de  ƹoƢƍ  l̑eƿƂoƍeƅ  en  me  cenƚƅanƚ  ƍƢƅ  leƍ  ʥʨ  deƅnièƅeƍ  annéeƍ  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢiƹƅe  le  déƹeloƂƂemenƚ  dƢ  conƍoƅƚiƢm  OHBM  ˮ   Organization  for  Human  Brain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕

Mapping ˯  ƄƢi  eƍƚ  le  ƅeǐeƚ  Ǐdèle  de  l̑éƹolƢƚion  Ƃaƍƍée˯  Ƃƅéƍenƚe  eƚ  fƢƚƢƅe˯  deƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhémaƚiƄƢeƍ  dƢ  domaine˴  C̑eƍƚ  à  l̑iniƚiaƚiƹe  deƍ  Pƅ˴  Beƅnaƅd  MaǊoǀeƅ˯  Pƅ˴  Peƅ  Roland  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  Pƅ˴  RƧdigeƅ  SeiƚǊ  ƄƢ̑eƍƚ  née  l̑aƍƍociaƚion  OHBM  ƄƢelƄƢeƍ  annéeƍ  aƹanƚ  ƍa  ʤ ère  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍƍemblée˴  En  ʤʬʬʨ˯  loƅƍ  de  ƍon  ʤ er  ƅaƍƍemblemenƚ  à  Paƅiƍ˯  ʫʥʣ  ƍcienƚiǏƄƢeƍ  dƢ  monde  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚieƅ  ƍe  ƅéƢniƍƍenƚ  ƂoƢƅ  l̑occaƍion˯  ʥʨ  anƍ  ƂlƢƍ  ƚaƅd˯  en  ʥʣʤʬ˯  ce  ƍonƚ  ƂlƢƍ  de  ʧ  ʣʣʣ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cheƅcheƢƅƍ  ƄƢi  ƍe  ƅejoignenƚ  à  Rome  ƂoƢƅ  éƹoƄƢeƅ  leƍ  gƅandeƍ  ƄƢeƍƚionƍ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoimageƅie˴   ̖̖

ʧʣʧ  abƍƚƅacƚƍ  ƍonƚ  ƅeçƢƍ  Ƃaƅ  leƍ  oƅganiƍaƚeƢƅƍ  en  ʤʬʬʨ  ˹  Ƃaƅmi  eƢƿ  ʨʦ̾  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅaiƚenƚ  dƢ  ƚhème  de  la  cogniƚion˯  ʥʫ̾  aboƅdenƚ  le  ƍƢjeƚ  de  la  méƚhodologie  eƚ  ʤʬ̾  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƚhologieƍ  céƅébƅaleƍ˴  A  ceƚƚe  éƂoƄƢe˯  l̑IRM  ne  ƅeƂƅéƍenƚe  ƄƢe  ʥʧ̾  deƍ  méƚhodeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aloƅƍ  Ƣƚiliƍéeƍ˴  En  ʥʣʤʬ˯  ʦ  ʩʣʨ  abƍƚƅacƚƍ  ƍonƚ  ƅeçƢƍ  Ƃaƅ  leƍ  oƅganiƍaƚeƢƅƍ˯  ƍoiƚ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢgmenƚaƚion  d̑Ƣn  facƚeƢƅ  ʬ  en  ʥʨ  anƍ˴  Maiƍ  comme  le  ƍoƢligne  le  Pƅ˴  Beƅnaƅd  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MaǊoǀeƅ  danƍ  ƍon  diƍcoƢƅƍ  de  clôƚƢƅe  de  céƅémonie  d̑OHBM  ʥʣʤʬ  ˮ  leƍ  gƅaineƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhèmeƍ  de  ƅecheƅche  acƚƢelƍ  en  neƢƅoimageƅie  ƍonƚ  déjà  ƍeméeƍ  en  ʤʬʬʨ˴  En  effeƚ˯  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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aƅƚicle  de  Peƚeƅ  J˴  Baƍƍeƅ  éƹoƄƢe  l̑IRM  de  diffƢƍion   ˾BASʬʨ˿  eƚ  Ƣn  aƢƚƅe  de  Van  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Wedeen  Ƃaƅle  de  ƚƅacƚogƅaƂhie  eƚ  d̑eƿƂloƅaƚion  deƍ  conneƿionƍ  anaƚomiƄƢeƍ  enƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚeƍ  ƅégionƍ  céƅébƅaleƍ  à  l̑aide  de  l̑IRM   ˾WEDʬʨ˿ ˴  La  neƢƅoimageƅie  généƚiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƚ  égalemenƚ  Ƃƅéƍenƚe  aƹec  Ƣn  ƂaƂieƅ  de  Beƅman  ͇   al˴   ˾BERʬʨ˿ ˴  Finalemenƚ˯  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

domaine  ƄƢi  conceƅne  ƂlƢƍ  ƂaƅƚicƢlièƅemenƚ  le  ƍƢjeƚ  de  ceƚƚe  ƚhèƍe  ˮ  l̑éƚƢde  deƍ  baƍeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅaleƍ  deƍ  foncƚionƍ  cogniƚiƹeƍ  eƍƚ  égalemenƚ  Ƃƅéƍenƚe˯  aƹec  la  comƂaƅaiƍon  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚiƹaƚionƍ  Ƃendanƚ  difféƅenƚeƍ  ƚâcheƍ  cogniƚiƹeƍ   ˾HORʬʨ˿  eƚ  la  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelle  ƹia  leƍ  coƅƅélaƚionƍ  ƚemƂoƅelleƍ  meƍƢƅéeƍ  à  l̑éƚaƚ  de  ƅeƂoƍ   ˾HYDʬʨ˿ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

EnǏn˯  il  faƢƚ  ƍoƢligneƅ  dèƍ  ʤʬʬʨ  le  déƹeloƂƂemenƚ  de  méƚhodeƍ  Ƃeƅmeƚƚanƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

combineƅ  difféƅenƚeƍ  modaliƚéƍ  ƚel  ƄƢe  le  ƂaƂieƅ  de  John  Geoƅge  ͇   al˴  ƄƢi  ƹiƍe  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

combineƅ  leƍ  donnéeƍ  anaƚomiƄƢeƍ  ̀ƹia  l̑IRḾ˯  d̑acƚiƹaƚion  foncƚionnelle  ̀IRMf́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑élecƚƅoencéƂhalogƅaƂhie  ̀EEǴ  eƚ  de  MEG   ˾GEOʬʨ˿ ˴  Paƅ  ailleƢƅƍ˯  il  ǀ  a  ʥʨ  anƍ˯  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

moƚƍ̆cléƍ  deƍ  ƚiƚƅeƍ  deƍ  abƍƚƅacƚ  éƚaienƚ  ̎  activation ̏ ˯  ̎  PET ̏ ˯  ̎  fMRI ̏ ˯  ̎  mapping ̏   eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̎ functional ̏ ˯  en  ʥʣʤʬ  ce  ƍonƚ  leƍ  moƚƍ  ̎  functional ̏ ˯  ̎  connectivity ̏ ˯  ̎  networks ̏ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̎ fMRI ̏   eƚ  ̎  structural ̏ ˴  Ceƍ  changemenƚƍ  de  moƚ̆cléƍ  démonƚƅenƚ  le  Ƃaƍƍage  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚƢde  locale  de  l̑acƚiƹiƚé  deƍ  ƅégionƍ  céƅébƅaleƍ˯  à  l̑éƚƢde  dǀnamiƄƢe  de  l̑acƚiƹiƚé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  de  ƅégionƍ  céƅébƅaleƍ  Ƃaƅ  leƍ  meƍƢƅeƍ  de  connecƚiƹiƚé  foncƚionnelle  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƅƢcƚƢƅelle˴  ̖

L̑analǀƍe  de  l̑éƹolƢƚion  deƍ  abƍƚƅacƚƍ  ƍoƢmiƍ  à  OHBM  Ƃeƅmeƚ  égalemenƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍƚaƚeƅ  ƄƢe  la  méƚhodologie  ƅeƍƚe  aƢ  coeƢƅ  de  la  diƍciƂline˴  En  ʥʣʤʬ˯  ʨʣ̾  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

abƍƚƅacƚƍ  ƅeçƢƍ  Ƃoƅƚenƚ  ƍƢƅ  leƍ  ƄƢeƍƚionƍ  de  méƚhodologie˯  aloƅƍ  ƄƢe  la  neƢƅoimageƅie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  foncƚionƍ  cogniƚiƹeƍ  ne  ƅeƂƅéƍenƚe  ƂlƢƍ  ƄƢe  ʥʨ̾  deƍ  ƍoƢmiƍƍionƍ˴  La  ƚhémaƚiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  Ƃaƚhologieƍ  ƄƢanƚ  à  elle  demeƢƅe  à  ʥʣ̾˯  démonƚƅanƚ  ƄƢe  leƍ  effoƅƚƍ  foƢƅniƍ  Ƃaƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

commƢnaƢƚé  en  ƚeƅmeƍ  de  ƅenoƢƹeaƢ  deƍ  ƚechnologieƍ˯  d̑analǀƍe  de  donnéeƍ  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅoƚocoleƍ  onƚ  deƍ  aƂƂlicaƚionƍ  concƅèƚeƍ  danƍ  le  domaine  deƍ  maladieƍ  neƢƅologiƄƢeƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƍǀchiaƚƅiƄƢeƍ˴  ̖

 ̖

L̑enƍemble  deƍ  aƹancéeƍ  hiƍƚoƅiƄƢeƍ  Ƃƅéƍenƚéeƍ  en  ce  débƢƚ  d̑inƚƅodƢcƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

n̑aƢƅaiƚ  ƂƢ  ƹoiƅ  le  joƢƅ  ƍanƍ  l̑aƅƅiƹée  de  l̑infoƅmaƚiƄƢe  eƚ  deƍ  méƚhodeƍ  nƢméƅiƄƢeƍ  ƄƢi ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑accomƂagnenƚ˴  En  ʤʬʪʦ˯  le  CT̆ƍcan  ̀  Computer̅assisted  Tomography  ˮ  ƚomogƅaƂhie  ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖

aƿiale  calcƢlée  Ƃaƅ  oƅdinaƚeƢƅ́  eƍƚ  miƍ  aƢ  Ƃoinƚ  Ƃaƅ  l̑ingénieƢƅ  d̑ Electric  and  Musical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

ʥʪ  ̖



 ̖

Industries  ̀EMI˯  Ƣn  majoƅ  de  l̑indƢƍƚƅie  mƢƍicalé  Godfƅeǀ  HoƢnƍǏeld   ˾HOUʪʦ˿ ˴  Le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖8

CT̆ƍcan  ƍe  baƍe  ƍƢƅ  la  ƚƅanƍfoƅmée  de  Radon   ˾RADʤʪ˿  ƄƢi  décƅiƚ  commenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeconƍƚƅƢiƅe  la  géoméƚƅie  eƿƚeƅne  oƢ  inƚeƅne  d̑Ƣn  objeƚ  à  Ƃaƅƚiƅ  d̑Ƣn  enƍemble  de  ƍéƅieƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  meƍƢƅeƍ  effecƚƢéeƍ  deƂƢiƍ  ƍon  eƿƚéƅieƢƅ˴  Danƍ  noƚƅe  caƍ˯  l̑objeƚ  en  ƄƢeƍƚion  eƍƚ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƂƍ  hƢmain  eƚ  leƍ  meƍƢƅeƍ  effecƚƢéeƍ  ƍonƚ  celleƍ  de  l̑abƍoƅƂƚion  deƍ  ƅaǀonƍ  X˴  Ceƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚechniƄƢe   Ƃeƅmeƚ   de   ƅeconƍƚƅƢiƅe   deƍ   imageƍ   ʦD   deƍ   ƍƚƅƢcƚƢƅeƍ   anaƚomiƄƢeƍ˴  ̖

La  TEP  eƍƚ  déƹeloƂƂée  en  ʤʬʪʨ   ˾TERʪʨ˿  ˮ  c̑eƍƚ  aloƅƍ  la  Ƃƅemièƅe  ƚechniƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑imageƅie  molécƢlaiƅe˯  baƍée  ƍƢƅ  Ƣn  ƚƅaceƢƅ  ƅadioacƚif˯  aƹec  laƄƢelle  on  calcƢle˯  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

noƢƍ  l̑aƹonƍ  ƹƢ  Ƃƅécédemmenƚ˯  deƍ  caƅƚeƍ  d̑acƚiƹiƚé  cogniƚiƹe˴  Gƅâce  aƢƿ  ƚechniƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚomogƅaƂhiƄƢe  Ƣƚiliƍéeƍ˯  la  TEP  Ƃeƅmeƚ  d̑aƹoiƅ  accèƍ  à  la  foiƍ  aƢƿ  foncƚionƍ  cogniƚiƹeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ   aƢƿ   ƂƅoceƍƍƢƍ   biochimiƄƢeƍ   deƍ   oƅganeƍ   leƍ   ƍƢƂƂoƅƚanƚ˴   ̖̖

Leƍ  ƂƅinciƂeƍ  ƂhǀƍiƄƢeƍ  de  la  Réƍonance  MagnéƚiƄƢe  NƢcléaiƅe  ̀RMŃ  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

décoƢƹeƅƚƍ  indéƂendammenƚ  en  ʤʬʧʩ  Ƃaƅ  leƍ  Pƅ˴  Feliƿ  Bloch  eƚ  Edƺaƅd  PƢƅcell  ̀  cf˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾KEVʬʪ˿  ƂoƢƅ  Ƣne  ƅeƹƢe  de  leƢƅƍ  ƚƅaƹaƢƿ́˴  Ce  n̑eƍƚ  ƄƢ̑en  ʤʬʫʣ  ƄƢe  la  Ƃƅemièƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

machine  à  IRM  eƍƚ  Ƣƚiliƍée  aƹec  ƍƢccèƍ  ƍƢƅ  Ƣn  Ƃaƚienƚ  à  l˸hôƂiƚal   Aberdeen  Royal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

Infirmary  en  Ecoƍƍe˴  Il  aƢƅa  en  effeƚ  fallƢ  aƚƚendƅe  leƍ  ƚƅaƹaƢƿ  dƢ  Pƅ˴  PaƢl  LaƢƚeƅbƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  ƍa  méƚhode  d̑analǀƍe  dƢ  ƍignal  RMN˯  aloƅƍ  aƂƂelé  ǊeƢgmaƚogƅaƂhie˯  aǏn  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeconƍƚƅƢiƅe  leƍ  Ƃƅemièƅeƍ  imageƍ  ʦD  d̑Ƣne  oƅange˯  à  la  manièƅe  dƢ  CT̆ƍcan   ˾LAUʪʦ˿ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ToƢƚ  comme  ƂoƢƅ  le  CT̆ƍcan˯  ceƚƚe  ƚechniƄƢe  n̑aƢƅaiƚ  ƂƢ  ƹoiƅ  le  joƢƅ  ƍanƍ  l̑analǀƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

nƢméƅiƄƢe  eƚ  l̑aƹènemenƚ  de  l̑infoƅmaƚiƄƢe  danƍ  leƍ  annéeƍ  ʪʣ  ƄƢi  l̑accomƂagnenƚ  aǏn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de   Ƃeƅmeƚƚƅe   ceƍ   ƅeconƍƚƅƢcƚionƍ   ƚƅèƍ   comƂleƿeƍ˴   ̖̖

 ̖

La  cŏoccƢƅƅence  dƢ  déƹeloƂƂemenƚ  deƍ  noƢƹelleƍ  méƚhodeƍ  maƚhémaƚiƄƢeƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  leƢƅ  aƂƂlicaƚion  aƢƿ  noƢƹelleƍ  ƚechniƄƢeƍ  d̑imageƅie˯  de  l̑infoƅmaƚiƄƢe  ̀à  ƚƅaƹeƅƍ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢiƍƍance  de  calcƢl  eƚ  Ƣn  ƍƚockage  de  donnéeƍ  ƚoƢjoƢƅƍ  ƂlƢƍ  gƅand́  eƚ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoimageƅie  cogniƚiƹe  a  aloƅƍ  éƚé˯  eƚ  eƍƚ  encoƅe˯  Ƣn  deƍ  moƚeƢƅƍ  de  l˸éƹolƢƚion  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoƍcienceƍ   cogniƚiƹeƍ˴  ̖

ʫ  d̑après  les  travaux  du  Pr˴  Allan  Cormack˴  G˴  HounsǏeld  et  A˴  Cormack  reçoivent  tous  deux  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
prix   Nobel   de   physiologie   ou   de   médecine   en   ʤʬʪʬ   pour   cette   découverte˴   ̖̖

ʥʫ  ̖



 ̖

ʣ˳ʣ˳ Hiƍƚoire  eƚ  principe  général  de  l̐Imagerie  par  Réƍonance  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

MagnéƚiqƢe   foncƚionnelle  ̕

ʤ˴ʤ˴ʤ˴ L̑IRM  comme  méƚhode  de  ƅéféƅence  de  neƢƅoimageƅie  anaƚomiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ   foncƚionnelle  ̖

JƢƍƄƢ̑en  ʤʬʬʤ˯  la  caƅƚogƅaƂhie  deƍ  foncƚionƍ  cogniƚiƹeƍ  eƍƚ  eƍƍenƚiellemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéaliƍée  à  l̑aide  de  la  TEP  aƹec  injecƚion  d̑eaƢ  ƅadioacƚiƹe ˴  Maiƍ  en  ʤʬʬʤ˯  l̑éƄƢiƂe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖9

BƅƢce  Roƍen˯  dƢ   Massachusetts  General  Hospital  ̀MGH́˯  ƂƢblie  la  Ƃƅemièƅe  éƚƢde  ̖ ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelle  dƢ  ƍǀƍƚème  ƹiƍƢel  en  Ƣƚiliƍanƚ  l̑IRM   ˾BELʬʤ˿  ˮ  l̑IRM  foncƚionnelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀IRMf́  eƍƚ  née˴  PoƢƅ  ƅéaliƍeƅ  ceƚƚe  Ƃƅemièƅe˯  leƍ  cheƅcheƢƅƍ  dƢ  MGH  onƚ  injecƚé  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gadoliniƢm  danƍ  la  ciƅcƢlaƚion  ƍangƢine  deƍ  ƂaƅƚiciƂanƚƍ  de  l̑éƚƢde˯  Ƣn  ƚƅaceƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂaƅamagnéƚiƄƢe  donƚ  leƍ  ƹaƅiaƚionƍ  de  concenƚƅaƚionƍ˯  déƚecƚableƍ  Ƃaƅ  IRM˯  déƂendenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ  ǐƢƿ  ƍangƢin  céƅébƅal  local˴  En  ʤʬʬʥ˯  gƅâce  à  deƢƿ  éƚƢdeƍ  Ƃionnièƅeƍ  ̀  ˾KWOʬʥ˿  ͇  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾OGAʬʥ˿ ́˯  l̑IRMf  deƹienƚ  ƅéaliƍable  ƍanƍ  ƄƢ̑il  ƍoiƚ  néceƍƍaiƅe  d̑injecƚeƅ  ce  ƂƅodƢiƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅaƍƚe˯  eƚ  ce  gƅâce  à  l̑obƍeƅƹaƚion  Ƃaƅ  IRM  deƍ  ǐƢcƚƢaƚionƍ  localeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déƍoƿǀ̆hémoglobine  ̀molécƢle  endogène  ƂaƅamagnéƚiƄƢé  engendƅéeƍ  Ƃaƅ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiaƚionƍ  d˸acƚiƹiƚé  neƢƅonale  ˮ  l̑IRMf̆BOLD  ̀Blood  Oƿǀgen  Leƹel  DeƂendenƚ́  ƹoiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖10

ainƍi  le  joƢƅ˴  Ceƚƚe  deƅnièƅe  ƚechniƄƢe  eƍƚ  aƢjoƢƅd̑hƢi  conƍidéƅée  comme  Ƣne  méƚhode  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de   ƅéféƅence    ˾BANʣʤ˿    ƂoƢƅ   l̑éƚƢde   deƍ   baƍeƍ   neƢƅaleƍ   deƍ   foncƚionƍ   cogniƚiƹeƍ˴  ̖

Conƚƅaiƅemenƚ  à  la  TEP  ƄƢi  néceƍƍiƚe  l̑injecƚion  d̑Ƣn  ƚƅaceƢƅ  ƅadioacƚif˯  eƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑IRMf  Ƣƚiliƍanƚ  le  gadoliniƢm˯  l̑IRMf̆BOLD  eƍƚ  non̆inƹaƍiƹe  eƚ  offƅe  donc  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƂaciƚé  d˸imageƅie  en  ʧ  dimenƍionƍ  aƹec  Ƣne  ƅéƍolƢƚion  ƍƂaƚiale  enƚƅe  ʤ  eƚ  ʧ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

millimèƚƅeƍ˯  eƚ  Ƣn  échanƚillonnage  ƚemƂoƅel  d̑enƹiƅon  ʤ  ƍeconde˴  La   FigƢƅe  ʥ  Ƃeƅmeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑aƹoiƅ  Ƣn  aƂeƅçƢ  deƍ  difféƅenƚeƍ  ƅéƍolƢƚionƍ  ƍƂaƚialeƍ  eƚ  échanƚillonnageƍ  ƚemƂoƅelƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƚechniƄƢeƍ  d̑imageƅie  céƅébƅale  aƢjoƢƅd̑hƢi  diƍƂonibleƍ˴  Leƍ  difféƅenceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d˸échanƚillonnage  ƚemƂoƅel  ƍ̑eƿƂliƄƢenƚ  noƚammenƚ  Ƃaƅ  la  naƚƢƅe  même  deƍ  difféƅenƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍignaƢƿ  enƅegiƍƚƅéƍ  ˮ  l̑EEG  oƢ  la  MEG  ƍ̑aƂƂƢie  Ƃaƅ  eƿemƂle  ƍƢƅ  la  ƅéƂonƍe  élecƚƅiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʬ  En  ʤʬʫʫ˯  la  pertinence  de  l̑étude  des  fonctions  cognitives  par  Tomographie  par  Émission  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Positons   ̀TEṔ   a   été   démontrée   par   le   Pr˴   Michael   Posner    ˾POSʫʫ˿ ˴  ̖
10  Par   la   suite˯   IRMf   fera   référence   à   l̑IRMf̆BOLD˴  ̖

ʥʬ  ̖



 ̖

deƍ  dendƅiƚeƍ  ƄƢi  eƍƚ  de  l̑oƅdƅe  de  ʥʣ  milliƍecondeƍ˯  aloƅƍ  ƄƢe  l̑IRMf  ƅeƂoƍe  ƍƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖11

ƅéƂonƍe  hémodǀnamiƄƢe  ƄƢi  a  Ƣn  ƚemƂƍ  de  ƅéƂonƍe  ƂhǀƍiologiƄƢe  d̑enƹiƅon  ʤ  à  ʦ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍecondeƍ  aƂƅèƍ  l̑acƚiƹiƚé  élecƚƅiƄƢe  de  l̑enƍemble  neƢƅonal  ƅegaƅdé˴  Leƍ  difféƅenceƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍolƢƚionƍ  ƍƂaƚialeƍ  ƍ̑eƿƂliƄƢenƚ  ƄƢanƚ  à  elleƍ˯  Ƃaƅ  leƍ  Ƃhénomèneƍ  ƂhǀƍiƄƢeƍ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚƍ   Ƣƚiliƍéƍ   danƍ   chaƄƢe   méƚhode˴   ̖̖

 ̖
FigƢƅe  ʥ  ˮ  Résolution  spatiŏtemporelle  des  principales  méthodes  utilisées  pour  mesurer  l˸activité  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cérébrale  en  ʥʣʤʧ˴  Les  rectangles  représentent  la  résolution  spatiale  et  temporelle  pour  chaque  technique˳  ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
L˷encadré  en  bas  à  droite  permet  de  comparer  les  méthodes  de  ʤ0ʣʦ  avec  les  méthodes  disponibles  en  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ʣʫʪʪ˳  Il  est  à  noter  que  le  développement  de  l̐IRMf  vient  combler  un  manque  en  termes  de  résolution  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
méso  et  macroscopique  à  l̐échelle  de  la  seconde˳  En  généralˮ  les  techniques  à  haute  résolution  spatiale  et  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
temporelle  sont  plus  invasives˳  EEG  ˭  électroencéphalographieˮ  IRMf  ˭  IRM  fonctionnelleˮ  MEG  ˭  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
magnétoencéphalographieˮ  PET  ˭  tomographie  par  émission  de  positronsˮ  TMS  ˭  stimulation  magnétique  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
transcrânienneˮ  VSD  ˭  colorant  sensible  au  potentielˮ  ʤ̅DG  ˭  ʤ̅désoxyglucose˳  Figure  adaptée  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽SEJʣʦ˾ ˳  ̖

11  Les  dendrites  sont  des  ramiǏcations  des  corps  cellulaires  des  neurones˴  Elles  propagent  les  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
stimulations  électrochimiques  reçues  par  les  axones  d̑autres  cellules  nerveuses˯  via  la  synapse˯  jusqȗau  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
corps   cellulaire   à   partir   duquel   les   dendrites   se   projettent    ˾KANʤʦ˿ ˴  ̖

ʦʣ  ̖



 ̖

DeƂƢiƍ  la  Ǐn  deƍ  annéeƍ  ʬʣ˯  l̑Imageƅie  Ƃaƅ  Réƍonance  MagnéƚiƄƢe  ƍ̑eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déƹeloƂƂée  eƚ  chaƄƢe  hôƂiƚal  Ƃoƍƍède  aƢ  moinƍ  Ƣne  machine  Ƃeƅmeƚƚanƚ  de  faiƅe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖12

acƄƢiƍiƚionƍ  d̑imageƅie  anaƚomiƄƢe  eƚ  foncƚionnelle  dƢ  ceƅƹeaƢ  oƢ  d̑aƢƚƅeƍ  oƅganeƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

L˸IRMf  céƅébƅale  en  ƂaƅƚicƢlieƅ  ƍ̑eƍƚ  déƹeloƂƂée  eƚ˯  en  ʥʣ  anƍ˯  leƍ  aƅƚicleƍ  d̑IRMf  ƍƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  année  ƍƢƅ  PƢbMed  Ƃaƍƍenƚ  de  ʩ  en  ʤʬʬʥ  à  ʦ  ʬʫʫ  en  ʥʣʤʤ˴  Aƹec  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖13

aƢgmenƚaƚion  linéaiƅe  annƢelle  d̑enƹiƅon  ʥʨʧ  aƅƚicleƍ  ƍƢƂƂlémenƚaiƅeƍ  ̀enƚƅe  ʤʬʬʧ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʥʣʤʨ́˯  la  Ƃƅéƹiƍion  dƢ  nombƅe  d̑aƅƚicleƍ  ƂoƢƅ  ceƚƚe  année  ʥʣʥʣ  eƍƚ  de  ʩ  ʣʣʣ  ˹  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

condƢiƍanƚ  à  Ƣn  ƚoƚal  de  ʩʧ  ʧʤʪ  ƅéféƅenceƍ  Ƣƚiliƍanƚ  l˸IRMf  comme  ƍoƢƅce  de  leƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍƢlƚaƚƍ˴  ̖

ʤ˴ʤ˴ʥ˴ PƅinciƂe  de  l̑IRM  foncƚionnelle  céƅébƅale  ƂoƢƅ  la  caƅƚogƅaƂhie  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionƍ   cogniƚiƹeƍ  ̖

L̑IRM  ƅeƂoƍe  ƍƢƅ  le  ƂƅinciƂe  de  Réƍonance  MagnéƚiƄƢe  NƢcléaiƅe  ̀RMŃ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣƚiliƍe  leƍ  ƂƅoƂƅiéƚéƍ  magnéƚiƄƢeƍ  dƢ  noǀaƢ  d̑hǀdƅogène  conƍƚiƚƢanƚ  la  maƚièƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƅganiƄƢe˯  eƚ  ƂƅinciƂalemenƚ  l̑eaƢ  donƚ  la  concenƚƅaƚion  eƍƚ  ƚƅèƍ  éleƹée  danƍ  le  ceƅƹeaƢ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

En  l̑abƍence  de  chamƂ  magnéƚiƄƢe˯  leƍ  aƿeƍ  de  ƅoƚaƚion  deƍ  noǀaƢƿ  d̑hǀdƅogène  ̀  i˳e˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƢƅ  ƍƂiń  ƍ̑oƅienƚenƚ  aléaƚoiƅemenƚ  eƚ  indéƂendammenƚ  leƍ  Ƣnƍ  deƍ  aƢƚƅeƍ˴  A  conƚƅaƅio˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  Ƃƅéƍence  d̑Ƣn  chamƂ  magnéƚiƄƢe  ƍƚable˯  leƍ  ƍƂinƍ  ƍ˸oƅienƚenƚ  Ƃaƅallèlemenƚ  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

chamƂ  magnéƚiƄƢe  ˮ  Ƣne  ƂƅoƂoƅƚion  Ƣn  ƂeƢ  ƂlƢƍ  imƂoƅƚanƚe  de  ceƢƿ̆ci  éƚanƚ  oƅienƚéƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ  le  ƍenƍ  dƢ  chamƂ  ƂlƢƚôƚ  ƄƢ̑en  ƍenƍ  inƹeƅƍe˯  Ƣn  momenƚ  magnéƚiƄƢe  ƅéƍƢlƚanƚ  neƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƚ  conƍƚiƚƢé˴  L̑eƿƂéƅience  de  RMN  conƍiƍƚe  aloƅƍ  à  aƂƂliƄƢeƅ  Ƣn  chamƂ  magnéƚiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƢƅnanƚ  à  la  fƅéƄƢence  de  Laƅmoƅ  deƍ  Ƃƅoƚonƍ˯  oƅƚhogonal  aƢ  chamƂ  ƍƚable˯  ƂoƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

écaƅƚeƅ  le  momenƚ  magnéƚiƄƢe  iniƚial  de  l̑aƿe  dƢ  chamƂ  ƂƅinciƂal  eƚ  ƂoƢƹoiƅ  ainƍi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

meƍƢƅeƅ  eƚ  obƍeƅƹeƅ  ƍon  ƅeƚoƢƅ  à  l̑éƚaƚ  iniƚial˯  Ƃhénomène  diƚ  de  ƅelaƿaƚion˴  Leƍ  ƚemƂƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƅelaƿaƚion  ƍonƚ  leƍ  meƍƢƅeƍ  cenƚƅaleƍ  en  IRM˯  eƚ  Ƃeƅmeƚƚenƚ  noƚammenƚ  de  ƍaƹoiƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

12   La  Commission  Internationale  de  Protection  contre  les  Radiations  Non̆Ionisantes  ̀ICNIRṔ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
émet  malgré  tout  certaines  recommandations  concernant  notamment  l̑effet  projectile  du  champ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
électromagnétique˯  l̑apparition  possible  de  vertige  dû  à  la  susceptibilité  magnétique  du  système  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
vestibulaire  et  conseille˯  par  principe  de  précaution˯  que  les  femmes  enceintes  ne  s˸approchent  pas  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
l̑IRM   ˾ ICNʣʬ˿ ˴  La  loi  Jardé  ̀LOI  n͍ʥʣʤʥ̆ʦʣʣ  du  ʨ  mars  ʥʣʤʥ́  est  chargée  de  l̑encadrement  de  ces  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
recommandations  dans  le  cadre  de  l̑instrumentation  par  IRM  et  plus  généralement  encadre  les  pratiques  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
impliquant  la  personne  humaine˴  L̑IRMf  peut  être  utilisée  cheǊ  des  individus  sains˯  dans  le  cadre  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
précédente  loi˯  qui  si  besoin˯  peuvent  être  scannés  à  plusieurs  reprises  si  le  protocole  le  justiǏe  et  que  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
comité   d̑éthique   le   valide˴  ̖

13  Résultats  sur  Pubmed  en  avril  ʥʣʥʣ  de  la  recherche  ˮ  ˾̎fMRȈ  OR  ̎ functional  MRȈ  OR  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
̎functional   magnetic   resonance   imaging̏˿˴  ̖

ʦʤ  ̖



 ̖

danƍ  ƄƢel  ƚǀƂe  de  ƚiƍƍƢ  noƢƍ  ƍommeƍ  ̀ƍƢbƍƚance  blanche˯  maƚièƅe  gƅiƍe  oƢ  liƄƢide  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƂhalŏƅachidień˯   leƍ   ƚemƂƍ   de   ƅelaƿaƚion   éƚanƚ   difféƅenƚƍ   d̑Ƣn   ƚiƍƍƢ   à   l̑aƢƚƅe˴  ̖

Danƍ  le  cadƅe  de  l̑IRMf˯  Ƣne  ƍeconde  ƂƅoƂƅiéƚé  baƍée  ƍƢƅ  l̑acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémodǀnamiƄƢe  céƅébƅale˯  ƅéƍƢlƚanƚ  d̑Ƣne  caƍcade  d̑éƹènemenƚƍ  liéƍ  à  l̑acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

élecƚƅiƄƢe  eƚ  méƚaboliƄƢe  neƢƅonale˯  eƍƚ  Ƣƚiliƍée  aǏn  de  meƍƢƅeƅ  leƍ  ƹaƅiaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionaleƍ  de  l̑acƚiƹiƚé  céƅébƅale˴  L̑eƿécƢƚion  de  ƂƅoceƍƍƢƍ  cogniƚifƍ  ƅeƂoƍe  en  effeƚ  ƍƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣn  enƍemble  d̑acƚiƹiƚéƍ  élecƚƅiƄƢeƍ  ƍƢƂƂoƅƚé  Ƃaƅ  leƍ  neƢƅoneƍ  dƢ  ceƅƹeaƢ  ˮ  modƢlaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  fƅéƄƢenceƍ  oƢ  de  la  Ƃhaƍe  deƍ  ƚƅainƍ  de  déchaƅge  deƍ  neƢƅoneƍ  condƢiƍanƚ  à  leƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍǀnchƅoniƍaƚion  oƢ  déƍǀnchƅoniƍaƚion˴  L̑enƍemble  de  ceƍ  modƢlaƚionƍ  ƍe  ƚƅadƢiƚ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  modiǏcaƚionƍ  élecƚƅochimiƄƢeƍ  aƢ  niƹeaƢ  deƍ  ƍǀnaƂƍeƍ  deƍ  neƢƅoneƍ  imƂliƄƢéƍ  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƚâche˴  L̑éneƅgie  néceƍƍaiƅe  ƂoƢƅ  ƍƢƂƂoƅƚeƅ  l̑acƚiƹiƚé  élecƚƅiƄƢe  indƢiƚe  Ƃaƅ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoceƍƍƢƍ  cogniƚif  eƍƚ  foƢƅnie  Ƃaƅ  l̑Adénoƍine  TƅiPhoƍƂhaƚe  ̀ATṔ  ƄƢi  Ƃƅoƹienƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅinciƂalemenƚ  de  la  dégƅadaƚion  dƢ  glƢcoƍe˴  CeƂendanƚ˯  le  ceƅƹeaƢ  n̑a  aƢcƢne  ƅéƍeƅƹe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  glƢcoƍe  eƚ  ƍa  liƹƅaiƍon  Ƃaƅ  leƍ  ƹaiƍƍeaƢƿ  ƍangƢinƍ  eƍƚ  donc  ƅéaliƍée  en  ƚemƂƍ  ƅéel  eƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ǐƢƿ̆ƚendƢ˯  leƍ  déƂenƍeƍ  éƚanƚ  conƍƚammenƚ  comƂenƍéeƍ  Ƃaƅ  leƍ  aƂƂoƅƚƍ˴  Le  glƢcoƍe  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déliƹƅé  aƢ  ceƅƹeaƢ  ƹia  la  ciƅcƢlaƚion  ƍangƢine  eƚ  deƢƿ  modeƍ  de  ƂƅodƢcƚion  de  l̑ATP  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍonƚ  aloƅƍ  Ƃoƍƍibleƍ˴  Le  Ƃƅemieƅ  ˮ  la  glǀcolǀƍe˯  eƍƚ  Ƣne  ƹoie  de  ƂƅodƢcƚion  ƅaƂide˯  ƍanƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍommaƚion  d̑oƿǀgène˯  maiƍ  ƂeƢ  efǏcace  en  ƚeƅmeƍ  d̑ATP  ƂƅodƢiƚ  ̀ foƅmaƚion  neƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ʥ  molécƢleƍ  d̑ATP ́  eƚ  a  eƍƍenƚiellemenƚ  lieƢ  loƅƍ  de  la  ƅéaliƍaƚion  d̑Ƣne  ƚâche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖14

cogniƚiƹe˴  Le  ƍecond  mode  ˮ  la  ƂhoƍƂhoƅǀlaƚion  oƿǀdaƚiƹe˯  eƍƚ  Ƣne  ƹoie  de  ƂƅodƢcƚion ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƢƿ  foiƍ  ƂlƢƍ  lenƚe  ƄƢe  la  glǀcolǀƍe   ˾MCGʫʦ˿  eƚ  aƹec  conƍommaƚion  d̑oƿǀgène˯  maiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅèƍ  efǏcace  ƂƢiƍƄƢe  ƂƅodƢiƍanƚ  ƄƢinǊe  foiƍ  ƂlƢƍ  d̑ATP  ̀ʦʣ  molécƢleƍ  d̑ATP  ƂƅodƢiƚeƍ́  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  la  glǀcolǀƍe  ƍƢƅ  laƄƢelle  elle  ƍ̑aƂƂƢie   ˾GUSʣʤ˿ ˴  Loƅƍ  d̑Ƣne  acƚiƹiƚé  diƅigée˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑acƚiƹiƚé  neƢƅale  dƢ  ƅéƍeaƢ  de  ƅégionƍ  céƅébƅaleƍ  conceƅnéeƍ  aƢgmenƚe˯  indƢiƍanƚ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

beƍoin  d̑ATP  ƂlƢƍ  éleƹé  eƚ  ƂlƢƍ  ƅaƂide  ƄƢi  ƍeƅa  ƂƅodƢiƚ  Ƃaƅ  glǀcolǀƍe˴  Ceƚƚe  acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅaîne  Ƣne  déƂenƍe  d̑éneƅgie  aƍƍƢƅée  Ƃaƅ  Ƣne  aƢgmenƚaƚion  de  la  conƍommaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

locale  de  ƍƢcƅe  de  l̑oƅdƅe  de  ʨ̾  ̀ƍoiƚ  ʣ˯ʤ  mg˺min˯   ˾RAIʣʩa˿ ́ ˯  ƍanƍ  aƢgmenƚaƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍommaƚion  d̑oƿǀgène˴  En  Ƃaƅallèle  eƚ  danƍ  ceƍ  mêmeƍ  ƅégionƍ˯  Ƣne  aƢgmenƚaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ  débiƚ  ƍangƢin  de  l̑oƅdƅe  de  ʨ̾  a  égalemenƚ  lieƢ  ̀ƍoiƚ  ʤ  mL˺miń  aǏn  de  ƅenoƢƹeleƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le   ƍƢcƅe   dégƅadé   Ƃaƅ   l̑acƚiƹiƚé   céƅébƅale   locale˴  ̖

 ̖

1ʧ  Le   processus   de   glycolyse   va   consommer   ʥ   molécules   d̑ATP   pour   en   produire   ʧ˴  ̖

ʦʥ  ̖



 ̖

Commenƚ  ƂeƢƚ̆on  aloƅƍ  caƅƚogƅaƂhieƅ  ceƍ  légèƅeƍ  ǐƢcƚƢaƚionƍ  méƚaboliƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ   déclenchéeƍ   Ƃaƅ   deƍ   ƚâcheƍ   cogniƚiƹeƍ   ˵    ̖̖

Loƅƍ  de  l̑eƿécƢƚion  d̑Ƣne  ƚâche˯  l̑aƢgmenƚaƚion  local  dƢ  débiƚ  ƍangƢin  condƢiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

égalemenƚ  à  Ƣne  aƢgmenƚaƚion  locale  en  oƿǀgène˯  aloƅƍ  même  ƄƢe  la  demande  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚaboliƄƢe  en  oƿǀgène  ƅeƍƚe  ƍƚable˴  Ce  décoƢƂlage  ƍ̑accomƂagne  de  faiƚ  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diminƢƚion  locale  de  la  concenƚƅaƚion  en  hémoglobine  non  oƿǀgénée  oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déƍoƿǀhémoglobine  ˮ  c̑eƍƚ  l̑effeƚ  BOLD  ̀Blood  Oƿǀgen  Leƹel  DeƂendenƚ́˴  Ceƚ  effeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍƚiƚƢe  le  ƍignal  de  baƍe  enƅegiƍƚƅé  en  IRMf˴  En  effeƚ˯  l˸hémoglobine  conƚienƚ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖15

aƚome  de  feƅ˯  ƄƢi  loƅƍƄƢe  ƄƢ̑il  n̑eƍƚ  Ƃaƍ  accomƂagné  d̑oƿǀgène  eƍƚ  ƂaƅamagnéƚiƄƢe  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

c̑eƍƚ̆à̆diƅe  ƄƢ̑il  inƚeƅagiƚ  aƹec  le  chamƂ  magnéƚiƄƢe  en  Ƃƅéƍence  en  ǀ  cƅéanƚ  de  Ƃeƚiƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inhomogénéiƚéƍ  localeƍ˴  Oƅ˯  la  ƚechniƄƢe  d̑IRM  ƅeƂoƍe  ƍƢƅ  l̑homogénéiƚé  deƍ  chamƂƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

magnéƚiƄƢeƍ  aǏn  de  meƍƢƅeƅ  le  ƚemƂƍ  de  ƅelaƿaƚion  deƍ  momenƚƍ  magnéƚiƄƢeƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

L̑inadéƄƢaƚion  enƚƅe  l̑aƂƂoƅƚ  eƚ  la  conƍommaƚion  d̑oƿǀgène   ˾RAIʬʫ˿  condƢiƚ  de  ce  faiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

à  Ƣne  diminƢƚion  deƍ  inhomogénéiƚéƍ  deƍ  chamƂ  magnéƚiƄƢeƍ  locaƢƿ  deƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣƚiliƍéeƍ  ƂoƢƅ  la  ƚâche  en  coƢƅƍ  de  ƅéaliƍaƚion  ˹  en  effeƚ˯  le  ƍang  oƿǀgéné˯  oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƿǀhémoglobine˯  eƍƚ  Ƃaƅ  oƂƂoƍiƚion  à  la  déƍoƿǀhémoglobine˯  diamagnéƚiƄƢe   ˾PAUʦʩ˿ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

La  diminƢƚion  locale  deƍ  inhomogénéiƚéƍ  dƢ  chamƂ  enƚƅaîne  aloƅƍ  Ƣne  aƢgmenƚaƚion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚemƂƍ  de  ƅelaƿaƚion  ƚƅanƍƹeƅƍal  ̀ image  Tʥ˪  en  IRMf́  danƍ  leƍ  ƅégionƍ  Ƣƚiliƍéeƍ  loƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  ƚâche  cogniƚiƹe  ̀  FigƢƅe  ʦ ́ ˴  Une  acƄƢiƍiƚion  en  IRMf  dƢ  ƍignal  BOLD  Ƃeƅmeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donc  de  diƍƂoƍeƅ˯  en  ƄƢelƄƢeƍ  ƍecondeƍ  ̀  ˾LAUʪʦ˿  eƚ   ˾MANʪʪ˿ ́ ˯  d̑Ƣne  caƅƚe  dƢ  niƹeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅelaƚif  de  l̑oƿǀgénaƚion  ƍangƢine  de  l̑acƚiƹiƚé  céƅébƅale˴  Ceƍ  caƅƚeƍ  miƍeƍ  boƢƚ  à  boƢƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚƚenƚ  Ǐnalemenƚ  d̑obƚeniƅ  la  caƅƚe  deƍ  ƹaƅiaƚionƍ  ƅégionaleƍ  de  l̑acƚiƹiƚé  céƅébƅale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƅienƚée˴  Il  a  Ƃaƅ  ailleƢƅƍ  éƚé  démonƚƅé  ƄƢe  le  ƍignal  BOLD  eƍƚ  diƅecƚemenƚ  coƅƅélé  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑acƚiƹiƚé  élecƚƅiƄƢe  ƅégionale  deƍ  neƢƅoneƍ  ̀  ˾LOGʣʤ˿  eƚ   ˾SCHʣʫ˿ ́˯  faiƍanƚ  de  l̑IRMf  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖16

Ƣne  méƚhode  Ǐable  eƚ  Ƃeƅƚinenƚe  danƍ  l̑éƚƢde  deƍ  mécaniƍmeƍ  cogniƚifƍ˴  Il  eƍƚ  à  noƚeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  l̑amƂliƚƢde  dƢ  ƍignal  BOLD  ƹaƅie  aƢ  maƿimƢm  de  ʨ̾  ƂoƢƅ  leƍ  aiƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍomaƚoƍenƍoƅielleƍ  Ƃƅimaiƅeƍ  eƚ  de  l̑oƅdƅe  de  ʣ˴ʤ  à  ʣ˴ʨ̾  ƂoƢƅ  leƍ  ƅégionƍ  d˸inƚéƅêƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ   leƍ   éƚƢdeƍ   cogniƚiƹeƍ    ˾POLʤʤ˿ ˴  ̖

1ʨ  L̑hémoglobine  est  une  protéine  ayant  pour  fonction  de  transporter  l̑oxygène  des  poumons  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
vers   le   reste   de   l̑organisme˴  ̖

1ʩ  C̑est̆à̆dire   les   décharges   neuronales   et   les   potentiels   de   champ   local˴  ̖

ʦʦ  ̖



 ̖

 ̖
FigƢƅe  ʦ  ˮ  Organigramme  de  la  relation  entre  l̑activité  neuronale  et  le  contraste  BOLD˴   Les  deux  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
éléments  clés  sont  l̐apport  en  oxygénation  dépassant  les  besoins  métaboliques  ˿en  gris  clair̀  et  le  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
changement  de  susceptibilité  de  l̐hémoglobine  en  fonction  de  son  oxygénation˳  Figure  adaptée  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽BANʤ0˾ ˳  ̖

ʤ˴ʤ˴ʦ˴ Paƅadigmeƍ  d̑IRMf  de  caƅƚogƅaƂhie  d̑acƚiƹiƚé  éƹoƄƢée  Ƃaƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ   cogniƚiƹeƍ  ̖

Une  caƅacƚéƅiƍƚiƄƢe  imƂoƅƚanƚe  dƢ  ƍignal  BOLD  eƍƚ  ƄƢe  la  ƅelaƚion  ƄƢ̑il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅeƚienƚ  aƹec  la  ƅéƂonƍe  neƢƅonale  déclenchée  Ƃaƅ  Ƣn  éƹénemenƚ  cogniƚif  eƍƚ  linéaiƅe˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Cela  ƍigniǏe  ƄƢe  le  modèle  linéaiƅe  eƍƚ  oƂƚimal  ƂoƢƅ  l̑analǀƍe  dƢ  ƍignal  BOLD  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾BOYʬʩ˿ ˴  Comme  illƢƍƚƅé  ƍƢƅ  la   FigƢƅe  ʧ ˯  la  linéaƅiƚé  de  la  ƅéƂonƍe  hémodǀnamiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅ  ƅaƂƂoƅƚ  à  la  ƅéƂonƍe  neƢƅonale  condƢiƚ  à  Ƣne  aƢgmenƚaƚion  d̑Ƣn  facƚeƢƅ   a  dƢ  ƍignal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

BOLD  ƍi  la  ƅéƂonƍe  neƢƅonale  aƢgmenƚe  d̑Ƣn  facƚeƢƅ   a ˴  La  linéaƅiƚé  imƂliƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

égalemenƚ  le  ƂƅinciƂe  d̑addiƚiƹiƚé  ˹  ƍi  deƢƿ  éƹénemenƚƍ  ƍe  ƂƅodƢiƍenƚ  à  Ƃƅoƿimiƚé  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  ƚemƂƍ  l̑Ƣn  de  l̑aƢƚƅe˯  aloƅƍ  le  ƍignal  BOLD  ƅéƍƢlƚanƚ  ƍeƅa  la  ƍomme  deƍ  ƍignaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

BOLD   indéƂendanƚƍ   de   ceƍ   deƢƿ   éƹénemenƚƍ˴  ̖

ʦʧ  ̖



 ̖

 ̖
FigƢƅe  ʧ  ˮ  Exemples  de  dépendance  linéaire  entre  la  réponse  neuronale  et  le  signal  BOLD˴   Illustration  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕
de  l̐augmentation  d̐un  facteur  a  du  signal  BOLD  ˿en  bleù  lorsque  le  signal  neuronal  est  augmenté  d̐un  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
facteur   a˳   Figure   adaptée   de    ˽POLʣʣ˾ ˳  ̖

A  la  difféƅence  de  la  ƚechniƄƢe  de  difféƅence  de  caƅƚeƍ  moǀenneƍ  obƚenƢeƍ  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  condiƚion  A  eƚ  B  en  TEP˯  l̑éƚƢde  deƍ  baƍeƍ  anaƚomŏfoncƚionnelleƍ  d̑Ƣn  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚif  en  IRMf  eƍƚ  ƅéaliƍée  ƹia  la  coƅƅélaƚion  dƢ  décoƢƅƍ  ƚemƂoƅel  dƢ  ƍignal  BOLD  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƹec  le  Ƃaƅadigme  ˮ  c̑eƍƚ  l̑analǀƍe  Ƃaƅ  ƅégƅeƍƍeƢƅ˴  Leƍ  Ƃaƅadigmeƍ  d̑IRMf  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍéƍ  Ƃaƅ  deƍ  Ƃéƅiodeƍ  ƄƢi  alƚeƅnenƚ  enƚƅe  la  ƅéaliƍaƚion  de  la  ƚâche  A  eƚ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâche  B  Ƃaƅ  le  ƍƢjeƚ˴  AǏn  d̑iƍoleƅ  leƍ  ƅégionƍ  imƂliƄƢéeƍ  danƍ  le  oƢ  leƍ  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚifƍ  cibléƍ˯  Ƣne  oƢ  deƍ  ƚâcheƍ  de  ƅéféƅence  ƍonƚ  inclƢƍeƍ  danƍ  le  Ƃƅoƚocole  aǏn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑êƚƅe  Ƃƅiƍeƍ  en  comƂƚe  danƍ  l̑analǀƍe  Ƃaƅ  ƅégƅeƍƍeƢƅ˴  La  oƢ  leƍ  ƚâcheƍ  de  ƅéféƅence  onƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  comƂoƍanƚeƍ  cogniƚiƹeƍ  ne  faiƍanƚ  Ƃaƍ  l̑objeƚ  de  l̑éƚƢde˴  Elleƍ  ƍonƚ  aloƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍidéƅéeƍ  comme  deƍ  ƅégƅeƍƍeƢƅƍ  danƍ  l̑analǀƍe  eƚ  Ƃeƅmeƚƚenƚ  d̑iƍoleƅ  leƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂliƄƢéeƍ  danƍ  le  oƢ  leƍ  ƂƅoceƍƍƢƍ  cogniƚifƍ  cibléƍ˴  La  caƅƚe  d˸acƚiƹaƚion˯  obƚenƢe  ƹia  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑analǀƍe  Ƃaƅ  ƅégƅeƍƍeƢƅƍ˯  ƂeƢƚ  ellĕmême  faiƅe  l̑objeƚ  d̑Ƣne  analǀƍe  Ƃaƅ  conƚƅaƍƚe˴  De  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  même  manièƅe  ƄƢ̑en  TEP˯  eƚ  à  l̑image  de  l̑analǀƍe  Ƃaƅ  ƅégƅeƍƍeƢƅ˯  ƍoƢƍƚƅaiƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚiƹaƚionƍ  d̑Ƣne  ƚâche  de  ƅéféƅence  à  Ƣne  ƚâche  d̑inƚéƅêƚ  Ƃeƅmeƚ  d̑iƍoleƅ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƍanƚeƍ  cogniƚiƹeƍ  cibléeƍ  Ƃaƅ  l̑analǀƍe˴  Paƅ  eƿemƂle˯  ƂoƢƅ  éƚƢdieƅ  leƍ  ƅégionƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƂƅodƢcƚion  de  la  Ƃhƅaƍe  ̀  FigƢƅe  ʨ ́ ˯  noƢƍ  aƹonƍ  ƅéaliƍé  le  conƚƅaƍƚe  ƍƢiƹanƚ  aƢ  ƍein  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  baƍe  de  donnéeƍ  BIL͇GIN   ˾MAZʤʩ˿  ˮ  ƍoƢƍƚƅaiƅe  l̑acƚiƹiƚé  céƅébƅale  loƅƍƄƢ̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢ  ƅéaliƍe  Ƣne  ƚâche  de  ƂƅodƢcƚion  d̑Ƣne  liƍƚe  de  moƚƍ  ƍƢƅ̆aƂƂƅiƍ  à  l̑acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅale  indƢiƚe  Ƃaƅ  la  ƂƅodƢcƚion  d̑Ƣne  Ƃhƅaƍe˴  Ce  conƚƅaƍƚe  Ƃeƅmeƚ  d̑élimineƅ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƍanƚeƍ  de  la  ƚâche  ƚelleƍ  ƄƢe  le  ƍƢiƹi˯  la  ƍélecƚion  eƚ  le  mainƚien  en  mémoiƅe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƍƚƅƢcƚionƍ˯  ainƍi  ƄƢe  le  ƚƅaiƚemenƚ  ƂaƅalingƢiƍƚiƄƢe  ˮ  c̑eƍƚ̆à̆diƅe  le  ƚƅaiƚemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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conƚeƿƚƢel˯  émoƚionnel  eƚ  ƂƅoƍodiƄƢe˴  Le  conƚƅaƍƚe  à  Ƣne  ƚâche  de  ƅéféƅence  Ƃeƅmeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ainƍi  de  diƍcƅimineƅ  leƍ  aiƅeƍ  dƢ  langage  Ƃaƅmi  celleƍ  imƂliƄƢéeƍ  danƍ  la  ƅéaliƍaƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƚâche   ˾BINʤʤ˿ ˴  Il  faƢƚ  noƚeƅ  ƄƢ̑Ƣne  ƚâche  de  ƅéféƅence  conƍiƍƚanƚ  à  Ǐƿeƅ  Ƣne  cƅoiƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢiƍ  cliƄƢeƅ  ƍƢƅ  Ƣn  boƢƚon  ƄƢand  cellĕci  ƍe  ƚƅanƍfoƅme  en  caƅƅé˯  a  éƚé  Ƣƚiliƍée  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégƅeƍƍeƢƅ   danƍ   l̑analǀƍe   deƍ   ƚâcheƍ   de   ƂƅodƢcƚion   de   Ƃhƅaƍe   eƚ   de   liƍƚe   de   moƚƍ˴  ̖

 ̖
FigƢƅe  ʨ  ˮ  Exemple˯  en  IRMf˯  de  l̑obtention  de  l̑activité  cérébrale  des  bases  anatomŏfonctionnelles  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
la  production  de  phrase  cheǊ  des  individus  droitiers  ̀données  et  protocole  de  la  BIL͇GIN ˾MAZʤʩ˿ ́˴   A  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
gaƢche   ˹  variation  moyenne  du  signal  BOLD  ˿̽̀  lors  de  la  tâche  de  production  de  phrase˳  Le ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
participant  voit  le  stimulus  apparaître  ˿ image  du  Petit  Nicolas̀  et  doit  mentalement  produire  une  phrase  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
commençant  par  un  sujet  et  un  complémentˮ  suivi  par  un  verbe  décrivant  l̐action  se  déroulant  et  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
finissant  par  un  complément  de  lieu˳   AƢ  ceŘƚƅe   ˮ   variation  moyenne  du  signal  BOLD  ˿̽̀  lors  de  la  tâche  ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de  production  de  liste  de  mot  sur̅appris˳  Lors  de  l̐apparition  du  stimulus  ˿ image  brouilléèˮ  le  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
participant  doit  mentalement  réciter  la  liste  des  jours  de  la  semaine˳   A  dƅŢiƚe   ˮ  variation  moyenne  du  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕
signal  BOLD  ˿̽̀  lors  du  contraste  phrase  moins  liste˳  Vue  latérale  de  l̐hémisphère  gauche  ˸  rendu  ʥD  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de  la  surface  de  la  matière  grise  du  gabarit  de  la  BIL͆GIN  dans  l̐espace  MNIˮ  réalisé  à  l̐aide  du  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
logiciel   Surf   Ice ˳  ̕1ʩ

Le  GƅoƢƂe  d˸Imageƅie  NeƢƅofoncƚionnelle  ̀GIŃ  a  miƍ  aƢ  Ƃoinƚ  Ƣne  ƚâche  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖18

ƅéféƅence  non  ƍƂéciǏƄƢe  à  la  modaliƚé  de  la  ƚâche  danƍ  le  cadƅe  de  l̑éƚƢde  dƢ  langage  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾MAZʬʦ˿ ˯  deƍ  ƍaccadeƍ  ƹiƍƢelleƍ   ˾PETʬʩ˿ ˯  de  l̑aƚƚenƚion  aƢdiƚiƹe   ˾TZOʬʪ˿  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑imageƅie  menƚale   ˾MELʬʫ˿ ˴  Ceƚƚe  ƚâche  de  ƅéféƅence˯  aƂƂelée  ̎ éƚaƚ  de  ƅeƂoƍ̏˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍiƍƚe  à  caƅƚogƅaƂhieƅ  Ƣn  ƹolonƚaiƅe  aƢƄƢel  la  conƍigne  ƍƢiƹanƚe  a  éƚé  donnée  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

1ʪ  Surf   Ice   ˮ    httpsˮ˺˺www˴nitrc˴org˺projects˺surǏce˺  ̖
1ʫ  Le  GIN  a  été  fondé  en  ʤʬʫʬ  au  CEA  au  sein  du  Service  hospitalier  Frédéric  Joliot  à  Orsay˯  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑initiative  du  Dr˴  Nathalie  TǊouriŏMaǊoyer˯  du  Pr˴  Bernard  MaǊoyer  et  du  Dr˴  Marc  Joliot  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
̀ httpsˮ˺˺www˴gin˴cnrs˴fr˺fr˺lĕgin˺histoire˺ ́ ˴  ̖
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̎gaƅdeǊ  leƍ  ǀeƢƿ  feƅméƍ˯  déƚendeǊ̆ƹoƢƍ˯  éƹiƚeǊ  de  boƢgeƅ˯  ƚoƢƚ  en  ƅeƍƚanƚ  éƹeillé  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

laiƍƍeǊ  alleƅ  eƚ  ƹeniƅ  ƹoƍ  Ƃenƍéeƍ  libƅemenƚ˯  ƍanƍ  enƚƅeƅ  danƍ  Ƣne  acƚiƹiƚé  ƍƚƅƢcƚƢƅée  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme  ƅéciƚeƅ  Ƣn  Ƃoême  oƢ  ƅéƹiƍeƅ  ƹoƍ  coƢƅƍ̏˴  Ceƚƚe  ƚâche  a  éƚé  miƍe  aƢ  Ƃoinƚ  caƅ  elle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚ  de  ƍeƅƹiƅ  de  ƅéféƅence  à  deƍ  ƚâcheƍ  ƚƅèƍ  difféƅenƚeƍ  ƍƢƅ  le  Ƃlan  de  la  modaliƚé  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donc   de   Ƃƅocédeƅ   enƍƢiƚe   à   deƍ   comƂaƅaiƍonƍ   oƢ   deƍ   méƚăanalǀƍeƍ˴  ̖

L̑analǀƍe  Ƃaƅ  ƅégƅeƍƍeƢƅƍ  ̀  FigƢƅe  ʩ ́   deƍ  caƅƚeƍ  BOLD  ƚƅidimenƍionnelleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖19

obƚenƢeƍ  ƚoƢƚeƍ  leƍ  ʤ  oƢ  ʥ  ƍecondeƍ  Ƃendanƚ  ƄƢe  le  ƹolonƚaiƅe  effecƚƢe  Ƣne  ƚâche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹe  Ƃeƅmeƚ  de  meƍƢƅeƅ  leƍ  ƅégionƍ  donƚ  le  décoƢƅƍ  BOLD  eƍƚ  ƍigniǏcaƚiƹemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélé  à  la  ƚâche˴  Leƍ  ƹoƿelƍ  donƚ  l̑acƚiƹiƚé  aƢgmenƚe  ƍƂéciǏƄƢemenƚ  ̀oƢ  ̎ acƚiƹaƚion̏́  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃendanƚ  la  ƚâche  cible  ƍonƚ  ainƍi  miƍ  en  éƹidence  loƅƍƄƢe  le  ƅégƅeƍƍeƢƅ  eƍƚ  conƍƚƅƢiƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅƚiƅ  de  deƢƿ  éƚaƚƍ  difféƅenƚƍ  ̀ le  ƅéƍƢlƚaƚ  eƍƚ  Ƃƅoche  d̑Ƣn  conƚƅaƍƚe  de  difféƅence  ƚel  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢ̑il   éƚaiƚ   calcƢlé   en   TEṔ˴  ̖

 ̖
FigƢƅe  ʩ  ˮ  Illustration  de  l̑analyse  par  régresseur  du  signal  BOLD˴   Le  modèle  linéaire  généralisé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕
exprime  le  signal  BOLD  observé  ˿Ỳ  sous  la  forme  d˷une  combinaison  linéaire  de  régresseurs  ˿x̀  plus  un  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
terme  d˷erreur  ˿ὲ˳  Chaque  régresseur  de  la  matrice  d̐expérience  ˿X̀  est  la  convolution  de  la  réponse  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
hémodynamique  de  référence  et  de  la  fonction  du  stimulusˮ  qui  est  de  ʣ  lorsque  le  stimulus  est  présent  et  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de  0  sinon˳  L̐amplification  relative  d̐une  condition  donnéeˮ  ou  activationˮ  est  alors  l̐espérance  des  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
coefficients   d̐activation   ˿β̀˳   ̕̕

1ʬ  Un  régresseur  est  une  fonction  qui  représente  la  façon  dont  le  signal  BOLD  varie  au  cours  du  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
temps  suivant  les  différentes  conditions  expérimentales˴  Cette  fonction  est  obtenue  par  la  convolution  des  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
périodes   de   stimulation   avec   une   réponse   hémodynamique   canonique˴  ̖
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Il  eƍƚ  à  noƚeƅ  ƄƢe  d̑aƢƚƅeƍ  aƂƂƅocheƍ  onƚ  éƚé  miƍeƍ  aƢ  Ƃoinƚ  aǏn  d̑analǀƍeƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍignal  BOLD˯  noƚammenƚ  deƍ  aƂƂƅocheƍ  ƍƚochaƍƚiƄƢeƍ  Ƃeƅmeƚƚanƚ  d̑éƚƢdieƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dǀnamiƄƢe  caƢƍale  ̀  Dynamic  Causal  Modelling  ˮ  DCM˯   ˾FRIʣʦ˿ ́   Ƃƅéƍenƚe  danƍ  leƍ  ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

décoƢƅƍ  ƚemƂoƅelƍ  dƢ  ƍignal˴  Ce  modèle  ƍe  baƍe  ƍƢƅ  l˸aƂƂƅoƿimaƚion  de  l̑acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅonale  Ƃaƅ  déƹeloƂƂemenƚ  limiƚé˯  oƢ  ƂlƢƍ  ƅécemmenƚ˯  Ƃaƅ  Ƣne  méƚhode  Ƣƚiliƍanƚ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƄƢaƚionƍ  difféƅenƚielleƍ  ƂoƢƅ  modéliƍeƅ  l̑enƍemble  de  l̑acƚiƹiƚé  neƢƅonale  condƢiƍanƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƅéƂonƍe  hémodǀnamiƄƢe  ˮ   i˳e˳  en  Ƃƅenanƚ  en  comƂƚe  leƍ  conneƿionƍ  neƢƅonaleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

afféƅenƚeƍ  eƚ  efféƅenƚeƍ  d̑Ƣne  ƅégion  céƅébƅale˯  ƚoƢƚ  comme  leƍ  difféƅenƚƍ  ƚǀƂeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍignaƢƿ  ̀ inhibiƚeƢƅƍ  oƢ  eƿciƚaƚeƢƅƍ́  deƍ  neƢƅoneƍ  ƄƢi  la  comƂoƍe   ˾FRIʤʬ˿ ˴  L̑analǀƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

DCM  eƍƚ  ƂlƢƍ  aƂƂƅoƂƅiée  ƂoƢƅ  leƍ  Ƃaƅadigmeƍ  eƿƂéƅimenƚaƢƿ  ƹiƍanƚ  à  éƚƢdieƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƂonƍe  neƢƅonale  ƅéƍƢlƚanƚe  d̑Ƣn  ƍƚimƢlƢƍ  aƢ  coƢƅƍ  de  l̑eƿƂéƅience  eƚ  ƂeƢ  Ƃeƅƚinenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƢƅ  leƍ  éƚƢdeƍ  eƿƂloƅaƚoiƅeƍ   ˾STEʤʣ˿ ˴  Une  ƚƅoiƍième  aƂƂƅoche  eƿiƍƚe  ƂoƢƅ  analǀƍeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  ǐƢcƚƢaƚionƍ  dƢ  ƍignal  BOLD  ˮ  l̑analǀƍe  deƍ  Ƃaƚƚeƅnƍ  ƂlƢƅĭƹoƿelƍ  ̀  MultiVoxel  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Pattern  Analysis  ˮ  MVPÁ˯  oƅiginellemenƚ  déƹeloƂƂée  Ƃaƅ  le  Pƅ˴  Jameƍ  Haƿbǀ  en  ʥʣʣʤ  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ  Ƣn  aƅƚicle  éƚƢdianƚ  la  ƅeƂƅéƍenƚaƚion  deƍ  ƹiƍageƍ  eƚ  deƍ  objeƚƍ  danƍ  le  coƅƚeƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚemƂoƅal  ƹenƚƅal   ˾HAXʣʤ˿ ˴  Leƍ  MVPA  diffèƅenƚ  de  l̑aƂƂƅoche  Ƣniƹaƅiée  danƍ  le  ƍenƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƩ  il  n̑eƍƚ  ƂlƢƍ  ƄƢeƍƚion  de  ƅegaƅdeƅ  ƍi  la  moǀenne  dƢ  décoƢƅƍ  ƚemƂoƅel  d̑Ƣne  ƅégion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donnée  Ƃƅéƍenƚe  Ƣne  acƚiƹiƚé  ƂlƢƍ  éleƹée  loƅƍ  d̑Ƣn  ƍƚimƢlƢƍ  ƄƢe  loƅƍ  d̑Ƣne  condiƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéféƅence˯  maiƍ  ƍi  deƢƿ  ̀oƢ  ƂlƢƍ́  condiƚionƍ  eƿƂéƅimenƚaleƍ  ƂeƢƹenƚ  êƚƅe  diƍƚingƢéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑Ƣne  de  l̑aƢƚƅe  ƍƢƅ  la  baƍe  de  leƢƅ  Ƃaƚƚeƅn  d̑acƚiƹiƚé  obƍeƅƹée  ̀  FigƢƅe  ʪ ˯   ˾TONʤʥ˿ ́ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SƢƅ  le  Ƃlan  maƚhémaƚiƄƢe˯  la  MVPA  Ƣƚiliƍe  deƍ  méƚhodeƍ  de  claƍƍiǏcaƚion  ƍƢƂeƅƹiƍée  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚel  ƄƢe  leƍ  ƍéƂaƅaƚeƢƅƍ  à  ƹaƍƚe  maƅge  ̀SVM  ˮ   ˾BOSʬʥ˿ ́   oƢ  encoƅe  l̑analǀƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍcƅiminanƚe  linéaiƅe  ̀LDA  ˮ   ˾COHʫʦ˿ ́˴  Il  eƍƚ  imƂoƅƚanƚ  de  noƚeƅ  ƄƢe  la  MVPA  ƂeƢƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚƚƅe  de  diƍƚingƢeƅ  deƍ  Ƃaƚƚeƅnƍ  d˸acƚiƹiƚé  difféƅenƚƍ  ƂoƢƅ  deƢƿ  condiƚionƍ  eƚ  ce  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

même  ƍi  le  niƹeaƢ  moǀen  d˸acƚiƹiƚé  ne  diffèƅe  Ƃaƍ  enƚƅe  leƍ  condiƚionƍ   ˾HAXʤʥ˿ ˴  Leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚechniƄƢeƍ  de  MVPA  Ƃeƅmeƚƚenƚ  égalemenƚ  de  ƅeconƍƚƅƢiƅe  le  ƍƚimƢlƢƍ  ƂeƅçƢ  Ƃaƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢjeƚ   à   Ƃaƅƚiƅ   dƢ   décodage   de   ƍon   acƚiƹiƚé   céƅébƅale   locale    ˾NASʣʬ˿ ˴  ̖

ʦʫ  ̖



 ̖

 ̖
FigƢƅe  ʪ  ˮ  Comparaison  des  données  lors  d̑une  analyse  unĭ  ou  multivariée  ̀  MultiVoxel  Pattern  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
Analysis  ˮ  MVPÁ˴  Cette  Ǐgure  illustre  les  différences  entre  la  manière  dont  les  données  obtenues  par  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
quatre  stimuli  ̀ ici˯  l˸observation  de  visages  humains  ou  canins˯  jeunes  et  vieux́  sont  utilisées  dans  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
l̑analyse  univariée  ̀A˴́  et  la  MVPA  ̀Ć˴   A˴   L̐analyse  univariée  dans  la  région  définie  a  priori  ˿ iciˮ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
jonction  temporo̅pariétalè  utilise  une  statistique  de  résumé  ˿par  exempleˮ  la  valeur  moyenne  de  la  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
régioǹ  pour  décrire  l̐amplitude  de  la  réponse  BOLD  dans  toute  la  région˳   B˴   L̐analyse  par  MVPA  dans  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕
la  région  définie  a  priori  utilise  le  pattern  de  la  réponse  neuronaleˮ  résumé  dans  un  vecteur  contenant  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
l̐ensemble  des  moyennes  d̐activations  des  voxels  composant  la  région˳  Ce  vecteur  est  par  la  suite  utilisé  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
par  la  méthode  de  classification  supervisée  afin  d̐identifier  la  signature  neuronale  de  tel  ou  tel  stimulus˳  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Figure   adaptée   de    ˽WAEʤ0˾ ˳  ̕

ʣ˳ʤ˳ L̐IRMf   de   repoƍ   oƢ   l̐éƚƢde   de   l̐acƚiƹiƚé   inƚrinƍèqƢe  ̕

ʤ˴ʥ˴ʤ˴ La  décoƢƹeƅƚe  deƍ  ƅégionƍ  dƢ  mode  Ƃaƅ  défaƢƚ  Ƃaƅ  inƹeƅƍion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅadigme   de   difféƅence  ̖

PlƢƍieƢƅƍ  éƚƢdeƍ  à  la  Ǐn  deƍ  annéeƍ  ʬʣ  meƚƚenƚ  en  éƹidence  ƄƢ̑Ƣn  enƍemble  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionƍ  Ƃƅéƍenƚe  Ƣne  acƚiƹiƚé  ƂlƢƍ  imƂoƅƚanƚe  Ƃendanƚ  Ƣne  ƚâche  de  baƍ  niƹeaƢ  ̀ƚelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢ̑Ƣne  ƚâche  de  Ǐƿaƚioń  Ƃaƅ  ƅaƂƂoƅƚ  à  la  ƚâche  éƚƢdiée˴  ShƢlman  ͇   al˴  ƂƅodƢiƍenƚ  ainƍi˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  ʤʬʬʪ˯  Ƣne  Ƃƅemièƅe  méƚăanalǀƍe  ƅegƅoƢƂanƚ  Ƣn  enƍemble  de  ʬ  eƿƂéƅimenƚaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéaliƍéeƍ  en  PET˴  Ceƍ  eƿƂéƅimenƚaƚionƍ  conƚƅaƍƚenƚ  deƍ  ƚâcheƍ  ƹiƍƢelleƍ  Ƃaƍƍiƹeƍ  à  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʦʬ  ̖



 ̖

ƚâcheƍ  ƹiƍƢelleƍ  acƚiƹeƍ˴  Ilƍ  meƚƚenƚ  en  éƹidence  Ƣn  enƍemble  de  ƅégionƍ  fƅonƚaleƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅiéƚaleƍ  médianeƍ  ainƍi  ƄƢe  deƍ  aiƅeƍ  Ƃaƅiéƚaleƍ  laƚéƅaleƍ  ƂlƢƍ  acƚiƹéeƍ  dƢƅanƚ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  Ƃaƍƍiƹeƍ  ƄƢe  dƢƅanƚ  leƍ  ƚâcheƍ  ƹiƍƢelleƍ  acƚiƹeƍ   ˾SHUʬʪ˿ ˴  La  ƄƢeƍƚion  ƍe  Ƃoƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aloƅƍ  de  ƍaƹoiƅ  ƍi  ceƍ  ƅégionƍ  déƍacƚiƹéeƍ  dƢƅanƚ  leƍ  ƚâcheƍ  acƚiƹeƍ  ƍonƚ  dƢeƍ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑imƂlicaƚion  deƍ  ƂƅoceƍƍƢƍ  cogniƚifƍ  ƅéaliƍéƍ  aƢ  coƢƅƍ  dƢ  ƅeƂoƍ  ƄƢi  ne  le  ƍeƅaienƚ  Ƃaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢƅanƚ  la  ƚâche˯  oƢ  bien  ƍi  ceƍ  déƍacƚiƹaƚionƍ  ƍonƚ  indƢiƚeƍ  loƅƍ  de  l̑eƿécƢƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâche  éƚƢdiée˴  Une  ƍeconde  ƄƢeƍƚion  fondamenƚale  eƍƚ  de  comƂƅendƅe  à  ƄƢel  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂhǀƍiologiƄƢe  coƅƅeƍƂondƅaiƚ  l̑acƚiƹiƚé  céƅébƅale  aƢ  coƢƅƍ  de  l̑éƚaƚ  de  ƅeƂoƍ  conƍcienƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cheǊ   l̑Homme˴  ̖

En  ʥʣʣʤ  eƚ  danƍ  la  lignée  de  l̑éƚƢde  de  ceƍ  ƅégionƍ  déƍacƚiƹéeƍ˯  MaǊoǀeƅ  ͇   al˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢblienƚ  eƚ  démonƚƅenƚ  à  l̑aide  d̑Ƣne  méƚăanalǀƍe  de  ʬ  ƚâcheƍ  cogniƚiƹeƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖20

̀mémoiƅe  de  ƚƅaƹail˯  langage˯  calcƢl˯  imageƅie  menƚale˯  ƅaiƍonnemenƚ  logiƄƢe  eƚ  ƚâche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

moƚƅicé  ƄƢe  l̑éƚaƚ  de  ƅeƂoƍ  conƍcienƚ  cheǊ  l̑hƢmain  eƍƚ  ƍoƢƚenƢ  Ƃaƅ  Ƣn  laƅge  ƅéƍeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅal  d̑aiƅeƍ  coƅƚicaleƍ  diƍƚƅibƢéeƍ  à  ƚƅaƹeƅƍ  le  coƅƚeƿ  héƚéƅomodal  aƍƍociaƚif  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖21

Ƃaƅiéƚal  eƚ  fƅonƚal  ƄƢi  ƍonƚ  acƚiƹéeƍ  loƅƍ  de  l̑inƹeƅƍion  dƢ  Ƃaƅadigme  de  difféƅence˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MaǊoǀeƅ  ͇   al˴  fonƚ  l̑hǀƂoƚhèƍe   ˾MAZʣʤb˿  ƄƢe  ceƚ  enƍemble  de  ƅégionƍ  ƂoƢƅƅaiƚ  ƅeǐéƚeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  ƂƅoceƍƍƢƍ  de  ƅaƂƂel  eƚ  de  mainƚien  de  Ƃenƍée  ƂlƢƅimodaleƍ  libƅeƍ  ƄƢi  caƅacƚéƅiƍenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƚaƚ  menƚal  dƢƅanƚ  l̑éƚaƚ  de  ƅeƂoƍ  ƚel  ƄƢe  la  Pƅ˴  Nancǀ  Andƅeaƍen  l̑aƹaiƚ  déǏni  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʬʬʨ˴  En  effeƚ˯  elle  aƹaiƚ  ƂƅoƂoƍé  aloƅƍ˯  ƂoƢƅ  la  Ƃƅemièƅe  foiƍ˯  ƄƢ̑il  eƿiƍƚaiƚ  Ƣn  ƅéƍeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƅégionƍ  ƍƢƂƂoƅƚ  de  l˸acƚiƹiƚé  de  la  Ƃenƍée  aléaƚoiƅe˯  inclƢanƚ  la  mémoiƅe  éƂiƍodiƄƢe  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƍƂecƚiƹe  ̀  Random  Episodic  Silent  Thinking  ƂoƢƅ  REST  ˹   ˾ANDʬʨ˿ ́  Ƃeƅmeƚƚanƚ  de  ̖ ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

faiƅe  l̑eƿƂéƅience  de  l̑idenƚiƚé  Ƃeƅƍonnelle ˯  de  la  conƍcience  eƚ  de  la  conƍcience  de  ƍoi ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖22 23

˴  ̖24

Ceƚ  enƍemble  de  ƅégionƍ  ƍeƅa  nommé˯  la  même  année˯  RéƍeaƢ  dƢ  Mode  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

DéfaƢƚ  Ƃaƅ  le  Pƅ˴  MaƅcƢƍ  Raichle  ̀  Default  Mode  Network  ˹  DMN˯ ˾RAIʣʤ˿ ˯   FigƢƅe  ʫ ́ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖

20  Après  une  présentation  de  leurs  travaux  en  ʤʬʬʬ  lors  de  la  ʨ ème  conférence  d̑OHBM  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Düsseldorf   en   Allemagne˴  ̖

21   cf˳     Partie   II   ̆     ʣ˳ʤ˳ʤ˳ʥ˳     pour   une   déǏnition   du   cortex   hétéromodal   associatif˴  ̖
22  le  fait  pour  un  individu  d̑être  distinct  des  autres  et  de  demeurer  unique  à  travers  le  temps  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾OLSʤʬ˿ ˴  ̖
23  relation  entre  un  système  cognitif  et  un  objet  de  réǐexion  en  tant  que  représentation  mentale˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Cet  objet  est  sélectionné  pour  un  traitement  ultérieur˯  verbal  ou  non˴  L̑information  consciente  est  alors  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
disponible  pour  l˸organisme  ˹  nous  pouvons  la  rappeler˯  en  parler  et  agir  dessus˴  Ces  informations  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
constituent   le   contenu   de   la   conscience    ˾DEHʤʪ˿ ˴  ̖

2ʧ  relation  autoréférentielle  dans  laquelle  le  système  cognitif  est  capable  de  surveiller  son  propre  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
fonctionnement   et   d˸obtenir   des   informations   sur   luĭmême    ˾DEHʤʪ˿ ˴  ̖

ʧʣ  ̖
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Le  DMN  eƍƚ  ainƍi  ƍƢƂƂoƅƚé  Ƃaƅ  Ƣn  laƅge  enƍemble  de  ƅégionƍ  diƍƚƅibƢéeƍ  à  ƚƅaƹeƅƍ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƚeƿ  aƍƍociaƚif  héƚéƅomodal  ˹  le  coƅƚeƿ  Ƃƅéfƅonƚal  ƹenƚƅŏ  eƚ  doƅƍŏmédian˯  le  coƅƚeƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cingƢlaiƅe  ƂoƍƚéƅieƢƅ˯  le  ƂƅécƢneƢƍ˯  le  gǀƅƢƍ  ƚemƂoƅal  moǀen  eƚ  le  coƅƚeƿ  Ƃaƅiéƚal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

laƚéƅal˯  eƚ  eƍƚ  caƅacƚéƅiƍé  Ƃaƅ  Ƣne  moindƅe  acƚiƹiƚé  loƅƍ  d̑Ƣne  ƚâche  demandanƚ  Ƣn ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

engagemenƚ   de   l̑aƚƚenƚion   comƂaƅée   à   Ƣne   ƚâche   Ƃaƍƍiƹe˴  ̖

 ̖
FigƢƅe  ʫ  ˮ  Illustration  du  réseau  du  mode  par  défaut  cheǊ  l̑humain  et  de  sa  correspondance  avec  les  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
régions  cérébrales  fonctionnelles˴   A˴   Réseaux  du  repos  détecté  par  analyse  en  composantes  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
indépendantes  à  partir  de  la  connectivité  intrinsèque  de  ʦʥʧ  sujets  de  la  BILG͆GIN ˳  Vue  latéraleˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕2ʧ

supérieure  et  médiale  de  l̐hémisphère  gauche  ˸  rendu  ʥD  de  la  surface  de  la  matière  blanche  du  gabarit  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de  la  BIL͆GIN  dans  l̐espace  MNIˮ  réalisé  à  l̐aide  du  logiciel  Surf  Ice ˳   B˴   Distribution  des  aires  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕
fonctionnelles  en  relation  aux  aires  de  Brodmann˳  En  vertˮ  les  aires  paralimbiques  ˸  en  saumonˮ  les  aires  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
associatives  hétéromodales  ˸  en  jauneˮ  les  aires  associatives  unimodales  ˸  en  bleuˮ  les  aires  primaires˳  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Figure   adaptée   de    ˽MES00˾ ˳  ̖

Gƅâce  à  Ƣne  ƍéƅie  d̑éƚƢde  ƂhǀƍiologiƄƢeƍ   in  vivo  en  TEP˯  l̑éƄƢiƂe  dƢ  Pƅ˴  MaƅcƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Raichle  caƅacƚéƅiƍe  leƍ  changemenƚƍ  méƚaboliƄƢeƍ  en  ƚeƅmeƍ  de  conƍommaƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

glƢcoƍe˯  de  débiƚ  ƍangƢin˯  de  ƹolƢme  eƚ  d̑eƿƚƅacƚion  d̑oƿǀgène  loƅƍ  de  l̑eƿécƢƚion  d̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoceƍƍƢƍ  cogniƚif  loƅƍ  de  l˸éƚaƚ  de  ƅeƂoƍ   ˾GUSʣʤ˿ ˴  Ceƚƚe  éƄƢiƂe  démonƚƅe  ainƍi  ƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʬʬ˯ʬ̾  de  l˸éneƅgie  céƅébƅale˯  ƂƅodƢiƚe  Ƃaƅ  la  ƂhoƍƂhoƅǀlaƚion  oƿǀdaƚiƹe˯  eƍƚ  dédiée  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑acƚiƹiƚé  de  ƅeƂoƍ  oƢ  acƚiƹiƚé  inƚƅinƍèƄƢe˴  PoƢƅ  aƹoiƅ  Ƣn  oƅdƅe  d̑idée  de  ce  ƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƂƅéƍenƚe  la  conƍommaƚion  d̑éneƅgie  aƢ  ƅeƂoƍ˯  le  débiƚ  ƍangƢin  céƅébƅal  ƚoƚal  eƍƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

2ʨ  La   BIL͇GIN   est   décrite   dans   l̑article   de   MaǊoyer   ͇    al˴   de   ʥʣʤʩ    ˾MAZʤʩ˿ ˴  ̖

ʧʤ  ̖



 ̖

ʪʨʣ  mL˺min  ̀ƍoiƚ  ʧʨ  L˺h́˯  la  conƍommaƚion  de  glƢcoƍe  de  ʬʣ  mg˺min  ̀ƍoiƚ  ʨ˯ʧ  g˺h́  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  conƍommaƚion  d̑oƿǀgène  de  ʨʣ  ml˺min  ̀ƍoiƚ  ʦ  L˺h́˴  Paƅ  oƂƂoƍiƚion  leƍ  changemenƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

obƍeƅƹéƍ  Ƃendanƚ  Ƣne  ƚâche  cogniƚiƹe  ne  ƅeƂƅéƍenƚenƚ˯   in  fine ˯  ƄƢ̑Ƣne  ǐƢcƚƢaƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖

l̑oƅdƅe  d˸Ƣn  ƂoƢƅ  cenƚ   ˾RAIʣʩa˿ ˴  En  ƂaƅƚicƢlieƅ  en  ʥʣʣʧ˯  le  Pƅ˴  Robeƅƚ  ShƢlman  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀membƅe  de  l̑éƄƢiƂe  dƢ  Pƅ˴  MaƅcƢƍ  Raichlé  ƂƢblie  Ƣn  aƅƚicle  monƚƅanƚ  ƄƢe  ʫʣ̾  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éneƅgie   céƅébƅale   conƍommée   aƢ   ƅeƂoƍ   eƍƚ   dédiée   à   l̑acƚiƹiƚé   ƍǀnaƂƚiƄƢe    ˾SHUʣʧ˿ ˴   ̖̖

La  caƅacƚéƅiƍaƚion  dƢ  DMN  ƍ̑eƍƚ  ƂoƢƅƍƢiƹie  aƹec  la  miƍe  en  éƹidence  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conneƿionƍ  anaƚomiƄƢeƍ  diƅecƚeƍ  enƚƅe  leƍ  ƅégionƍ  ƄƢi  le  conƍƚiƚƢenƚ  ̀  ˾BINʣʬ˿  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖26

˾ALVʤʬ˿ ́˯  la  deƍcƅiƂƚion  de  ƍa  comƂoƍiƚion  mǀélŏ  eƚ  cǀƚŏaƅchiƚecƚoniƄƢe  ƄƢi  n̑eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖27

Ƃaƍ  homogène   ˾BUCʣʫ˿  eƚ  la  miƍe  éƹidence  de  l̑imƂlicaƚion  de  ciƅcƢiƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhalamŏcoƅƚicaƢƿ   danƍ   le   conƚƅôle   de   ƍon   acƚiƹiƚé    ˾PINʣʧ˿ ˴  ̖

Le  DMN  eƍƚ  Ƃƅéƍenƚ  cheǊ  leƍ  noƢƹeaƢ̆néƍ   ˾FRAʣʪ˿ ˯  eƚ  il  éƹolƢe  aƢ  coƢƅƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑enfance   ˾FAIʣʫ˿  eƚ  de  l̑aƂƂƅenƚiƍƍage   ˾POWʤʣ˿ ˴  C̑eƍƚ  égalemenƚ  Ƣn  ƅéƍeaƢ  ƄƢe  l̑on  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

a  miƍ  en  éƹidence  cheǊ  deƍ  eƍƂèceƍ  ƚƅèƍ  éloignéeƍ  ƂhǀlogénéƚiƄƢemenƚ  de  l̑Homme˴  Il  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  effeƚ  éƚé  monƚƅé  ƄƢ̑il  eƿiƍƚe  Ƃaƅ  eƿemƂle  cheǊ  le  macaƄƢe   ˾VINʣʪ˿ ˯  le  chaƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾POPʣʬ˿ ˯  le  ƅaƚ   ˾LUʤʥ˿ ˯  le  ƹeƅ   caenorhabditis  elegans   ˾SCHʤʦ˿ ˯  la  ƍoƢƅiƍ   ˾STAʤʧ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖28

oƢ  encoƅe  le  oƢiƍƚiƚi   ˾BUCʤʬa˿ ˴  L̑acƚiƹiƚé  inƚƅinƍèƄƢe  dƢ  ceƅƹeaƢ  eƍƚ  donc  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍƚiƄƢe   fondamenƚale   dƢ   foncƚionnemenƚ   céƅébƅal˴  ̖

ʤ˴ʥ˴ʥ˴ Connecƚiƹiƚé   inƚƅinƍèƄƢe   eƚ   ƅéƍeaƢƿ   céƅébƅaƢƿ  ̖

ʤ˴ʥ˴ʥ˴ʤ˴ La  cŢŘŘecƚĸƹĸƚé  fŢŘcƚĸŢŘŘeōōe  ĸŘƚƅĸŘƍèƄƢe  cŢŖŖe  ŖaƅƄƢeƢƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ   céƅébƅaƢƿ  ̖

Aƹanƚ  même  la  décoƢƹeƅƚe  dƢ  DMN˯  le  Pƅ˴  Bhaƅaƚ  Biƍƺal  a  monƚƅé  en  ʤʬʬʨ  ƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  ǐƢcƚƢaƚionƍ  dƢ  ƍignal  BOLD  de  baƍƍe  fƅéƄƢence  ̭̀  ʣ˴ʤ  HǊ́  deƍ  ƅégionƍ  dƢ  coƅƚeƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍoƅĭmoƚeƢƅ  Ƃƅimaiƅe  aƍƍociéeƍ  aƢƿ  moƢƹemenƚƍ  de  la  main  éƚaienƚ  foƅƚemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅéléeƍ  enƚƅe  elleƍ  eƚ  enƚƅe  leƍ  hémiƍƂhèƅeƍ  ̀  ˾BISʬʨ˿ ˯   FigƢƅe  ʬ ́   aloƅƍ  même  ƄƢe  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

2ʩ  connexions  par  tractographie   ˾ALVʤʬ˿  ˮ  le  précunéus˯  le  cortex  cingulaire  postérieur  et  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cortex  préfrontal  ventromédian  par  le  cingulum  antérieur  ˹  le  cortex  préfrontal  dorsomédian  et  le  cortex  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
pariétal  latéral  par  le  faisceau  longitudinal  supérieur  ˹  le  gyrus  temporal  moyen  et  le  cortex  pariétal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
latéral   par   le   faisceau   arqué   postérieur˴  ̖

2ʪ  La  cytoarchitectonie  désigne  la  répartition  et  la  distribution  spatiale  des  différents  types  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cellules  dans  le  cortex  cérébral˴  La  myéloarchitectonie  concerne   l˸arrangement  des  connexions  des  axones  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
qui   connectent   les   neurones   entre   eux˴  ̖

2ʫ  Le   caenorhabditis  elegans  est  un  nématode  marin  de  ʤ  mm  de  long˯  possédant  ʥʣ  ʣʣʣ  gènes˯  ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
ʬʨʬ   cellules   et   ayant   le   plus   petit   cerveau   du   monde   avec   un   total   de   ʦʣʥ   neurones   pour   ʨ   ʣʣʣ   synapses˴  ̖
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 ̖

ƂaƅƚiciƂanƚ  de  l̑éƚƢde  ne  boƢge  Ƃaƍ  leƍ  mainƍ˴  QƢelƄƢeƍ  annéeƍ  aƢƂaƅaƹanƚ˯  en  ʤʬʬʦ˯  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Pƅ˴  Kaƅl  Fƅiƍƚon  aƹaiƚ  déǏni  la  connecƚiƹiƚé  foncƚionnelle  en  TEP  comme  éƚanƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélaƚion  ƚemƂoƅelle  d̑Ƣn  indice  neƢƅoƂhǀƍiologiƄƢe  meƍƢƅé  danƍ  difféƅenƚeƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ   ˾FRIʬʦ˿ ˴  Oƅ˯  leƍ  ǐƢcƚƢaƚionƍ  dƢ  ǐƢƿ  ƍangƢin  eƚ  de  l̑oƿǀgénaƚion  Ƣƚiliƍée  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Fƅiƍƚon  ͇   al˴  comme  indice  neƢƅoƂhǀƍiologiƄƢe  ƍonƚ  analogƢeƍ  aƢƿ  ǐƢcƚƢaƚionƍ  à  baƍƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƅéƄƢence  dƢ  ƍignal  BOLD  aƢ  ƅeƂoƍ  obƚenƢ  en  IRMf  comme  miƍ  en  éƹidence  Ƃaƅ  le  Dƅ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Bhaƅaƚ  Biƍƺal   ˾BISʬʨ˿ ˴  L̑IRMf  acƄƢiƍe  aƢ  ƅeƂoƍ  Ƃeƅmeƚ  donc  de  meƍƢƅeƅ˯  gƅâce  à  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

analǀƍe  Ƃaƅ  coƅƅélaƚion  de  Peaƅƍon  dƢ  ƍignal  BOLD  enƚƅe  leƍ  difféƅenƚeƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ˯  la  connecƚiƹiƚé  foncƚionnelle  enƚƅe  deƍ  enƍembleƍ  de  ƅégionƍ˯  ƂlƢƍ  oƢ  moinƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éloignéeƍ  leƍ  Ƣneƍ  deƍ  aƢƚƅeƍ˯  aloƅƍ  ƄƢe  leƍ  ƂaƅƚiciƂanƚƍ  ne  ƍonƚ  imƂliƄƢéƍ  danƍ  aƢcƢne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâche  cogniƚiƹe  ƍƚƅƢcƚƢƅée˴  Noƚonƍ  ƄƢ̑Ƣn  enƍemble  de  ƅégionƍ  Ƃaƅƚageanƚ  deƍ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélaƚionƍ  ƚemƂoƅelleƍ  Ƃoƍiƚiƹeƍ  éleƹéeƍ  ̀ƅeƍƂecƚiƹemenƚ  négaƚiƹeƍ́  déǏniƚ  Ƣn  ƅéƍeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnellemenƚ   connecƚé   ̀ƅeƍƂ˴   anƚagoniƍƚé   aƢ   ƅeƂoƍ   ̀  FigƢƅe   ʬ ́ ˴  ̖

 ̖
FigƢƅe  ʬ  ˮ  Illustration  de  la  connectivité  intrinsèque  entre  deux  régions˴   EŘ  haƢƚ  ˮ   décours  temporels  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
moyen  des  signaux  BOLD  de  ʦʥʧ  participants  de  la  BIL͆GIN  des  aires  homotopes  sensori̅motrice  de  la  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
bouche˳   EŘ  baƍ  ˮ   Vue  latérale  gaucheˮ  vue  supérieure  et  vue  latérale  droite  de  l̐aire  sensorimotrice  de  la  ̕ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
bouche˳  Rendu  ʥD  de  la  surface  de  la  matière  blanche  du  gabarit  de  la  BIL͆GIN  dans  l̐espace  MNIˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
réalisé   à   l̐aide   du   logiciel   Surf   Ice ˳  ̖
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En  ʥʣʣʦ˯  GƅeiciƢƍ  ͇   al˴  éƚƢdienƚ  leƍ  donnéeƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  ʤʧ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢƍ  eƚ  démonƚƅenƚ  ƄƢe  leƍ  ǐƢcƚƢaƚionƍ  de  l̑acƚiƹiƚé  ƍƂonƚanée  deƍ  aiƅeƍ  céƅébƅaleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƍanƚ   le   DMN   ƍonƚ   ƚƅèƍ   foƅƚemenƚ   coƅƅéléeƍ   leƍ   Ƣneƍ   aƹec   leƍ   aƢƚƅeƍ    ˾GREʣʦ˿ ˴   ̖̖

AƢ  ƚoƚal˯  deƢƿ  méƚhodeƍ  comƂlémenƚaiƅeƍ˯  l̑inƹeƅƍion  dƢ  conƚƅaƍƚe  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅadigme  de  difféƅence  deƍ  éƚƢdeƍ  d̑acƚiƹaƚion  eƚ  la  connecƚiƹiƚé  inƚƅinƍèƄƢe˯  onƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmiƍ  l̑idenƚiǏcaƚion  d̑Ƣn  enƍemble  de  ƅégionƍ  foƅmanƚ  le  DMN˴  De  ƅécenƚeƍ  éƚƢdeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢlignenƚ  malgƅé  ƚoƢƚ  Ƣne  difféƅence  enƚƅe  le  DMN  idenƚiǏé  à  l̑aide  de  l̑inƹeƅƍion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅadigme  de  difféƅence  eƚ  celƢi  idenƚiǏé  à  l̑aide  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe˴  Bien  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  ƍe  ƍƢƂeƅƂoƍanƚ  ƍƂaƚialemenƚ  en  Ƃaƅƚie˯  Paƅkeƅ  ͇   RaǊlighi  idenƚiǏenƚ  Ƣne  difféƅence  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅe  leƍ  ƂƅoceƍƍƢƍ  neƢƅoƂhǀƍiologiƄƢeƍ  ƍoƢƍ̆jacenƚƍ  deƍ  deƢƿ  DMN˴  Leƍ  acƚiƹaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƅégionƍ  comƂoƍanƚ  le  DMN  idenƚiǏé  ƹia  l̑inƹeƅƍion  dƢ  conƚƅaƍƚe  de  Ƃaƅadigme  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍigniǏcaƚiƹemenƚ  aƍƍociéeƍ  aƹec  leƍ  Ƃeƅfoƅmanceƍ  indiƹidƢelleƍ  dƢƅanƚ  Ƣne  ƚâche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹe˯  aloƅƍ  ƄƢ̑aƢcƢne  ƅelaƚion  ƍigniǏcaƚiƹe  n̑eƍƚ  idenƚiǏée  enƚƅe  leƍ  Ƃeƅfoƅmanceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹeƍ  eƚ  leƍ  coƅƅélaƚionƍ  dƢ  ƍignal  aƢ  ƅeƂoƍ  danƍ  leƍ  ƅégionƍ  dƢ  DMN  idenƚiǏéeƍ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑aide  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe   ˾PARʤʬ˿ ˴  Leƍ  ƅéƍƢlƚaƚƍ  de  Sjøgåƅd  ͇   al˴˯  à  l̑aide  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  la  magnéƚoencéƂhalogƅaƂhie  ̀MEǴ˯  ƹonƚ  égalemenƚ  danƍ  ce  ƍenƍ  en  idenƚiǏanƚ  deƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƂƅiéƚéƍ  neƢƅoƂhǀƍiologiƄƢe  dƢ  DMN  ˮ  l̑Ƣne  eƿƚƅinƍèƄƢe˯  aƍƍociée  aƢƿ  coƅƅélaƚionƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃhaƍe  dƢ  ƍignal  MEG˯  ƄƢi  monƚƅe  Ƣn  décoƢƂlage  enƚƅe  ceƍ  ƅégionƍ  loƅƍ  d̑Ƣne  ƚâche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƅigée˯  ƍimilaiƅemenƚ  aƢ  DMN  donƚ  la  déǏniƚion  eƍƚ  obƚenƢe  Ƃaƅ  l˸inƹeƅƍion  dƢ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅaƍƚe  danƍ  le  Ƃaƅadigme  de  difféƅence˯  eƚ  l˸aƢƚƅe  inƚƅinƍèƄƢe˯  aƍƍociée  aƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélaƚionƍ  d̑amƂliƚƢde  dƢ  ƍignal  MEG˯  ƄƢi  ƍeƅaiƚ  aƍƍociée  à  l̑oƅganiƍaƚion  généƅale  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  dƢ  ceƅƹeaƢ  à  l̑éƚaƚ  de  ƅeƂoƍ   ˾SJØʥʣ˿ ˴  De  ƂlƢƍ˯  Dohmaƚo  ͇   al˴  onƚ  ƅécemmenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƂoƍé  Ƣn  cadƅe  maƚhémaƚiƄƢe  ƚhéoƅiƄƢe  conceƅnanƚ  le  ƅôle  foncƚionnel  dƢ  DMN  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑oƅganiƍaƚion  cogniƚiƹe   ˾DOHʥʣ˿   baƍé  ƍƢƅ  l̑hǀƂoƚhèƍe  ƄƢe  l̑acƚiƹiƚé  céƅébƅale  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dédiée  aƢ  déƹeloƂƂemenƚ  eƚ  à  la  mainƚenance  d̑Ƣn  modèle  Ƃƅobabiliƍƚe  de  ƍimƢlaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅne  Ƃeƅmeƚƚanƚ  de  maƿimiƍeƅ  leƍ  ƅéƍƢlƚaƚƍ  d̑Ƣne  acƚion   ˾RAIʣʨ˿ ˴  Dohmaƚo  ͇   al˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modéliƍenƚ  le  ƅôle  dƢ  DMN  à  l̑aide  d̑Ƣn  ƂƅoceƍƍƢƍ  déciƍionnel  de  Maƅkoƹ˴  Ce  modèle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhéoƅiƄƢe  ƹoiƚ  le  DMN  comme  Ƣn  agenƚ  éƚanƚ  chaƅgé  de  faiƅe  la  Ƃaƅƚ  deƍ  choƍeƍ  enƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  connaiƍƍanceƍ  Ƃƅoƹenanƚ  dƢ  milieƢ  inƚéƅieƢƅ  eƚ  leƍ  infoƅmaƚionƍ  ƂeƅceƂƚiƹeƍ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅoƹenance  dƢ  monde  eƿƚéƅieƢƅ  danƍ  le  bƢƚ  d̑oƂƚimiƍeƅ  leƍ  choiƿ  comƂoƅƚemenƚaƢƿ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑obƚeniƅ  le  meilleƢƅ  ƅéƍƢlƚaƚ  en  ƚeƅmeƍ  de  ƅécomƂenƍe  à  coƢƅƚ  oƢ  long  ƚeƅme  en  ƅelaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

à   la   Ƃƅiƍe   de   déciƍion˴  ̖
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ʤ˴ʥ˴ʥ˴ʥ˴ Mĸƍe  eŘ  éƹĸdeŘce  de  ō̑ŢƅgaŘĸƍaƚĸŢŘ  céƅébƅaōe  aƢ  ƅeƂŢƍ  eŘ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ŖƢōƚĸƂōeƍ  ̖

Leƍ  aƹancéeƍ  maƚhémaƚiƄƢeƍ˯  eƚ  en  ƂaƅƚicƢlieƅ  leƍ  analǀƍeƍ  Ƃaƅ  comƂoƍanƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indéƂendanƚeƍ  ̀  ˾HERʫʨ˿  eƚ   ˾COMʬʧ˿ ́   dƢ  ƍignal  BOLD  à  l̑éƚaƚ  de  ƅeƂoƍ  aƢ  niƹeaƢ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹoƿel ˯  onƚ  Ƃeƅmiƍ  Ƃaƅ  la  ƍƢiƚe  de  décoƢƹƅiƅ  l̑eƿiƍƚence  de  nombƅeƢƿ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖29

foncƚionnelƍ  aƢ  coƢƅƍ  de  l̑éƚaƚ  de  ƅeƂoƍ˯  donƚ  chacƢn  Ƃƅéƍenƚe  Ƣne  acƚiƹiƚé  ƍƂonƚanée  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂéciǏƄƢe  ̀  ˾BECʣʨ˿ ˯   ˾SMIʣʬ˿ ˯   ˾YEOʤʤ˿ ˯   ˾NAVʤʥ˿  eƚ   ˾GORʤʩ˿  Ƃaƅ  eƿemƂlé˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖30

DamoiƍeaƢƿ  ͇   al˴  monƚƅenƚ  en  ʥʣʣʩ˯  ƄƢe  ceƍ  ƅéƍeaƢƿ  foncƚionnelƍ  dƢ  ƅeƂoƍ  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍƚanƚƍ  ƄƢelƍ  ƄƢe  ƍoienƚ  leƍ  ƍƢjeƚƍ   ˾DAMʣʩ˿ ˴  Yeo  ͇   al˴  ƅeƂƅodƢiƍenƚ  ce  ƅéƍƢlƚaƚ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʥʣʤʦ  eƚ  ajoƢƚenƚ  ƄƢe  leƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ƍonƚ  égalemenƚ  conƍƚanƚƍ  d̑Ƣne  baƍe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donnéeƍ  à  l̑aƢƚƅe˯  eƚ  ce˯  ƄƢelle  ƄƢe  ƍoiƚ  la  méƚhode  d̑eƍƚimaƚion  deƍ  ƅéƍeaƢƿ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

c̑eƍƚ̆à̆diƅe  ƄƢ̑elle  Ƃƅoƹienne  d˸Ƣne  analǀƍe  en  comƂoƍanƚeƍ  indéƂendanƚeƍ  oƢ  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

analǀƍe  diƍcƅiminanƚe  linéaiƅe   ˾YEOʤʦ˿ ˴  Kliemann  ͇   al˴  monƚƅenƚ  égalemenƚ  en  ʥʣʤʬ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  l˸oƅganiƍaƚion  en  ƅéƍeaƢ  à  l̑éƚaƚ  de  ƅeƂoƍ  eƍƚ  Ƃƅéƍeƅƹée  danƍ  l̑hémiƍƂhèƅe  inƚacƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩ  indiƹidƢƍ  aǀanƚ  ƍƢbi  Ƣne  hémiƍƂhéƅecƚomie  infanƚile  ̀ʥ  indiƹidƢƍ  aǀanƚ  l̑hémiƍƂhèƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖31

gaƢche  ƅéƍéƄƢé˯  ʧ  l̑hémiƍƂhèƅe  dƅoiƚ́˯  aƹec  ceƂendanƚ  Ƣne  coƅƅélaƚion  enƚƅe  leƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  inƚenƍiƚé  ƍƢƂéƅieƢƅe  à  celle  d̑Ƣn  gƅoƢƂe  conƚƅôle   ˾KLIʤʬ˿ ˴  CeƂendanƚ˯  il  faƢƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

noƚeƅ  ƄƢe  l̑abƍence  de  méƚhode  faiƍanƚ  conƍenƍƢƍ  ƂoƢƅ  déǏniƅ  leƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

condƢiƚ  à  l̑idenƚiǏcaƚion  de  ƅéƍeaƢƿ  difféƅenƚƍ  en  nombƅe  eƚ  en  aƅƅangemenƚ  ƍƂaƚial  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme   on   ƂeƢƚ   le   conƍƚaƚeƅ   danƍ   la   liƚƚéƅaƚƢƅe   ̀  ˾FRAʤʦ˿    eƚ    ˾DOUʤʬ˿ ˯    FigƢƅe   ʤʣ ́˴   

29   Première  application  de  l̑analyse  par  composantes  indépendantes  à  des  données  d̑IRMf  dans  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾MCKʬʫ˿ ˴  McKeown  ͇   al˴  démontrent  que  cette  méthode  permet  à  la  fois  ˹  de  détecter  les  décours  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
temporels  et  les  régions  activées  par  la  tâche˯  et  les  autres  composantes  du  signal  liées  aux  mouvements  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
et   aux   autres   artefacts˴  ̖

30  Première   étude   sur   des   données   d̑IRMf   de   repos˴  ̖
31  Procédure   chirurgicale   visant   à   enlever   tout   ou   partie   d̑un   des   deux   hémisphères   cérébraux˴  ̖
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FigƢƅe  ʤʣ  ˮ   Exemple  de  ʧ  ensembles  de  réseaux  intrinsèques  fonctionnels˴  Chaque  couleur  représente  un  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
réseau˴   A˴  Dix   réseaux  fonctionnels  de  l̐état  de  repos  de   ˽SMI0ʫ˾ ˳  Réseaux  définis  à  partir  de  ʥʨ  ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
individus  ˿de  ʤ0  à  ʥʧ  ans̀  par  analyse  en  composantes  indépendantes˳   B˴  Sept   réseaux  fonctionnels  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̕ ̕ ̕
l̐état  de  repos  de   ˽YEOʣʣ˾ ˳  Réseaux  définis  à  partir  de  ʣ000  individus  ˿de  ʣʪ  à  ʥʧ  ans̀  par  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
classification  des  profils  de  connectivité  intrinsèque  des  voxels   ˽LASʣ0˾ ˳   C˴   DouǊe   réseaux  fonctionnels  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕
de  l̐état  de  repos  de   ˽GORʣʨ˾ ˳  Réseaux  définis  à  partir  de  ʣ0ʪ  individus  ˿de  ʣʪ  à  ʥʥ  ans̀  par  détections  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
des  frontières  dans  le  gradient  de  connectivité  intrinsèque   ˽COH0ʪ˾ ˳   D˴  Vingt̅huit  réseaux  fonctionnels  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕
˽NAVʣʤ˾ ˳  Réseaux  définis  à  partir  de  ʤʪʤ  individus  ˿de  ʣʪ  à  ʧʩ  ans̀  par  analyse  en  composantes  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
indépendantes   individuelle˳   Figures   A˳ˮ   B˳   et   C˳   adaptées   de    ˽DOUʣʫ˾ ˳  ̕

En  ʥʣʣʨ˯  Foƿ  ͇   al˴  démonƚƅenƚ  ƄƢe  le  ƅéƍeaƢ  eƿƚƅinƍèƄƢe˯  dédié  à  l̑aƚƚenƚion  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢƿ  ƍƚimƢli  eƿƚeƅneƍ˯  eƚ  le  ƅéƍeaƢ  inƚƅinƍèƄƢe˯  dédié  aƢƿ  ƍƚimƢli  inƚeƅneƍ  c̑eƍƚ̆à̆diƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢƿ  Ƃenƍéeƍ  eƚ  à  la  maniƂƢlaƚion  de  l̑infoƅmaƚion˯  ƍonƚ  ƍégƅégéƍ  l̑Ƣn  Ƃaƅ  ƅaƂƂoƅƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑aƢƚƅe   ˾FOXʣʨ˿ ˴  Ceƚƚe  ƍégƅégaƚion  ƍe  ƚƅadƢiƚ  aƢ  ƅeƂoƍ  Ƃaƅ  Ƣne  coƅƅélaƚion  négaƚiƹe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅe  leƍ  deƢƿ  ƅéƍeaƢƿ˯  ƅeǐéƚanƚ  l̑oƅganiƍaƚion  dǀnamiƄƢe˯  conƚinƢe  eƚ  foncƚionnelle  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅƹeaƢ˴  Ceƍ  ƅéƍƢlƚaƚƍ  ƍƢggèƅenƚ  Ƣne  inƚeƅacƚion  dǀnamiƄƢe  aƢ  ƍein  eƚ  enƚƅe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍǀƍƚèmeƍ  céƅébƅaƢƿ  à  laƅge  échelle  ƅeƂƅéƍenƚanƚ  difféƅenƚeƍ  comƂoƍanƚeƍ  de  noƚƅe  ƹie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

menƚale˴  Ilƍ  oƢƹƅenƚ  égalemenƚ  la  ƹoie  à  Ƣne  éƚƢde  dƢ  foncƚionnemenƚ  céƅébƅal  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚanƚ  Ƣn  ƍǀƍƚème  Ƃoƍƍédanƚ  Ƣne  oƅganiƍaƚion  inƚƅinƍèƄƢe  modƢlée  Ƃaƅ  leƍ  infoƅmaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍoƅielleƍ   de   l˸enƹiƅonnemenƚ   eƿƚeƅne ˴   32

 ̖

A  Ƃaƅƚiƅ  d̑Ƣne  noƢƹelle  méƚhode  d̑analǀƍe  en  comƂoƍanƚeƍ  indéƂendanƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅenanƚ  en  comƂƚe  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  de  ʤʫʣ  indiƹidƢƍ  eƚ  ƅéƍƢlƚanƚ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

32  Ce  principe  de  modulation  a  précédemment  été  suggéré  par   ˾ARIʬʩ˿ ˯   ˾KENʣʦ˿  et   ˾FISʣʧa˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
qui  démontrent  que  l̑activité  neuronale  spontanée  du  cortex  visuel  prédit  et  conditionne  l̑activité  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
évoquée  lors  d̑une  tâche  visuelle  cheǊ  le  chat  ̀pour  les  ʥ  premières  étudeś  et  le  furet  ̀pour  la  dernièré˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Dans  ces  études˯  l̑enregistrement  de  l˸activité  électrique  au  niveau  du  neurone  a  été  réalisé  par  électrode  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
et   imagerie   optique˴  ̖

ʧʩ  ̖



 ̖

l̑idenƚiǏcaƚion  de  ʥʫ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ̀  FigƢƅe  ʤʣ  ̆   D˯   ˾NAVʤʥ˿ ́˯  DoƢceƚ  ͇   al˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖33

ƂƅoƂoƍenƚ  Ƣn  modèle  d̑oƅganiƍaƚion  hiéƅaƅchiƄƢe  deƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ainƍi  idenƚiǏéƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾DOUʤʤ˿ ˴  LeƢƅ  modèle  ƅeƂoƍe  ƍƢƅ  l˸idenƚiǏcaƚion˯  à  l̑aide  d̑Ƣn  algoƅiƚhme  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe˯  de  ʥ  ƍǀƍƚèmeƍ  céƅébƅaƢƿ˴  S̑aƂƂƢǀanƚ  ƍƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

liƚƚéƅaƚƢƅe  en  neƢƅoimageƅie  cogniƚiƹe˯  ilƍ  idenƚiǏenƚ  le  Ƃƅemieƅ  ƍǀƍƚème  comme  éƚanƚ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  céƅébƅal  ƍƢƂƂoƅƚanƚ  l̑acƚiƹiƚé  inƚƅinƍèƄƢe˴  Ce  Ƃƅemieƅ  ƍǀƍƚème  eƍƚ  comƂoƍé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅoiƍ  modƢleƍ  ˮ  le  DMN˯  Ƣn  modƢle  de  maniƂƢlaƚion  eƚ  de  mainƚenance  de  l̑infoƅmaƚion˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  Ƣn  deƅnieƅ  modƢle  de  conƚƅôle  enƚƅe  le  milieƢ  eƿƚeƅne  eƚ  inƚeƅne˴  Le  ƍecond  ƍǀƍƚème  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅeƍƂond  aƢ  ƅéƍeaƢ  céƅébƅal  de  l̑acƚiƹiƚé  eƿƚƅinƍèƄƢe˴  Ce  deƅnieƅ  eƍƚ  comƂoƍé  de  deƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modƢleƍ  ˮ  l̑Ƣn  coƅƅeƍƂond  aƢ  ƅéƍeaƢ  aƚƚenƚionnel˯  ƍenƍoƅĭmoƚeƢƅ  eƚ  aƢdiƚif˯  l̑aƢƚƅe  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  ƹiƍƢel˴  DoƢceƚ  ͇   al˴  monƚƅenƚ  Ƣne  foƅƚe  inƚégƅaƚion  de  l̑infoƅmaƚion  aƢ  ƍein  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

chacƢn  deƍ  deƢƿ  ƍǀƍƚèmeƍ˯  ƍe  ƚƅadƢiƍanƚ  Ƃaƅ  deƍ  coƅƅélaƚionƍ  Ƃoƍiƚiƹeƍ  enƚƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modƢleƍ  ƄƢi  leƍ  comƂoƍenƚ  ƅeƍƂecƚiƹemenƚ˴  Malgƅé  la  ƚƅèƍ  foƅƚe  ƍégƅégaƚion  enƚƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƢƿ  ƍǀƍƚèmeƍ˯  ƚel  ƄƢe   ˾FOXʣʨ˿  l̑a  monƚƅé˯  DoƢceƚ  ͇   al˴  meƚƚenƚ  en  éƹidence  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑eƿiƍƚence  d̑Ƣn  cinƄƢième  modƢle  de  conƚƅôle  Ƃoƍiƚiƹemenƚ  coƅƅélé  enƚƅe  leƍ  ƍǀƍƚèmeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢe  eƚ  eƿƚƅinƍèƄƢe˯  eƚ  ƄƢi  joƢeƅaiƚ  le  ƅôle  de  médiaƚeƢƅ  dƢ  ƚƅanƍfeƅƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑infoƅmaƚion   enƚƅe   leƍ   inƚenƚionƍ   eƿƚeƅneƍ   eƚ   inƚeƅneƍ   dƢ   ƍƢjeƚ˴  ̖

ʤ˴ʥ˴ʥ˴ʦ˴ Eƚaƚ   de   ƅeƂŢƍ   eƚ   ŢƅgaŘĸƍaƚĸŢŘ   céƅébƅaōe  ̖

La  deƍcƅiƂƚion  de  l̑oƅganiƍaƚion  céƅébƅale  ƍƢiƹanƚ  le  ǐƢƿ  de  l̑inƚégƅaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍoƅielle˯  ƚel  ƄƢe  ƂƅoƂoƍée  Ƃaƅ  le  Pƅ˴  Maƅƍel  MeƍƢlam˯  eƍƚ  Ƣn  modèle  d̑oƅganiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƂogƅaƂhiƄƢe  dƢ  coƅƚeƿ  céƅébƅal  à  l˸échelle  macƅoƍcoƂiƄƢe   ˾MESʬʫ˿ ˴  Ce  modèle  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne   ƅéféƅence   en   neƢƅoimageƅie   cogniƚiƹe˴   ̖̖

Danƍ  ce  modèle  ̎ de  la  ƂeƅceƂƚion  ƹeƅƍ  l̑acƚion̏˯  l˸infoƅmaƚion  eƍƚ  ƚoƢƚ  d̑aboƅd  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂeƅçƢe  à  Ƃaƅƚiƅ  de  l˸enƹiƅonnemenƚ  eƿƚéƅieƢƅ  Ƃaƅ  leƍ  ƅéceƂƚeƢƅƍ  ƂéƅiƂhéƅiƄƢeƍ  ̀ƹƢe˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƢcheƅ˯  aƢdiƚion˰́˯  ƂƢiƍ  leƍ  neƅfƍ  ƍenƍoƅielƍ  condƢiƍenƚ  l̑infoƅmaƚion  ƹeƅƍ  leƍ  aiƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍoƅielleƍ  dƢ  coƅƚeƿ  Ƃƅimaiƅe  ̀  FigƢƅe  ʤʤ  ̆   A˴ ́ ˴  Leƍ  ƅégionƍ  dƢ  coƅƚeƿ  aƍƍociaƚif  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣnimodal  eƚ  héƚéƅomodal  ̀  FigƢƅe  ʤʤ  ̆   A˴ ́   ƍeƅƹenƚ  aloƅƍ  de  médiaƚƅiceƍ  enƚƅe  le  milieƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƿƚeƅne  eƚ  inƚeƅne˯  aǏn  ƄƢe  leƍ  ƅéƂonƍeƍ  de  ce  deƅnieƅ  ƍoienƚ  en  accoƅd  aƹec  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅainƚeƍ  eƚ  Ƃoƍƍibiliƚéƍ  dƢ  monde  eƿƚéƅieƢƅ˴  Le  coƅƚeƿ  aƍƍociaƚif  Ƣnimodal  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

33  L̑algorithme  proposé  dans   ˾NAVʤʥ˿ ˯  nommé  MICCA  ̀  Multi̅scale  Independent  Component  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕
Clustering  Algorithm ́ ˯  réalise˯  pour  chaque  sujet˯  une  ICA  sur  les  données  d̑IRMf  à  l̑état  de  repos˯  puis  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
regroupe˯   à   travers   les   sujets˯   les   composantes   spatialement   similaires˴   ̖̖

ʧʪ  ̖



 ̖

ƍƢbdiƹiƍé  en  Ƣne  ƹoie  aƍcendanƚe  eƚ  Ƣne  ƹoie  deƍcendanƚe˴  Leƍ  aiƅeƍ  de  la  ƹoie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍcendanƚe  ƍonƚ  ƍéƂaƅéeƍ  de  leƢƅ  aiƅe  Ƃƅimaiƅe  coƅƅeƍƂondanƚe  Ƃaƅ  ƍeƢlemenƚ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍǀnaƂƍe˴  Celleƍ  de  la  ƹoie  deƍcendanƚe  ƍonƚ  ƍéƂaƅéeƍ  Ƃaƅ  deƢƿ  ƍǀnaƂƍeƍ  oƢ  ƂlƢƍ  de  leƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aiƅe  Ƃƅimaiƅe  aƂƂaƅenƚée˴  Le  coƅƚeƿ  aƍƍociaƚif  Ƣnimodal  eƍƚ  caƅacƚéƅiƍé  Ƃaƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoneƍ  ƅéƂondanƚ  Ƃƅéféƅenƚiellemenƚ  ̀eƚ  ƂƅeƍƄƢe  ƢniƄƢemenƚ́  à  deƍ  ƍƚimƢli  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍeƢle  modaliƚé  ƍenƍoƅielle˯  eƚ  deƍ  infoƅmaƚionƍ  ƍenƍoƅielleƍ  Ƃƅoƹenanƚ  ƂƅinciƂalemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  aiƅeƍ  ƍenƍoƅielleƍ  dƢ  coƅƚeƿ  ƍenƍoƅiel  Ƃƅimaiƅe  eƚ  deƍ  aƢƚƅeƍ  ƅégionƍ  aƍƍociaƚiƹeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣnimodaleƍ  de  la  même  modaliƚé   ˾MESʣʣ˿ ˴  Leƍ  léƍionƍ  deƍ  aiƅeƍ  Ƣnimodaleƍ  condƢiƍenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅinciƂalemenƚ  à  deƍ  déǏciƚƍ  danƍ  l˸eƿécƢƚion  de  ƚâche  imƂliƄƢanƚ  la  modaliƚé  de  l̑aiƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

léƍée˴  Le  coƅƚeƿ  aƍƍociaƚif  héƚéƅomodal  eƍƚ  caƅacƚéƅiƍé  Ƃaƅ  Ƣne  ƅéƂonƍe  neƢƅonale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƂondanƚ  à  ƚoƢƚ  ƚǀƂe  de  modaliƚé  ƍenƍoƅielle˴  Leƍ  infoƅmaƚionƍ  ƄƢ̑il  ƅeçoiƚ  Ƃƅoƹiennenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƍenƚiellemenƚ  deƍ  aiƅeƍ  aƍƍociaƚiƹeƍ  Ƣnimodaleƍ  eƚ  deƍ  aiƅeƍ  héƚéƅomodaleƍ˯  eƚ  ƍa  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

léƍion  ƅéƍƢlƚe  en  deƍ  Ƃaƚhologieƍ  mƢlƚimodaleƍ  ne  ƍe  limiƚanƚ  Ƃaƍ  à  deƍ  ƚâcheƍ  ƍoƢƍ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂeƅƹiƍion  d̑Ƣne  ƍeƢle  modaliƚé   ˾MESʣʣ˿ ˴  Le  coƅƚeƿ  aƍƍociaƚif  eƍƚ  le  deƅnieƅ  à  ƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déƹeloƂƂeƅ  cheǊ  l̑êƚƅe  hƢmain   ˾HILʤʣ˿  eƚ  le  deƅnieƅ  à  êƚƅe  aƂƂaƅƢ  en  ƚeƅmeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑éƹolƢƚion    ˾BUCʤʦa˿ ˴  ̖

La  diffƢƍion  de  l̑infoƅmaƚion  à  ƚƅaƹeƅƍ  leƍ  ƅégionƍ  dƢ  coƅƚeƿ  aƍƍociaƚif  Ƣnimodal˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

héƚéƅomodal  ƂƢiƍ  ƂaƅalimbiƄƢe  Ƃeƅmeƚ  l̑aƍƍociaƚion˯  aƢƿ  infoƅmaƚionƍ  ƍenƍoƅielleƍ˯  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƅaƚégieƍ  de  ƅéƂonƍeƍ  moƚƅiceƍ  adéƄƢaƚeƍ  à  Ƃaƅƚiƅ  de  l̑inƚégƅaƚion  de  l̑eƿƂéƅience  aƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

émoƚionƍ  eƚ  à  la  moƚiƹaƚion  foƢƅnieƍ  Ƃaƅ  le  coƅƚeƿ  ƂaƅalimbiƄƢe˴  Une  foiƍ  la  ƅéƂonƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƅƚemenƚale  aƂƂƅoƂƅiée  ƍélecƚionnée  Ƃaƅ  le  milieƢ  inƚeƅne˯  l̑infoƅmaƚion  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅenƹoǀée  aƢƿ  aiƅeƍ  moƚƅiceƍ  dƢ  coƅƚeƿ  Ƃƅimaiƅe  aǏn  d̑agiƅ  eƚ  de  ƍe  moƢƹoiƅ  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑enƹiƅonnemenƚ˴  ̖̖

Le  modèle  global  hiéƅaƅchiƄƢe  d̑inƚégƅaƚion  de  l̑infoƅmaƚion  ƍenƍoƅielle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍ̑aƂƂliƄƢe  égalemenƚ  aƢ  ƅéƍeaƢ  dƢ  langage˴  Le  Pƅ˴  Maƅƍel  MeƍƢlam  ƍƢggèƅe  en  effeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ   ˾MESʬʫ˿  ƄƢe  l̑enƍemble  deƍ  ƂƅoceƍƍƢƍ  cogniƚifƍ  ƅéƍƢlƚenƚ  de  l̑inƚégƅaƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑infoƅmaƚion  ƍenƍoƅielle  ˹  leƍ  ƂƅoƂƅiéƚéeƍ  anaƚomiƄƢeƍ  eƚ  ƂhǀƍiologiƄƢeƍ  deƍ  aiƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

héƚéƅomodaleƍ  ƚƅaƹeƅƍéeƍ  Ƃaƅ  l̑infoƅmaƚion  déƚeƅminanƚ  la  foncƚion  cogniƚiƹe  oƂéƅée˴  Il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déǏniƚ  ainƍi  ceƍ  ƅégionƍ  comme  deƍ  éƂicenƚƅeƍ  ƂoƢƅ  Ƣn  ƅéƍeaƢ  cogniƚif  à  laƅge  échelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donné   ˾MESʬʣ˿ ˴  Leƍ  éƂicenƚƅeƍ  monƚƅenƚ  Ƣne  ƍƂécialiƍaƚion  ƅelaƚiƹe  ƂoƢƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƍanƚe  comƂoƅƚemenƚale  ƍƂéciǏƄƢe  à  la  ƂƅinciƂale  foncƚion  cogniƚiƹe  ƄƢ̑il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂƂoƅƚe˴  Leƍ  aiƅeƍ  de  Bƅoca  eƚ  Weƅnicke  ƍonƚ  ainƍi  déǏnieƍ  Ƃaƅ  M˴  MeƍƢlam  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʧʫ  ̖



 ̖

deƍ  éƂicenƚƅeƍ  ƂoƢƅ  le  ƅéƍeaƢ  dƢ  langage˴  Bƅoca  eƚ  Weƅnicke  ƍonƚ  en  effeƚ  leƍ  aiƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

héƚéƅomodaleƍ  liéeƍ  à  la  cooƅdinaƚion  de  l̑inƚégƅaƚion  enƚƅe  la  foƅme  ƍenƍoƅielle  dƢ  moƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ   ƍeƍ   ƍigniǏcaƚionƍ   ƍémanƚiƄƢe   eƚ   émoƚionnelle   aƅbiƚƅaiƅeƍ    ˾MESʬʣ˿ ˴  ̖

 ̖

Ce  modèle  d̑oƅganiƍaƚion  céƅébƅale  à  laƅge  échelle  ̃   ƄƢi  coƅƅeƍƂond  à  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

échelle  ƍƂaƚiale  macƅoƍcoƂiƄƢe  ̀≃  ʩ  mm 3 ́   comƂaƚible  aƹec  l̑échelle  de  la  neƢƅoimageƅie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

a  éƚé  ƅeƂƅiƍ  Ƃaƅ  le  Dƅ˴  Daniel  MaƅgƢlieƍ  ƂoƢƅ  ƂƅoƂoƍeƅ  Ƣne  noƢƹelle  modéliƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƚhémaƚiƄƢe   de   l̑oƅganiƍaƚion   céƅébƅale   à   l̑éƚaƚ   de   ƅeƂoƍ   ̀  FigƢƅe   ʤʤ   ̆    B ́ ˴  ̖

Leƍ  ƚƅaƹaƢƿ  dƢ  Dƅ˴  Daniel  MaƅgƢlieƍ  ƍonƚ  Ƣn  aƢƚƅe  eƿemƂle  de  la  fƅƢcƚƢeƢƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅacƚion  enƚƅe  maƚhémaƚiƄƢeƍ  aƂƂliƄƢéeƍ  eƚ  neƢƅoƍcienceƍ  cogniƚiƹeƍ˴  Il  démonƚƅe  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

effeƚ  ƄƢ̑en  Ƣƚiliƍanƚ  Ƣne  ƚechniƄƢe  de  ƅédƢcƚion  de  dimenƍion  non  linéaiƅe   ˾COIʣʨ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

baƍée  ƍƢƅ  la  maƚƅice  de  ƍimilaƅiƚé  coƍinƢƍ  de  la  maƚƅice  de  connecƚiƹiƚé  inƚƅinƍèƄƢe˯  il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƚƅoƢƹe  le  modèle  d̑inƚégƅaƚion  ƍenƍoƅielle  ƂƅoƂoƍé  Ƃaƅ  le  Pƅ˴  Maƅƍel  MeƍƢlam  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾MESʬʫ˿ ˴  Ceƚƚe  ƚechniƄƢe  Ƃeƅmeƚ  d̑eƿƚƅaiƅe  deƢƿ  comƂoƍanƚeƍ  ƂƅinciƂaleƍ  ̀ƄƢ̑il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂelle  gƅadienƚƍ́  ƄƢi  conƍeƅƹenƚ  l̑oƅganiƍaƚion  ƚoƂogƅaƂhiƄƢe  dƢ  coƅƚeƿ˴  En  effeƚ˯  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Dƅ˴  Daniel  MaƅgƢlieƍ  monƚƅe  ƄƢ̑Ƣne  gƅande  Ƃaƅƚie  de  la  ƹaƅiance  deƍ  ǐƢcƚƢaƚionƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍignal  BOLD  à  l̑éƚaƚ  de  ƅeƂoƍ  eƍƚ  caƂƚƢƅée  Ƃaƅ  ceƍ  gƅadienƚƍ˯  ƄƢi  ƍ̑éƚendenƚ  dƢ  coƅƚeƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅimaiƅe  ƍenƍoƅĭmoƚeƢƅ  aƢ  coƅƚeƿ  aƍƍociaƚif  héƚéƅomodal  ̀  ˾MARʤʩ˿ ˯   FigƢƅe  ʤʤ  ̆   B˴ ́ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚel  ƄƢe  ƂƅoƂoƍé  Ƃaƅ  le  modèle  de  MeƍƢlam˴  AƢ  ƹƢ  de  ceƚƚe  modaliƍaƚion  en  gƅadienƚƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l˸inƚégƅaƚion  hiéƅaƅchiƄƢe  de  l̑infoƅmaƚion  eƍƚ  conƍeƅƹée  danƍ  le  foncƚionnemenƚ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅƹeaƢ   à   l̑éƚaƚ   de   ƅeƂoƍ    ˾HUNʤʫ˿ ˴   ̖̖

 ̖

Un  aƢƚƅe  Ƃoinƚ  à  ƍoƢligneƅ  de  l̑oƅganiƍaƚion  céƅébƅale  à  l̑éƚaƚ  de  ƅeƂoƍ  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l˸eƿiƍƚence  de  difféƅenceƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe˯  en  ƚeƅmeƍ  de  foƅce  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélaƚionƍ˯  enƚƅe  leƍ  difféƅenƚeƍ  ƅégionƍ  céƅébƅaleƍ˴  Leƍ  coƅƅélaƚionƍ  enƚƅe  leƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

homoƚoƂeƍ  ƍonƚ  ƂlƢƍ  éleƹéeƍ  comƂaƅéeƍ  aƢƿ  aƢƚƅeƍ  ƅelaƚionƍ  inƚeƅ̆  oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖34

inƚƅăhémiƍƂhéƅiƄƢeƍ   ˾STAʣʫ˿ ˴  PlƢƍ  Ƃƅéciƍémenƚ˯  Ƃaƅmi  leƍ  coƅƅélaƚionƍ  homoƚoƂeƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

celleƍ  deƍ  ƅégionƍ  dƢ  coƅƚeƿ  Ƃƅimaiƅe  ƍonƚ  leƍ  ƂlƢƍ  éleƹéeƍ  ̀  FigƢƅe  ʤʤ  ̆   C˴ ́ ˴  Ceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

3ʧ  Une  paire  de  région  homotope  correspond  à  deux  régions  symétriques  l̑une  de  l̑autre  par  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
scissure   inter̆hémisphérique   ˹    i˳e˳    une   région   dans   chaque   hémisphère   cérébral˴  ̖

ʧʬ  ̖



 ̖

coƅƅélaƚionƍ  inƚeƅ̆hémiƍƂhéƅiƄƢeƍ  ƍonƚ  le  ƍƢƂƂoƅƚ  de  la  ƍǀméƚƅie  ƍƂaƚiale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖35

inƚeƅ̆hémiƍƂhéƅiƄƢe  deƍ  ƅéƍeaƢƿ  foncƚionnelƍ  de  l̑éƚaƚ  de  ƅeƂoƍ  ̀  ˾BECʣʨ˿  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾HEUʤʣa˿ ́ ˴   ̖̖

Un  Ƃoinƚ  imƂoƅƚanƚ  conceƅne  leƍ  ƅelaƚionƍ  enƚƅe  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  eƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  anaƚomiƄƢe˴  Récemmenƚ˯  Mollink  ͇   al˴  onƚ  démonƚƅé  ƄƢ̑Ƣne  Ƃaƅƚie  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  ƅégionƍ  homoƚoƂiƄƢeƍ  ƂeƢƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

êƚƅe  eƿƂliƄƢée  Ƃaƅ  leƍ  ƂƅoƂƅiéƚéƍ  micƅŏƍƚƅƢcƚƢƅelleƍ  dƢ  ƚƅacƚƢƍ  calloƍal  leƍ  ƅelianƚ  eƚ  ƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƚƚe  ƅelaƚion  anaƚomŏfoncƚionnelle  ƍemble  êƚƅe  ƍƢƂƂoƅƚée  généƚiƄƢemenƚ   ˾MOLʤʬ˿ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Le  ƍƢƂƂoƅƚ  neƢƅoƂhǀƍiologiƄƢe  deƍ  coƅƅélaƚionƍ  inƚeƅ̆hémiƍƂhéƅiƄƢeƍ  aƢ  ƅeƂoƍ  a  éƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹalidé  Ƃaƅ  l̑éƚƢde  à  l̑éƚaƚ  de  ƅeƂoƍ  dƢ  ceƅƹeaƢ  d̑Ƣn  jeƢne  enfanƚ  de  ʩ  anƍ  ƍoƢffƅanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑éƂileƂƍie  ƅéfƅacƚaiƅe ˴  Un  deƍ  ƚƅaiƚemenƚƍ  de  ceƚƚe  Ƃaƚhologie  eƍƚ  Ƣne  ƍecƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖36

comƂlèƚe  dƢ  coƅƂƍ  calleƢƿ  aǏn  d̑éƹiƚeƅ  la  généƅaliƍaƚion  deƍ  cƅiƍeƍ  eƚ  leƢƅ  ƚƅanƍfeƅƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖37

inƚeƅ̆hémiƍƂhéƅiƄƢe˴  Le  coƅƂƍ  calleƢƿ  eƍƚ  Ƣn  enƍemble  de  faiƍceaƢƿ  de  Ǐbƅeƍ  neƅƹeƢƍeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅelianƚ  leƍ  deƢƿ  hémiƍƂhèƅeƍ  eƚ  Ƃeƅmeƚƚanƚ  leƢƅ  inƚeƅacƚion˴  PoƢƅ  comƂƅendƅe  leƍ  baƍeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomiƄƢeƍ  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe˯  l̑éƚƢde  a  donc  combiné  deƍ  acƄƢiƍiƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ  à  l̑éƚaƚ  de  ƅeƂoƍ  aƹanƚ  eƚ  aƂƅèƍ  la  chiƅƢƅgie  cheǊ  ce  jeƢne  Ƃaƚienƚ˴  La  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂaƅaiƍon  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  Ƃƅé̆oƂéƅaƚoiƅe  aƹec  la  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢe  Ƃoƍƚ̆oƂéƅaƚoiƅe  a  monƚƅé  Ƣne  Ƃeƅƚe  conƍidéƅable  deƍ  coƅƅélaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅ̆hémiƍƂhéƅiƄƢeƍ  inƚƅinƍèƄƢeƍ˯  aloƅƍ  ƄƢe  leƍ  coƅƅélaƚionƍ  inƚƅăhémiƍƂhéƅiƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚaienƚ   conƍeƅƹéeƍ    ˾JOHʣʫ˿ ˴   ̖̖

La  connecƚiƹiƚé  inƚƅinƍèƄƢe  a  donc  bien  Ƣne  ƅéaliƚé  ƂhǀƍiologiƄƢe  eƚ  ƍ̑aƂƂƢie˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƢƅ  ce  ƄƢi  eƍƚ  de  la  connecƚiƹiƚé  inƚeƅ̆hémiƍƂhéƅiƄƢe˯  ƍƢƅ  leƍ  Ǐbƅeƍ  blancheƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƍanƚ  le  coƅƂƍ  calleƢƿ˴  PlƢƍ  généƅalemenƚ˯  l̑hǀƂoƚhèƍe  ƍelon  laƄƢelle  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  ƍƚƅƢcƚƢƅelle  éƚablie  à  l̑aide  de  la  ƍƢbƍƚance  blanche˯  conƚƅainƚ  eƚ  ƍƢƂƂoƅƚe˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƢƚ  dƢ  moinƍ  en  Ƃaƅƚie˯  la  dǀnamiƄƢe  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  a  ƅécemmenƚ  éƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹéƅiǏée  danƍ  Ƣne  éƚƢde  de  Coƅnblaƚh  ͇   al˴  ƄƢi  monƚƅenƚ  ƄƢe  la  dǀnamiƄƢe  de  l̑acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅonale  à  l̑éƚaƚ  de  ƅeƂoƍ  ̀  i˳e˳  la  connecƚiƹiƚé  inƚƅinƍèƄƢé  eƍƚ  foƅƚemenƚ  ƅeƍƚƅeinƚe  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

3ʨ  malgré  une  asymétrie  bien  connu  de  l̑anatomie  cérébrale   ˾AMUʤʣ˿  ˮ  notons  par  exemple  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
déviation  Yakovlevienne   ˾TOGʣʦ˿ ˯  et  des  fonctions  cognitives   ˾TZOʤʩa˿  sur  laquelle  nous  reviendrons  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
plus   tard   dans   ce   manuscrit˴  ̖

3ʩ  L̑épilepsie   réfractaire   est   une   forme   d̑épilepsie   résistante   aux   médicaments˴  ̖
3ʪ  Le  corps  calleux  est  la  plus  large  commissure  inter̆hémisphérique  ̀ʤʣ  cm  de  long  enviroń˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

composé  de  plus  de  ʥʣʣ  millions  de  Ǐbres  blanches  ̀axoneś˯  reliant  les  deux  hémisphères  cérébraux  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾LUDʤʣ˿ ˴  ̖

ʨʣ  ̖



 ̖

la  ƂƅoƂagaƚion  dƢ  ƍignal  neƢƅonal  le  long  deƍ  Ǐbƅeƍ  de  la  ƍƢbƍƚance  blanche  ̀  i˳e˳  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé   ƍƚƅƢcƚƢƅellé    ˾CORʥʣ˿ ˴  ̖

 ̖
FigƢƅe  ʤʤ  ˮ  Illustration  de  l̑organisation  topographique  cérébrale  à  l̑état  de  repos˴   A˴   Modèle  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
l̐organisation  topographique  à  large  échelle  de  l̐intégration  de  l̐information  du  Pr˳  Marsel  Mesulam˳  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Figure  adaptée  de   ˽MES00˾ ˳   B˴   Organisation  topographique  à  large  échelle  de  la  connectivité  intrinsèque  ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
basée  sur  la  parcellisation  cérébrale  de  l̐atlas  AICHA   ˽JOLʣʧ˾   en  utilisant  la  méthode  présentée  dans  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽MARʣʨ˾  afin  d̐obtenir  les  ʤ  premières  composantes  de  la  matrice  de  similarité  cosinus  de  la  matrice  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
connectivité  intrinsèque˳  L˷illustration  a  été  réalisée  à  partir  de  la  matrice  moyenne  de  connectivité  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
intrinsèque  de  ʨʩ  sujets  fortement  typiques  pour  le  langage  ˿ les  sujets  proviennent  de  la  BIL͆GIN  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽MAZʣʨ˾ ˮ  la  typicité  est  définie   dans   ˽LABʤ0˾ ̀˳  Les  régions  ont  par  la  suite  été  regroupées  en  ʥ  groupes  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
en  utilisant  un  algorithme  de  classification  des  k̅moyennes  sur  les  ʤ  premières  composantes˳  Les  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
composantes  ont  été  obtenues  grâce  à  la  fonction  ̍ diffuse̎  et  la  classification  via  la  fonction  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
̍diffusionKmeans˶  de  la  librairie  R  diffusionMap   ˽JOSʣʫ˾ ˳  Les  couleurs  sont  établies  en  accord  avec  le  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
modèle  de  Mesulam˳   C˴  Corrélations  inter̅hémisphériques  homotopes  des  régions  de  l̐atlas  AICHA˳  Les  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
données  proviennent  de  la  matrice  moyenne  de  connectivité  intrinsèque  des  ʨʩ  individus  précédemment  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
cités˳   B  et   C˴   Vue  latérale  ˿et  médiane  pour   B ̀  de  l̐hémisphère  gauche  ˸  rendu  ʥD  des  régions  de  l̐atlas  ̕ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
AICHA  sur  la  surface  blanche  du  gabarit  de  la  BIL͆GIN  dans  l̐espace  MNIˮ  réalisé  à  l̐aide  du  logiciel  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Surf   Ice˳  ̖

La   FigƢƅe  ʤʤ   Ƃƅéƍenƚe  Ƣn  comƂaƅaƚif  enƚƅe  ˮ  ʤ́  le  modèle  d̑inƚégƅaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍoƅielle  ƂƅoƂoƍé  Ƃaƅ  le  Pƅ˴  Maƅƍel  MeƍƢlam  à  Ƃaƅƚiƅ  de  l̑inƚégƅaƚion  deƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connaiƍƍanceƍ  ƍƢƅ  le  Ƃlan  cǀƚoaƅchiƚecƚoniƄƢe  eƚ  foncƚionnel  diƍƂonibleƍ  à  la  Ǐn  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

annéeƍ  ʬʣ  ̀  FigƢƅe  ʤʤ  ̆   A˴ ˯   ˾MESʬʫ˿ ́ ˯  ʥ́  le  modèle  maƚhémaƚiƄƢe  de  l̑oƅganiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƂogƅaƂhiƄƢe  céƅébƅale  ̀  FigƢƅe  ʤʤ  ̆   B˴ ́   ƂƅoƂoƍé  Ƃaƅ  le  Dƅ˴  Daniel  MaƅgƢlieƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾MARʤʩ˿ ˯  aƂƂliƄƢé  aƢƿ  donnéeƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  à  Ƃaƅƚiƅ  de  la  Ƃaƅcelliƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅale  de  l˸aƚlaƍ  AICHA   ˾JOLʤʨ˿  de  ʩʪ  indiƹidƢƍ  de  la  BIL͇GIN ˾MAZʤʩ˿ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏéƍ  comme  foƅƚemenƚ  ƚǀƂiƄƢeƍ  ̀ laƚéƅaliƍéƍ  à  gaƢché  ƂoƢƅ  le  langage   ˾LABʥʣ˿ ˯  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʦ́  leƍ  coƅƅélaƚionƍ  inƚeƅ̆hémiƍƂhéƅiƄƢeƍ  homoƚoƂeƍ  ̀  FigƢƅe  ʤʤ  ̆   C˴ ́   deƍ  ƅégionƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʨʤ  ̖



 ̖

l̑aƚlaƍ  AICHA  de  la  maƚƅice  moǀenne  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  deƍ  ʩʪ  indiƹidƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƍmenƚionnéƍ˴  ̖

ToƢƚ  d̑aboƅd˯  il  conƹienƚ  de  noƚeƅ  ƄƢ̑il  eƿiƍƚe  Ƣne  ƍƢƂeƅƂoƍiƚion  ƅemaƅƄƢable  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅe  leƍ  difféƅenƚƍ  ƚǀƂeƍ  de  coƅƚeƿ  déǏniƍ  Ƃaƅ  le  modèle  de  MeƍƢlam  eƚ  noƚƅe  modèle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƚhémaƚiƄƢe  déǏni  à  Ƃaƅƚiƅ  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  la  BIL͇GIN˴  Il  eƿiƍƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

néanmoinƍ  ƄƢelƄƢeƍ  difféƅenceƍ˯  le  coƅƚeƿ  limbiƄƢe  Ƃaƅ  eƿemƂle  n̑eƍƚ  Ƃaƍ  idenƚiǏé  ƹia  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe˯  oƢ  encoƅe  la  délimiƚaƚion  dƢ  coƅƚeƿ  Ƣnimodal  ƄƢi  n̑eƍƚ  Ƃaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƚalemenƚ  idenƚiƄƢe  ˮ  Ƃaƅ  eƿemƂle  le  ƍillon  Ƃƅécenƚƅal  eƍƚ  idenƚiǏé  comme  aƂƂaƅƚenanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢ  coƅƚeƿ  héƚéƅomodal  à  l̑aide  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  aloƅƍ  ƄƢe  le  Pƅ˴  M˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MeƍƢlam  l̑idenƚiǏe  comme  Ƣne  aiƅe  aƍƍociaƚiƹe  Ƣnimodale˴  Ceƍ  difféƅenceƍ  ƂeƢƹenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

noƚammenƚ  ƍ̑eƿƂliƄƢeƅ  Ƃaƅ  leƍ  méƚhodeƍ  difféƅenƚeƍ  Ƣƚiliƍéeƍ  ƂoƢƅ  déƚeƅmineƅ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚƍ  ƚǀƂeƍ  de  coƅƚeƿ  ˮ  ƍƢƅ  la   FigƢƅe  ʤʤ  ̆   A˴  la  méƚhode  eƍƚ  mƢlƚimodale˯  en   B˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣnimodale˴  En  effeƚ˯  en   A˴  la  délimiƚaƚion  deƍ  coƅƚeƿ  ƍ̑aƂƂƢie  ƍƢƅ  le  ƅôle  d̑inƚégƅaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍoƅielle  foncƚionnelle  deƍ  ƅégionƍ˯  maiƍ  Ƃƅend  égalemenƚ  en  comƂƚe  leƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cǀƚoaƅchiƚecƚonie˴  Le  coƅƚeƿ  limbiƄƢe  ̀en  ƹeƅƚ  en   A˴ ́ ˯  éƚanƚ  eƍƍenƚiellemenƚ  déǏni  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅƚiƅ  de  donnéeƍ  cǀƚoaƅchiƚecƚoniƄƢeƍ˯  il  n̑eƍƚ  Ƃaƍ  éƚonnanƚ  de  ne  Ƃaƍ  le  ƅeƚƅoƢƹeƅ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

B˴  ƄƢi  Ƃƅend  ƢniƄƢemenƚ  en  comƂƚe  la  connecƚiƹiƚé  foncƚionnelle  inƚƅinƍèƄƢe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionƍ˴  Il  en  eƍƚ  de  même  ƂoƢƅ  leƍ  délimiƚaƚionƍ  dƢ  coƅƚeƿ  aƍƍociaƚif  Ƣnimodal  ̀en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

jaƢne  en   A˴  eƚ   B˴ ́   ˮ  en  Ƃƅenanƚ  ƂoƢƅ  eƿemƂle  le  ƍillon  Ƃƅécenƚƅal˯  il  eƍƚ  conƍidéƅé  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂaƅƚenanƚ  aƢ  coƅƚeƿ  Ƣnimodal  en A˴  aloƅƍ  ƄƢ̑il  aƂƂaƅƚienƚ  aƢ  coƅƚeƿ  aƍƍociaƚif  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

héƚéƅomodal  en   B˴  Aƹec  leƍ  connaiƍƍanceƍ  acƚƢelleƍ  en  ƚeƅmeƍ  d̑acƚiƹiƚé  céƅébƅale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelle˯  la  ƅeƄƢaliǏcaƚion  dƢ  ƍillon  Ƃƅécenƚƅal  en  ƚanƚ  ƄƢ̑aiƅe  héƚéƅomodale  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

légiƚime˴  Il  a  noƚammenƚ  éƚé  monƚƅé  ƄƢe  ceƚƚe  aiƅe  eƍƚ  imƂliƄƢée  danƍ  la  comƂƅéhenƍion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  l̑acƚion  ƄƢe  la  modaliƚé  ƍoiƚ  ƹiƍƢelle  oƢ  ƹeƅbale   ˾JOUʤʨ˿ ˯  maiƍ  égalemenƚ  ƄƢ̑elle  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂliƄƢée  danƍ  le  ƂƅoceƍƍƢƍ  de  ƚƅaiƚemenƚ  de  la  Ƃhƅaƍe  de  haƢƚ  niƹeaƢ  ƄƢe  la  modaliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoiƚ  ƹiƍƢelle˯  aƢdiƚiƹe  oƢ  ƹeƅbale   ˾LABʤʬ˿ ˴  De  même˯  la  Ƃaƅƚie  inféƅieƢƅe  dƢ  gǀƅƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƅonƚal  moǀen  ̀en  jaƢne  en   B˴ ́   ƍƢƂƂoƍémenƚ  héƚéƅomodal  eƍƚ  ici  caƚégoƅiƍée  comme  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aiƅe  Ƣnimodale  ̀même  obƍeƅƹaƚion  danƍ   ˾MARʤʩ˿ ́  ˮ  ceƚƚe  caƚégoƅiƍaƚion  ƅeƍƚe  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢeƍƚion   en   ƍƢƍƂenƍ˴   ̖̖

De  ƂlƢƍ˯  en  comƂaƅanƚ  la   FigƢƅe  ʤʤ  ̆   B˴  eƚ  C˴ ˯  il  eƍƚ  ƅemaƅƄƢable  de  conƍƚaƚeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  le  gƅadienƚ  de  la  foƅce  deƍ  coƅƅélaƚionƍ  inƚeƅ̆hémiƍƂhéƅiƄƢeƍ  ƍƢiƚ  égalemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑oƅganiƍaƚion  ƚoƂogƅaƂhiƄƢe  de  l̑inƚégƅaƚion  ƍenƍoƅielle˴  Leƍ  coƅƅélaƚionƍ  leƍ  ƂlƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʨʥ  ̖



 ̖

foƅƚeƍ  ̀en  ƅoƢge  foncé  en   C˴ ́   ƍonƚ  ƅeƚƅoƢƹéeƍ  danƍ  leƍ  aiƅeƍ  dƢ  coƅƚeƿ  Ƃƅimaiƅe  ̀en  bleƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en   B˴ ́ ˯  ƂƢiƍ  ƍƢiƹenƚ  leƍ  coƅƅélaƚionƍ  d̑Ƣne  foƅce  inƚeƅmédiaiƅe  ̀de  l̑oƅange  claiƅ  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅoƢge  claiƅ  en   C˴ ́   danƍ  le  coƅƚeƿ  aƍƍociaƚif  Ƣnimodal  ̀en  jaƢne  en   B˴ ́ ˯  eƚ  enǏn  leƍ  faibleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélaƚionƍ  inƚeƅ̆hémiƍƂhéƅiƄƢeƍ  ̀dƢ  bleƢ  foncé  aƢ  ƹeƅƚ  en   C˴ ́   deƍ  aiƅeƍ  aƍƍociaƚiƹeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

héƚéƅomodaleƍ   ̀en   ƅoƍe   en    B˴ ́ ˴  ̕

ʤ˴ʥ˴ʥ˴ʧ˴ RéƍeaƢƿ   de   ƅeƂŢƍ   eƚ   ƅéƍeaƢƿ   cŢgŘĸƚĸfƍ   éƹŢƄƢéƍ  ̖

Leƍ  ƅéƍƢlƚaƚƍ  conceƅnanƚ  l̑oƅganiƍaƚion  foncƚionnelle  céƅébƅale  à  l̑éƚaƚ  de  ƅeƂoƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

condƢiƍenƚ  à  l̑hǀƂoƚhèƍe  ƍelon  laƄƢelle  leƍ  ƅéƍeaƢƿ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  ƂeƢƹenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

êƚƅe  ƹƢƍ  comme  le  ƍƢƂƂoƅƚ  deƍ  foncƚionƍ  cogniƚiƹeƍ˴  Danƍ  ce  ƍenƍ˯  Smiƚh  ͇   al˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conclƢenƚ  de  leƢƅ  éƚƢde  ƍƢƅ  la  coƅƅeƍƂondance  enƚƅe  leƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  calcƢléƍ  cheǊ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʦʣ  ƚémoinƍ  ƹolonƚaiƅeƍ  eƚ  l̑oƅganiƍaƚion  ƍƂaƚiale  deƍ  ƅéƍeaƢƿ  cogniƚifƍ  à  Ƃaƅƚiƅ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donnéeƍ  de  méƚăanalǀƍe  d̑acƚiƹaƚionƍ  ƄƢe  le  ƅéƂeƅƚoiƅe  comƂleƚ  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖38

foncƚionnelƍ  Ƣƚiliƍéƍ  Ƃaƅ  le  ceƅƹeaƢ  en  ̎ acƚion̏  eƍƚ  conƚinƢellemenƚ  eƚ  dǀnamiƄƢemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚif˯  même  loƅƍƄƢ˸il  eƍƚ  aƢ  ˷ ƅeƂoƍ˷  ̀  ˾SMIʣʬ˿  eƚ   ˾LAIʤʦ˿ ́ ˴  Cole  ͇   al˴  ƹiennenƚ  nƢanceƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƍ  ƂƅoƂoƍ  en  monƚƅanƚ  ƄƢe  bien  ƄƢe  leƍ  maƚƅiceƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  eƿƂliƄƢenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  gƅande  Ƃaƅƚ  de  la  ƹaƅiance  deƍ  maƚƅiceƍ  de  connecƚiƹiƚéƍ  foncƚionnelleƍ  indƢiƚeƍ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƚâcheƍ  cogniƚiƹeƍ  ̀égalemenƚ  monƚƅé  danƍ   ˾TAVʤʩ˿  ͇    ˾NIUʥʣ˿ ́ ˯  il  eƿiƍƚe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenceƍ  majeƢƅeƍ  de  ƍimilaƅiƚé  ƍƢƅ  ceƅƚaineƍ  conneƿionƍ  enƚƅe  acƚiƹiƚé  de  ƅeƂoƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚiƹiƚé  éƹoƄƢée   ˾COLʤʧ˿ ˴  Menneƍ  ͇   al˴  ƍƢggèƅenƚ  égalemenƚ  danƍ  Ƣne  éƚƢde  de  ʥʣʤʥ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  leƍ  Ƃaƚƚeƅnƍ  d̑acƚiƹaƚionƍ  éƹoƄƢéƍ  Ƃaƅ  leƍ  ƚâcheƍ  cogniƚiƹeƍ  de  haƢƚ̆niƹeaƢ  ne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coïncidenƚ  Ƃaƍ  aƹec  leƍ  ƅéƍeaƢƿ  déƚecƚéƍ  à  l̑éƚaƚ  de  ƅeƂoƍ   ˾MENʤʥ˿ ˴  Ceƍ  aƢƚeƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conclƢenƚ  aloƅƍ  ƄƢe  l̑aƅchiƚecƚƢƅe  céƅébƅale  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  eƍƚ  Ƣn  éƚaƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅal  de  baƍe  ƄƢi  eƍƚ  dǀnamiƄƢemenƚ  modiǏé  danƍ  le  ƚemƂƍ˯  aƢƚanƚ  ƄƢe  néceƍƍaiƅe˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aǏn  de  ƅéƂondƅe  aƢƿ  beƍoinƍ  foncƚionnelƍ  de  la  ƚâche  ƅéaliƍée   ˾FORʤʥa˿ ˴  Ceƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hǀƂoƚhèƍe  ƹa  d̑ailleƢƅƍ  danƍ  le  même  ƍenƍ  ƄƢe  leƍ  conclƢƍionƍ  de  l̑éƚƢde  de  Foƿ  ͇   al˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢi  ƍƢggèƅenƚ  ƄƢe  leƍ  ƅégionƍ  céƅébƅaleƍ  ƍimilaiƅemenƚ  modƢléeƍ  Ƃaƅ  Ƣne  ƚâche  oƢ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚimƢli  eƿƚeƅne˯  monƚƅenƚ  deƍ  coƅƅélaƚionƍ  ƍigniǏcaƚiƹeƍ  deƍ  ǐƢcƚƢaƚionƍ  ƍƂonƚanéeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƢƅƍ  ƍignaƢƿ  BOLD  eƚ  ce  même  en  l̑abƍence  de  ƚâche  oƢ  de  ƍƚimƢlƢƍ  eƿƚeƅne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾FOXʣʨ˿ ˴  ̖

3ʫ  Les  réseaux  fonctionnels  d̑activations  sont  ici  basés  sur  les  données  d̑une  métăanalyse  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
d̑articles   en   neuroimagerie   cognitive˴   ̖̖

ʨʦ  ̖



 ̖

De  nombƅeƢƿ  aƢƚeƢƅƍ  onƚ  labelliƍé  leƍ  ƅéƍeaƢƿ  de  l̑éƚaƚ  de  ƅeƂoƍ  conƍcienƚ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚion  de  ce  ƄƢi  éƚaiƚ  connƢ  gƅâce  aƢƿ  Ƃaƅadigmeƍ  d̑acƚiƹaƚion  de  neƢƅoimageƅie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹe˯  aloƅƍ  même  ƄƢe  la  ƄƢeƍƚion  ƅeƍƚe  oƢƹeƅƚe  eƚ  ƄƢ̑aƢcƢne  donnée  déǏniƚiƹe˯  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ma  connaiƍƍance˯  ne  Ƃoƅƚe  ƍƢƅ  Ƣne  éƚƢde  de  la  ƍƢƂeƅƂoƍiƚion  ƍƂaƚiale  eƿacƚe  de  ceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚƍ  ƅéƍeaƢƿ˴  Yeo  ͇   al˴  Ƃaƅ  eƿemƂle˯  nommenƚ  leƢƅ  ƅéƍeaƢ  dƢ  ƅeƂoƍ  en  foncƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  donnéeƍ  obƚenƢeƍ  Ƃaƅ  neƢƅoimageƅie  cogniƚiƹe   ˾YEOʤʤ˿ ˯  maiƍ  ilƍ  Ƃƅéciƍenƚ  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƢƅ  aƅƚicle  ƄƢe  ceƚƚe  heƢƅiƍƚiƄƢe  de  nommage  deƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  a  deƍ  limiƚeƍ˴  En  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

effeƚ˯  le  ƅéƍeaƢ  ƄƢ̑ilƍ  onƚ  nommé  DMN  Ƃaƅ  eƿemƂle˯  a  éƚé  décomƂoƍé  en  ƂlƢƍieƢƅƍ  ƍoƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  Ƃaƅ  d̑aƢƚƅeƍ  aƢƚeƢƅƍ  ̀  ˾ANDʤʣa˿  eƚ   ˾BUCʤʬb˿ ́ ˴  De  ƂlƢƍ˯  Gƅeene  ͇   al˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

monƚƅenƚ  danƍ  Ƣne  éƚƢde  ƅécenƚe  ƄƢe  leƍ  Ƃaƚƚeƅnƍ  de  connecƚiƹiƚé  foncƚionnelle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅoƹenanƚ  deƍ  ǐƢcƚƢaƚionƍ  dƢ  ƍignal  BOLD  indƢiƚeƍ  Ƃaƅ  deƍ  ƚâcheƍ  cogniƚiƹeƍ  Ƃƅédiƍenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mieƢƿ  leƍ  Ƃeƅfoƅmanceƍ  comƂoƅƚemenƚaleƍ  ƄƢe  leƍ  Ƃaƚƚeƅnƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾GREʤʫ˿ ˴  Bijƍƚeƅboƍch  ͇   al˴  ƄƢanƚ  à  eƢƿ  onƚ  ƅécemmenƚ  miƍ  en  aƹanƚ  ƄƢe  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂeƅƂoƍiƚion  ƍƂaƚiale  enƚƅe  leƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  eƿƂliƄƢe  ƍigniǏcaƚiƹemenƚ  Ƣne  ceƅƚaine ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅƚ  de  la  ƹaƅiance  inƚeƅindiƹidƢelle  deƍ  Ƃeƅfoƅmanceƍ  comƂoƅƚemenƚaleƍ  ˾BIJʤʬ˿ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Finalemenƚ˯  deƍ  éƚƢdeƍ  onƚ  égalemenƚ  monƚƅé  ƄƢe  leƍ  Ƃeƅfoƅmanceƍ  loƅƍ  de  l̑eƿécƢƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  ƚâche  cogniƚiƹe  modƢlenƚ  diƅecƚemenƚ  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  enƚƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ̀  ˾MENʤʤ˿  eƚ   ˾GORʤʥ˿ ́ ˴  Il  eƍƚ  à  noƚeƅ  ƄƢe  la  ƍƢƂeƅƂoƍiƚion  enƚƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƚƚeƅnƍ  d̑acƚiƹaƚionƍ  indƢiƚƍ  Ƃaƅ  deƍ  ƚâcheƍ  eƚ  leƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ne  monƚƅe  ƄƢ̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cheƹaƢchemenƚ   Ƃaƅƚiel   ̀  ˾MENʤʦ˿    eƚ    ˾GORʤʪ˿ ́ ˴  ̖

En  ƅéƍƢmé˯  bien  ƄƢe  leƍ  oƅganiƍaƚionƍ  céƅébƅaleƍ  aƢ  ƅeƂoƍ  eƚ  Ƃendanƚ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖39

ƚâcheƍ  cogniƚiƹeƍ  ƍoienƚ  en  Ƃaƅƚie  ƍƢƂeƅƂoƍableƍ˯  il  n̑eƿiƍƚe  aƢjoƢƅd̑hƢi  ƄƢe  ƂeƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑élémenƚƍ  ƄƢi  ƅendenƚ  comƂƚe  deƍ  ƅègleƍ  ƄƢi  Ƃeƅmeƚƚenƚ  de  Ƃaƍƍeƅ  de  l̑Ƣn  à  l̑aƢƚƅe˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ceƅƚainƍ  aƢƚeƢƅƍ  onƚ  ƂƅoƂoƍé  ƄƢe  l˸acƚiƹiƚé  aƢ  ƅeƂoƍ˯  oƅganiƍée  en  ƅéƍeaƢ˯  ƍeƅƚ  de  Ƃhaƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  conƍolidaƚion  deƍ  ƅéƍeaƢƿ  d̑acƚiƹaƚion  foncƚionnelƍ˯  de  ƂlaniǏcaƚion  dƢ  fƢƚƢƅ˯  oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

encoƅe  de  ƅenfoƅcemenƚ  deƍ  aƂƂƅenƚiƍƍageƍ   ˾BUCʣʪ˿ ˴  Néanmoinƍ  Ƣne  meilleƢƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connaiƍƍance  deƍ  ƅelaƚionƍ  ƄƢanƚiƚaƚiƹeƍ˯  eƚ  Ƃaƍ  ƍeƢlemenƚ  ƍƂaƚialeƍ˯  enƚƅe  ceƍ  deƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

3ʬ  Le  repos  est  ici  entendu  au  sens  large  du  terme˯  puisqȗil  a  également  été  montré  que  l̑activité  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
à  l̑état  de  repos  conscient  se  poursuit  lors  du  sommeil  ̀  ˾FUKʣʩ˿  et   ˾LARʣʬ˿ ́   et  même  sous  anesthésie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾VINʣʪ˿ ˴  Bien  que  l̑organisation  fonctionnelle  en  réseau  de  l̑activité  cérébrale  sous  anesthésie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
̀induisant  une  perte  de  consciencé  est  plus  proche  de  l̑organisation  en  réseau  structurelle  ̀modelé  par  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
les  connexions  anatomiques  des  Ǐbres  blancheś  que  de  l˸organisation  en  réseau  fonctionnelle  induite  par  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
̎l̑action̏    ˾UHRʤʫ˿ ˴  ̖

ʨʧ  ̖



 ̖

éƚaƚƍ  ƂhǀƍiologiƄƢeƍ  ƅeƍƚe  à  acƄƢéƅiƅ˯  eƚ  cela  a  éƚé  Ƣn  deƍ  objecƚifƍ  oƅiginaƢƿ  de  mon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅaƹail˴  ̖

PoƢƅ  enƚƅeƂƅendƅe  Ƣne  ƚelle  éƚƢde˯  Ƣn  élémenƚ  eƍƍenƚiel  eƍƚ  de  ƍ̑aƂƂƢǀeƅ  ƍƢƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅcelliƍaƚion  dƢ  ceƅƹeaƢ  ƄƢi  ƂƢiƍƍe  Ƃeƅmeƚƚƅe  Ƣne  ƚelle  comƂaƅaiƍon˴  Comme  noƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

allonƍ  le  ƹoiƅ  de  nombƅeƢƿ  aƚlaƍ  céƅébƅaƢƿ  onƚ  éƚé  déƹeloƂƂéƍ˯  ƅéƂondanƚ  à  deƍ  objecƚifƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢi  onƚ  ƹaƅié  aƢ  coƢƅƍ  dƢ  ƚemƂƍ  eƚ  ceƚƚe  aƂƂƅoche  eƍƚ  Ƣn  aƢƚƅe  deƍ  élémenƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fondamenƚaƢƿ   de   mon   ƚƅaƹail   de   ƚhèƍe˴  ̖

ʥ˴ Leƍ   aƚōaƍ    in   ƹiƹo    dƢ   ceƅƹeaƢ   HƢŖaĸŘ  ̖
 ̖

Mon  ƚƅaƹail  de  ƚhèƍe  ƍe  ƍiƚƢe  danƍ  le  cadƅe  de  la  déǏniƚion  d̑aƚlaƍ  aƹec  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

objecƚif  oƅiginal  ˮ  celƢi  de  déǏniƅ  deƍ  aƚlaƍ  en  ƅelaƚion  aƹec  deƍ  foncƚionƍ  cogniƚiƹeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂéciǏƄƢeƍ  eƚ  en  inƚégƅanƚ  Ƣne  dimenƍion  oƢbliée  danƍ  leƍ  ƚƅaƹaƢƿ  Ƃƅécédenƚƍ˯  celle  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑oƅganiƍaƚion  foncƚionnelle  dƢ  ceƅƹeaƢ  ƍƢiƹanƚ  leƍ  ƅègleƍ  de  la  ƍƂécialiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhéƅiƄƢe ˴  La  conceƂƚion  d̑aƚlaƍ  de  foncƚionƍ  cogniƚiƹeƍ  ƍe  ƍiƚƢe  danƍ  la  lignée  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖40

la  cƅéaƚion  d̑aƚlaƍ  eƚ  de  leƢƅƍ  innoƹaƚionƍ  inƍƚƅƢmenƚaleƍ  eƚ  maƚhémaƚiƄƢeƍ  Ƃƅéƍenƚéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ   ceƚƚe   Ƃaƅƚie˴   ̖̖

Leƍ  aƚlaƍ  céƅébƅaƢƿ˯   i˳e˳  la  Ƃaƅcelliƍaƚion  de  ceƅƹeaƢ  en  ƅégionƍ  d˸inƚéƅêƚ  ̀ROI  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Region  of  Interest ́ ˯  Ƃeƅmeƚƚenƚ  de  foƢƅniƅ  Ƣn  cadƅe  de  ƚƅaƹail  ƍǀƍƚémiƄƢe  aƢƿ  ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoƍcienceƍ   ˾YEOʤʩ˿ ˴  Comme  l̑a  monƚƅé  en  ʥʣʤʥ  le  Dƅ˴  Cameƅon  Cƅaddock˯  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  offƅanƚ  Ƣne  Ƃaƅcelliƍaƚion  en  ROIƍ  onƚ  l̑aƹanƚage˯  comƂaƅé  aƢƿ  analǀƍeƍ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹoƿelƍ˯  d̑aƹoiƅ  Ƣne  meilleƢƅe  ƍenƍibiliƚé  eƚ  inƚeƅƂƅéƚabiliƚé  ̀ loƅƍƄƢe  le  ƍignal  ƅegaƅdé  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

celƢi  Ƣƚiliƍé  ƂoƢƅ  élaboƅeƅ  la  Ƃaƅcelliƍaƚion  eƍƚ  le  mêmé  en  aƢgmenƚanƚ  le  ƅaƂƂoƅƚ  ƍignal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ  bƅƢiƚ  deƍ  donnéeƍ   ˾CRAʤʥ˿  ˮ  c̑eƍƚ  l̑homogénéiƚé  maƚhémaƚiƄƢe˴  De  ƂlƢƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑Ƣƚiliƍaƚion  d̑aƚlaƍ  Ƃeƅmeƚ  de  ƅédƢiƅe  la  dimenƍionnaliƚé  deƍ  donnéeƍ  d̑IRMf  de  l̑oƅdƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ʤʣ 6  ƹoƿelƍ  à  ƍeƢlemenƚ  ƄƢelƄƢeƍ  cenƚaineƍ  de  ƅégionƍ˯  eƚ  ce˯  ƍanƍ  Ƃeƅdƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑infoƅmaƚionƍ  conceƅnanƚ  leƍ  ƂƅoceƍƍƢƍ  cogniƚifƍ  céƅébƅaƢƿ  laƚenƚƍ˴  Ceƚƚe  ƅédƢcƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dimenƍion  Ƃeƅmeƚ  de  conƚƅôleƅ  le  Ƃƅoblème  deƍ  comƂaƅaiƍonƍ  ƍƚaƚiƍƚiƄƢeƍ  en  ƅédƢiƍanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƅaƍƚiƄƢemenƚ   le   nombƅe   de   ƚeƍƚƍ   ƅeƄƢiƍ   loƅƍ   de   l̑analǀƍe   deƍ   donnéeƍ    ˾ZALʤʥ˿ ˴  ̖

DeƢƿ  eƿemƂleƍ  illƢƍƚƅenƚ  à  ƄƢel  Ƃoinƚ  leƍ  aƚlaƍ  onƚ  éƚé  deƍ  inƍƚƅƢmenƚƍ  eƍƍenƚielƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢ  déƹeloƂƂemenƚ  de  la  neƢƅoimageƅie˴  Le  Ƃƅemieƅ  eƍƚ  celƢi  de  l̑aƚlaƍ  de  Talaiƅach  ƄƢi  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʧ0   cf˳    Introduction   à   la    Partie   II    pour   une   déǏnition   de   la   spécialisation   hémisphérique˴  ̖
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Ƃeƅmiƍ  l̑eƍƍoƅ  de  la  neƢƅoimageƅie  foncƚionnelle  Ƃaƅ  meƍƢƅe  de  l̑acƚiƹiƚé  éƹoƄƢée  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƢƅƍ  de  ƚâcheƍ  cogniƚiƹeƍ  aƹec  la  TEP  ƂƢiƍ  en  IRMf˴  L̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Talaiƅach  a  foƢƅni  Ƣn  eƍƂace  de  noƅmaliƍaƚion  deƍ  ceƅƹeaƢƿ  à  Ƃaƅƚiƅ  d̑imageƍ  obƚenƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

in  vivo  eƚ˯  coƢƂlé  à  ƍon  aƚlaƍ˯  a  Ƃeƅmiƍ  de  localiƍeƅ  leƍ  acƚiƹaƚionƍ  TEP  danƍ  leƍ  annéeƍ  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʬʫʣ̆ʤʬʬʣ   ˾FOXʫʨ˿ ˴  Il  eƍƚ  imƂoƅƚanƚ  de  ƍoƢligneƅ  ƄƢe  le  conceƂƚ  d̑eƍƂace  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚéƅéoƚaƿiƄƢe  aƂƂoƅƚé  Ƃaƅ  Talaiƅach  a  éƚé  conƍeƅƹé  eƚ  conƍƚammenƚ  amélioƅé˴  Le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƢƿième  eƿemƂle  eƍƚ  celƢi  de  l˸aƚlaƍ  AAL   ˾TZOʣʥ˿  ƄƢi  a  accomƂagné  l̑eƍƍoƅ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  foncƚionnelle  éƚƢdiée  aƢ  ƅeƂoƍ˴  PoƢƅ  illƢƍƚƅeƅ  ce  deƢƿième  eƿemƂle˯  j̑ai  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅocédé  à  Ƣne  bƅèƹe  éƚƢde  de  la  bibliogƅaƂhie  deƍ  ʧ  gƅandƍ  ƍoƢƍ̆domaineƍ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoimageƅie  conceƅnanƚ  diƅecƚemenƚ  le  ƍƢjeƚ  de  ceƚƚe  ƚhèƍe  ƄƢe  ƍonƚ  l̑IRMf˯  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé   inƚƅinƍèƄƢe˯   la   Ƃaƅcelliƍaƚion   céƅébƅale   eƚ   la   ƚhéoƅie   deƍ   ƅéƍeaƢƿ˴   ̖̖

D̑aƂƅèƍ  Web  of  Science ˯  il  eƿiƍƚe  Ƣn  coƅƂƢƍ  de  ʧʤʬ  aƅƚicleƍ  ƅéféƅencéƍ  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖41

éƚanƚ  leƍ  ƂlƢƍ  ciƚéƍ  danƍ  leƍ  ʧ  ƍoƢƍ̆domaineƍ  Ƃƅécédemmenƚ  menƚionnéƍ˴  Ce  coƅƂƢƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚeƿƚeƍ  coƢƹƅe  Ƣne  Ƃéƅiode  de  ʤʬ  anƍ  ̀de  ʥʣʣʤ  à  ʥʣʥʣ́˯  inclƢƍ  ʤʨʥ  ƍoƢƅceƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖42

̀joƢƅnaƢƿ˯  liƹƅeƍ   etc ˰ ́˯  eƚ  menƚionne  Ƣn  ƚoƚal  de  ʦʦ  ʥʫʬ  ƅéféƅenceƍ˴  Une  analǀƍe  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅƚe  hiƍƚoƅiogƅaƂhiƄƢe  de  ceƍ  ʧʤʬ  ƅéféƅenceƍ  ̀  FigƢƅe  ʤʥ ́  à  l̑aide  de  la  libƅaiƅie  R  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖43

̎ bibliometrix ̏    ˾ARIʤʪ˿  Ƃeƅmeƚ  de  meƚƚƅe  en  aƹanƚ  ƄƢe  l̑aƚlaƍ  AAL   ˾TZOʣʥ˿  eƚ  la  miƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  éƹidence  dƢ  DMN  ƹia  leƍ  ƂƢblicaƚionƍ  concomiƚanƚeƍ  de   ˾MAZʣʤb˿  eƚ  de   ˾RAIʣʤ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍonƚ  à  l̑oƅigine  de  ce  coƅƂƢƍ  de  ƚƅaƹaƢƿ  ƍcienƚiǏƄƢeƍ˯  eƚ  ƄƢe  leƍ  éƚƢdeƍ  iƍƍƢeƍ  deƍ  aƚlaƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  eƚ  de  la  ƚhéoƅie  deƍ  ƅéƍeaƢƿ  onƚ  condƢiƚ  à  la  miƍe  aƢ  Ƃoinƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  l̑aƚlaƍ  mƢlƚimodal  dƢ  Dƅ˴  Maƚƚheƺ  Glaƍƍeƅ   ˾GLAʤʩ˿ ˴  L̑aƚlaƍ  AAL  a  éƚé  Ƣn  oƢƚil  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fondaƚeƢƅ  dƢ  ƍoƢƍ̆domaine  de  la  neƢƅoimageƅie  conceƅnanƚ  la  ƚhéoƅie  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂliƄƢée  aƢƿ  neƢƅoƍcienceƍ  ̀  ˾BULʤʤ˿  eƚ   ˾SPOʤʤ˿ ˯   cf˳   FigƢƅe  ʤʥ ́˴  C̑eƍƚ  donc  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƿemƂle  ƄƢi  monƚƅe  ƄƢe  la  miƍe  aƢ  Ƃoinƚ  d̑Ƣn  aƚlaƍ  eƍƚ  Ƣn  deƍ  élémenƚƍ  de  l̑aƂƂlicaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƚhéoƅieƍ  maƚhémaƚiƄƢeƍ  ̀ ici  la  ƚhéoƅie  deƍ  ƅéƍeaƢƿ́  à  l̑éƚƢde  de  l̑oƅganiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelle   céƅébƅale˴  ̖

ʧ1  Résultat  en  juin  ʥʣʥʣ  des  requêtes  suivantes  sur  Web  of  Sciences˯  en  ne  sélectionnant  que  les  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
articles  ̎  Highly  Cited  in  Field  OR  Hot  Papers  in  Field ̏   ˹  TOPICˮ  ̀Functional  magnetic  resonance  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖
imaginǵ  AND  TOPICˮ  ̀MRÍ  AND  TOPICˮ  ̀ functional  MRÍ˯  TOPICˮ  ̀network  neurosciencé˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
TOPICˮ   ̀brain   parcellatioń   et   TOPICˮ   ̀ intrinsic   connectivitý˴  ̖

ʧ2   Neuroimage  étant  le  journal  arrivant  en  tête  avec  ʨʥ  articles  y  étant  publié˯  le  second  étant  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Trends   in   Cognitive   Sciences    avec   un   total   de   ʥʦ   publications˴  ̖

ʧ3  Une  carte  historiographique  est  une  visualisation  permettant  de  représenter  le  réseau  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
chronologique  des  citations  directes  les  plus  pertinentes  résultant  du  recueil  bibliographique  analysé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾GARʣʧ˿ ˴  ̖
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̖
FigƢƅe  ʤʥ  ˮ  Carte  historiographique  du  recueil  bibliographique  des  ʧʤʬ  articles  les  plus  cités  délimitant  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

les  grands  thèmes  abordés  dans  cette  thèse  ̀IRMf˯  neuroscience  des  réseaux˯  parcellisation  cérébrale  et  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connectivité  intrinsèqué˴   Le  graphe  est  orienté  d̐après  les  citations  directes  d̐un  article  à  l̐autre  ˭  une  ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

flèche  d̐un  article  B  vers  A  signifie  que  l̐article  B  cite  A˳  Les  articles  sont  ordonnés  par  année  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

publication˳   Chaque   cercle   représente   un   articleˮ   dont   la   référence   est   disponible   dans   la    Bibliographie ˳  ̖

ʤ˳ʣ˳ ReƹƢe  deƍcripƚiƹe  eƚ  chronologiqƢe  deƍ  aƚlaƍ  de  neƢroimagerie  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

danƍ   l̐eƍpace   ƍƚéréoƚaƿiqƢe   ̕̕
Le  chaƂiƚƅe  ƄƢi  ƍƢiƚ  Ƃƅéƍenƚe  Ƣne  bibliogƅaƂhie  deƍcƅiƂƚiƹe  d̑Ƣn  enƍemble  de  ʥʤ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  céƅébƅaƢƿ  danƍ  l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  commƢn  ƂƢbliéƍ  à  ce  joƢƅ˴  Ceƍ  deƅnieƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍonƚ  Ƃƅéƍenƚéƍ  danƍ  l̑oƅdƅe  chƅonologiƄƢe  de  ƂƢblicaƚion  eƚ  ƍonƚ  claƍƍéƍ  en  foncƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  oƢ  deƍ  modaliƚé̀ƍ́  Ƣƚiliƍéèƍ́  ƂoƢƅ  leƍ  conƍƚƅƢiƅe  ˮ  maƅƄƢeƢƅƍ  anaƚomiƄƢeƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  ƍƚƅƢcƚƢƅelle  ̀anaƚomie  deƍ  Ǐbƅeƍ  blancheƍ́˯  connecƚiƹiƚé  inƚƅinƍèƄƢe  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mƢlƚimodaliƚé˴  En  effeƚ˯  la  Ƃaƅcelliƍaƚion  en  ROIƍ˯  ƂeƢƚ  êƚƅe  ƅéaliƍée  de  ƂlƢƍieƢƅƍ  façonƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  foncƚion  deƍ  objecƚifƍ  deƍ  aƢƚeƢƅƍ  ˮ  ƍƢiƹanƚ  leƍ  donnéeƍ  Ƃƅoƹenanƚ  d̑IRM  anaƚomiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ƅeƂèƅeƍ  anaƚomiƄƢeƍ˯  connecƚiƹiƚé  ƍƚƅƢcƚƢƅelle˯  mǀéliniƍaƚion  inƚƅacoƅƚicale˴˴˴́˯  oƢ  bien  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢiƹanƚ  leƍ  donnéeƍ  d̑IRMf  ̀ƹaƅiaƚionƍ  d̑acƚiƹiƚé  obƚenƢeƍ  aƢ  coƢƅƍ  de  ƚâcheƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹeƍ˯  connecƚiƹiƚé  inƚƅinƍèƄƢé  oƢ  encoƅe  Ƣne  combinaiƍon  deƍ  deƢƿ˴  Une  ROI  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅegƅoƢƂe  aloƅƍ  ƍoiƚ  Ƣn  enƍemble  de  ƹoƿelƍ  ƄƢi  ƍonƚ  homogèneƍ  enƚƅe  eƢƿ  ƂoƢƅ  Ƣne˯  oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ  leƍ  caƍ  d̑aƚlaƍ  mƢlƚimodaƢƿ˯  ƂoƢƅ  ƂlƢƍieƢƅƍ  de  ceƍ  caƅacƚéƅiƍƚiƄƢeƍ   ˾GENʤʫ˿ ˯  ƍoiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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Ƣn  enƍemble  de  ƹoƿelƍ  ƄƢi  ƍonƚ  diƍƍimilaiƅeƍ  de  leƢƅ  ƹoiƍin  ƂoƢƅ  Ƣne  oƢ  ƂlƢƍieƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modaliƚéƍ   ˾EICʤʫa˿ ˴  Le  Pƅ˴  Peƅ  Roland  ƍoƢligne  ƄƢe  ƂoƢƅ  ƄƢ̑Ƣne  Ƃaƅcelliƍaƚion  aiƚ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍenƍ  en  ƚeƅmeƍ  de  ƅôle  foncƚionnel˯  elle  ƍe  doiƚ  de  ƅeƍƂecƚeƅ  leƍ  chamƂƍ  foncƚionnelƍ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖44

Ƃƅenanƚ   en   comƂƚe   deƍ   meƍƢƅeƍ   ƄƢanƚiƚaƚiƹeƍ   danƍ   la   déǏniƚion   deƍ   ROIƍ    ˾ROLʬʫ˿ ˴  ̖

ʥ˴ʤ˴ʤ˴ Leƍ   aƚlaƍ   anaƚomiƄƢeƍ  ̖

TabōeaƢ  ʤ  ˮ  Caractéristiques  des  atlas  anatomiques  obtenus  à  partir  de  la  gyriǏcation˴   La  colonne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
correspondant  à  l̐atlas  de  Talairach   ˽TALʨʩ˾  est  grisée  car  ce  dernier  n̐est  pas  un  atlas  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
neuroimagerie   à   proprement   parler˳  ̕

 ̕ ˾TALʩʪ˿  ̖ʧʨ ˾TZOʣʥ˿  ̖ ˾DESʣʩ˿  ̖ ˾DESʤʣ˿  ̖ ˾AUZʤʩ˿  ̖

N Individus  ̕ ʤ  ̖ ʤ  ̖ ʧʣ  ̖ ʥʧ  ̖ ʤʦʪ  ̖

Données  ̕ individuelles  ̖ individuelles  ̖ individuelles   et  ̖
moyennes  ̖

individuelles   et  ̖
moyennes  ̖

individuelles   et  ̖
moyennes  ̖

Âge    ̀annéeś  ̖ ʩʣ  ̖ ̎jeunȅ  ̖ ʤʬ   ̆    ʫʩ  ̖ ʤʫ   ̆    ʥʨ  ̖ ̆  ̖

IRM  ̕ ̆  ̖ ʤ˴ʨ   T   Philips  ̖ ʤ˴ʨ   T   Siemens  ̖ ʤ˴ʨ   T   Siemens  ̖ ʤ˴ʨ   T   Siemens  ̖

Type   de  ̕
morphométrie  ̕ volume  ̖ volume  ̖ surface  ̖ surface  ̖ surface   et  ̖

volume  ̖

Méthode   de  ̕
construction   de  ̕
l̐atlas  ̕

Annexes   ˮ   ʤ  ̖ gyriǏcation  ̖
manuelle  ̖

modèle   de  ̖
Markov   caché  ̖

˾FISʣʧb˿  ̖

modèle   de  ̖
Markov   caché  ̖

˾FISʣʧb˿  ̖

HIP̆HOP  ̖ʧʩ

˾AUZʤʦ˿ ̖

Régions   par  ̕
hémisphère  ̕

ʧʪ˯   ʦʧ˯   ʤʬ˯  ̖
ʤʦ  ̖ʧʪ ʧʫ  ̖ ʦʧ  ̖ ʪʧ  ̖ ʧʫ  ̖

Critère   de  ̕
sélection   du  ̕
nombre   de  ̕
régions  ̕

anatomique  ̖
et  ̖

histologique  ̖
anatomique  ̖ anatomique  ̖ anatomique  ̖

critère   d˸arrêt   de  ̖
la   méthode  ̖
HIP̆HOP  ̖

But  ̕ localisation  ̖ localisation  ̖ anatomie  ̖
individuelle  ̖

anatomie  ̖
individuelle  ̖

cartographie ̖
fonctionnelle   ̦   ̖

intégration  ̖
multimodale  ̖

ʧʧ  L̑hypothèse  des  champs  fonctionnels  suppose  que  l̑organisation  fonctionnelle  du  cortex  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cérébral  humain  repose  sur  des  champs  fonctionnels  qui  occupent  chacun  une  partie  plus  ou  moins  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
grande  du  territoire  cortical˴  Ces  champs  fonctionnels˯  d̑une  surface  d̑au  moins  ʦ  cm 2 ˯   sont  les  entités  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
fonctionnelles  cérébrales  les  plus  grandes˴  Ces  champs  fonctionnels  sont  alors  les  manifestations  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
physiologiques   de   l̑activité   cérébrale    ˾ROLʫʨ˿ ˴  ̖

ʧʨ  L̑atlas  de  Talairach  n̑est  pas  basé  sur  des  données  d̑IRM  d̑un  individu  sain˯  mais  sur  une  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
étude  histologique  de  l̑hémisphère  gauche  d̑un  cerveau  conservé  dans  le  formol  d̑une  femme  de  ʩʣ  ans˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Le  Pr˴  Jean  Talairach  fournit  ainsi  la  labellisation  de  l̑ensemble  du  cerveau  d̑après  les  aires  Brodmann  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾BROʤʥ˿ ˯   la   gyriǏcation   cérébrale   et   les   ganglions   de   la   base˴  ̖

ʧʩ  HIP̆HOP   ˮ    Harmonic   Intrinsic   Parameterization   ̅    Harmonic   Orthogonal   Parameterization  ̕
ʧʪ  ʧʪ   aires   corticales˯   ʦʧ   gyri   et   sulci˯   ʤʬ   faisceaux   et   ventricules   et   ʤʦ   ganglions   de   la   base  ̖

ʨʫ  ̖



 ̖

L˸aƚlaƍ  de  Talaiƅach  eƍƚ  le  Ƃƅemieƅ  aƚlaƍ  anaƚomiƄƢe  dƢ  ceƅƹeaƢ  hƢmain  ƄƢi  aiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚé  aƂƂliƄƢé  à  l̑imageƅie  foncƚionnelle   ˾FOXʫʨ˿  eƚ  bien  ƄƢ̑il  ne  ƍoiƚ  Ƃaƍ  à  ƂƅoƂƅemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅleƅ  Ƣn  aƚlaƍ  de  neƢƅoimageƅie  il  eƍƚ  inclƢƍ  danƍ  ceƚƚe  ƍǀnƚhèƍe  ̀  FigƢƅe  ʤʦ  ̆   A ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾TALʩʪ˿ ́ ˴  Ceƍ  aƚlaƍ  anaƚomiƄƢeƍ  ̀  FigƢƅe  ʤʦ ́˯  élaboƅéƍ  à  Ƃaƅƚiƅ  d˸imageƅie  IRM˯  ƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

baƍenƚ  ƍƢƅ  deƍ  maƅƄƢeƢƅƍ  anaƚomiƄƢeƍ  eƚ  en  ƂaƅƚicƢlieƅ  ƍƢƅ  la  gǀƅiǏcaƚion  coƅƚicale  aǏn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  déǏniƅ  leƍ  limiƚeƍ  deƍ  ROIƍ  eƚ  comƂoƅƚenƚ  en  moǀenne  ʨʣ  ƅégionƍ  ̰̀  ʤʨ́˴  Leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚeƍ   caƅacƚéƅiƍƚiƄƢeƍ   de   ceƍ   aƚlaƍ   ƂeƢƹenƚ   êƚƅe   ƚƅoƢƹéeƍ   danƍ   le    TableaƢ   ʤ ˴ ̖

Leƍ  aƹancéeƍ  ƄƢi  onƚ  ƍƢiƹi  l̑Ƣƚiliƍaƚion  de  l̑aƚlaƍ  de  Talaiƅach  onƚ  conƍiƍƚé  en  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

amélioƅaƚion  dƢ  gabaƅiƚ  oƢ  ƚemƂlaƚe˴  Le  gabaƅiƚ  de  l̑aƚlaƍ  de  Talaiƅach˯  conƍƚiƚƢé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑hémiƍƂhèƅe  gaƢche  d̑Ƣne  femme  de  ʩʣ  anƍ  conƍeƅƹé  danƍ  le  foƅmol˯  a  éƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅogƅeƍƍiƹemenƚ  ƅemƂlacé  Ƃaƅ  deƍ  imageƍ  de  CT̆ƍcan  comme  danƍ  l̑aƚlaƍ  de  MaƚƍƢi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾MATʪʫ˿ ˯  ƂƢiƍ  Ƃaƅ  deƍ  imageƍ  anaƚomiƄƢeƍ  d̑IRM  aƹec  Ƣne  amélioƅaƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍolƢƚion  anaƚomiƄƢe  eƚ  dƢ  nombƅe  de  ƍƢjeƚƍ  inclƢƍ  danƍ  leƢƅ  conƍƚƅƢcƚion  aƢ  coƢƅƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚemƂƍ  ̀MNI ˯   cf˳   ˾EVAʤʥ˿  ƂoƢƅ  Ƣne  ƅeƹƢe  conceƅnanƚ  leƍ  gabaƅiƚƍ  danƍ  l̑eƍƂace  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖48

ƍƚéƅéoƚaƿiƄƢe ́˴  Il  eƍƚ  coƢƅanƚ  aƢjoƢƅd̑hƢi  de  déǏniƅ  Ƣn  gabaƅiƚ  Ƃaƅ  éƚƢde˯  oƢ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖49

ƂoƂƢlaƚion˯  aǏn  de  Ƃƅendƅe  en  comƂƚe  leƍ  caƅacƚéƅiƍƚiƄƢeƍ  de  la  ƂoƂƢlaƚion  éƚƢdiée  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

celle  de  l̑aƂƂaƅeil  d̑Imageƅie  Ƃaƅ  Réƍonance  MagnéƚiƄƢe  ̀IRḾ  Ƣƚiliƍé˴  La  ƂƅocédƢƅe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cƅéaƚion  de  gabaƅiƚ  Ƣƚiliƍée  danƍ  ceƚƚe  ƚhèƍe˯  a  conƍiƍƚé  en  l̑alignemenƚ  deƍ  IRMƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomiƄƢeƍ  de  chacƢn  deƍ  ƍƢjeƚƍ  de  la  baƍe  de  donnéeƍ  BIL͇GIN   ˾MAZʤʩ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

noƅmaliƍéeƍ   ƹeƅƍ   Ƣn   deƍ   gabaƅiƚƍ   de   l̑eƍƂace   MNI˴  ̖

Il  eƍƚ  imƂoƅƚanƚ  de  noƚeƅ  ƄƢe  ceƍ  aƹancéeƍ  onƚ  égalemenƚ  éƚé  maƅƄƢéeƍ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƹolƢƚion  de  la  noƅmaliƍaƚion  ˮ  oƅiginellemenƚ  ƂƅoƂoƅƚionnelle  à  ʫ  Ƃaƅamèƚƅeƍ˯  elle  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mainƚenanƚ   oƂéƅée   aƹec   deƍ   algoƅiƚhmeƍ   non̆linéaiƅeƍ   eƚ   ƚƅidimenƍionnelƍ    ˾ASHʬʬ˿ ˴  ̖

ʧʫ  Le  premier  gabarit  de  l̑espace  MNI  ne  se  base  pas  sur  un˯  mais  sur  un  ensemble  de  ʦʣʨ  IRM  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cérébraux  d̑individus  sains˴  Cet  espace  a  été  construit  en  deux  étapes  ˹  tout  d̑abord˯  les  ʦʣʨ  sujets  ont  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
été  normalisés  dans  le  référentiel  de  Talairach˯  puis  moyennés  entre  eux  aǏn  de  créer  un  premier  gabarit˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Par  la  suite˯  chacune  des  ʦʣʨ  IRM  a  individuellement  été  alignée  sur  le  premier  gabarit  à  l̑aide  d̑un  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
modèle  d̑alignement  linéaire˴  Ces  ʦʣʨ  cerveaux  ainsi  ré̆alignés  ont  Ǐnalement  été  moyennés  pour  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
produire  le  template  de  l̑espace  MNI  Ǐnal˴  Aujourd̑hui  la  normalisation  vers  l̑espace  stéréotaxique  se  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
fait  par  le  biais  du  template  MNI˴  Les  gabarits  de  l̑espace  MNI  ̀Montreal  Neurological  Institute  ˹  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾EVAʬʦ˿ ́   sont  communément  utilisés˯  notamment  par  les  logiciels  SPM   ˾PENʤʤ˿  et  FSL   ˾SMIʣʧ˿  ˹  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
deux   logiciels   de   référence   en   neuroimagerie   cérébrale˴  ̖

ʧʬ  Il  existe  ʨ  gabarits  se  situant  dans  l̑espace  MNI  ˮ  le  MNIʦʣʨ˯  le  Colinʥʪ˯  le  ICBMʤʨʥ˯  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
MNIʤʨʥ  et  l̑ICBMʧʨʥ˴  Ces  gabarits  diffèrent  par  le  type  de  méthode  d̑alignement  utilisée  pour  les  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
construire˯   le   nombre   de   sujets   utilisés   ou   encore   la   puissance   de   la   machine   IRM   utilisée˴  ̖

ʨʬ  ̖



 ̖

Le  Ƃƅemieƅ  aƚlaƍ  anaƚomiƄƢe  Ƃƅoƹenanƚ  de  donnéeƍ  d̑IRM˯  eƚ  le  ƂlƢƍ  ciƚé  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖50

le  domaine  de  la  neƢƅoimageƅie˯  eƍƚ  l̑aƚlaƍ  AAL  ̀  Automated  Anatomical  Labelling ́   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̖

˾TZOʣʥ˿ ˴  L̑aƚlaƍ  AAL  ̀  FigƢƅe  ʤʦ  ̆   B ́   a  éƚé  conƍƚƅƢiƚ  danƍ  l̑eƍƂace  commƢn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚéƅéoƚaƿiƄƢe  à  Ƃaƅƚiƅ  de  maƅƄƢeƢƅƍ  anaƚomiƄƢeƍ  ƚelƍ  ƄƢe  le  Ƃoƍiƚionnemenƚ  deƍ  ƍillonƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹia  la  délinéaƚion  manƢelle  deƍ  imageƍ  aƿialeƍ  dƢ  gabaƅiƚ  dƢ  ceƅƹeaƢ  de  ƅéféƅence  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖51

l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  de  l̑éƂoƄƢe˴  L̑objecƚif  iniƚial  d̑AAL  éƚaiƚ  de  Ƃeƅmeƚƚƅe  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déƚecƚion  aƢƚomaƚiƄƢe  de  la  localiƍaƚion  anaƚomiƄƢe  deƍ  cooƅdonnéeƍ  ƍƚéƅéoƚaƿiƄƢeƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃicƍ  d̑acƚiƹaƚion  deƍ  ƚâcheƍ  éƹoƄƢéeƍ  en  PET˴  L̑Ƣƍage  d̑AAL  a  enƍƢiƚe  éƚé  déƚoƢƅné  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅ  leƍ  cheƅcheƢƅƍ  ƄƢi  l̑onƚ  Ƣƚiliƍé  ƂoƢƅ  obƚeniƅ  deƍ  donnéeƍ  ƄƢanƚiƚaƚiƹeƍ  ƅégionaleƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢiƍ   ƂoƢƅ   ƅéaliƍeƅ   deƍ   meƍƢƅeƍ   de   connecƚiƹiƚé   céƅébƅale   inƚƅinƍèƄƢe   eƚ   ƍƚƅƢcƚƢƅelle˴   ̖̖

 ̖
FigƢƅe  ʤʦ  ˮ  Rendu  de  la  face  latérale  de  l̑hémisphère  gauche  des  atlas  anatomiques  obtenus  à  partir  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
la  gyriǏcation˴   A˴   ʤʫ ème  coupe  sagittale  de  l̐hémisphère  gauche  de  l̐atlas  de  Talairach   ˽TALʨʩ˾ ˳   B˴  ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖
Rendu  en  volume  de  l˷hémisphère  gauche  de  l̐atlas  AAL   ˽TZO0ʤ˾ ˳   C˴   Rendu  en  surface  de  l˷hémisphère  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕
gauche  de  l̐atlas  Desikan   ˽DES0ʨ˾ ˳   D˴   Rendu  en  surface  de  l˷hémisphère  gauche  de  l̐atlas  Destrieux  ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽DESʣ0˾ ˳     E˴     Rendu   en   surface   de   l˷hémisphère   gauche   du   MarsAtlas    ˽AUZʣʨ˾ ˳  ̖

La  miƍe  aƢ  Ƃoinƚ  d̑Ƣne  méƚhode  de  déƂloiemenƚ  dƢ  coƅƚeƿ   ˾ESSʬʫ˿  a  ƅeƂƅéƍenƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣn  ƚoƢƅnanƚ  danƍ  l̑analǀƍe  deƍ  donnéeƍ  anaƚomiƄƢeƍ  ƄƢi  ƍ̑eƍƚ  accomƂagné  de  la  miƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢ  Ƃoinƚ  d̑aƚlaƍ  ƍƢƅfaciƄƢeƍ  ̀  ˾DESʣʩ˿ ˯   ˾DESʤʣ˿  eƚ   ˾AUZʤʩ˿ ́ ˴  SƢƅ  le  Ƃlan  anaƚomiƄƢe˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  méƚhodeƍ  ƍƢƅfaciƄƢeƍ  Ƃeƅmeƚƚenƚ  de  calcƢleƅ  l̑éƂaiƍƍeƢƅ  coƅƚicale  eƚ  la  ƍƢƅface  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƚicale  de  manièƅe  indéƂendanƚe˴  SƢƅ  le  Ƃlan  foncƚionnel˯  le  Ƃaƍƍage  d̑Ƣne  analǀƍe  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʨ0  Avec  plus  de  ʨ  ʣʣʣ  citations˯  l̑atlas  AAL  publié  en  ʥʣʣʥ  est  le  plus  cité  de  la  revue  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
NeuroImage˴  C̑est  le  second  article  le  plus  cité  du  CEA  depuis  ʤʬʪʨ  parmi  ʤʤʨ  ʣʣʣ  publications ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
référencées   sur   Web   of   Science    ˾LERʤʩ˿ ˴  ̖

ʨ1  Ce  gabarit  cérébral  a  été  obtenu  à  partir  de  l˸acquisition  IRM  d˸un  ̎ jeunȅ  homme  dont  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cerveau   a   été   scanné   ʥʪ   fois˴  ̖

ʩʣ  ̖



 ̖

ƹolƢme  à  Ƣne  analǀƍe  en  ƍƢƅface  Ƃeƅmeƚ  Ƣne  meilleƢƅe  déǏniƚion  eƚ  ƄƢanƚiǏcaƚion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍignal  deƍ  ƅégionƍ  ƍe  ƍiƚƢanƚ  aƢ  fond  deƍ  ƍillonƍ  céƅébƅaƢƿ  ˾BROʥʣ˿ ˯  ce  ƄƢi  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂaƅƚicƢlièƅemenƚ  Ƣƚile  loƅƍ  de  l̑éƚƢde  de  l̑oƅganiƍaƚion  ƅéƚinoƚoƂiƄƢe  dƢ  coƅƚeƿ  ƹiƍƢel  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅ  eƿemƂle  ̀  ˾ABDʤʧ˿  eƚ   ˾GLAʤʩ˿ ́˴  Leƍ  aƚlaƍ  de  Deƍikan   ˾DESʣʩ˿  ̀  FigƢƅe  ʤʦ  ̆   C ́   eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  DeƍƚƅieƢƿ   ˾DESʤʣ˿  ̀  FigƢƅe  ʤʦ  ̆   D ́  Ƃeƅmeƚƚenƚ  d̑idenƚiǏeƅ  aƢƚomaƚiƄƢemenƚ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢellemenƚ  leƍ  ROIƍ  anaƚomiƄƢeƍ  à  Ƃaƅƚiƅ  de  la  ƍƢƅface  coƅƚicale  aƂƅèƍ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂƅenƚiƍƍage  à  l̑aide  d̑Ƣn  modèle  Ƃƅobabiliƍƚe  de  Maƅkoƹ  caché  de  la  labéliƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅelaƚiƹe  de  chaƄƢe  ƹoƿel  Ƃaƅ  ƅaƂƂoƅƚ  aƢƿ  aƢƚƅeƍ   ˾FISʣʧb˿ ˴  Finalemenƚ˯  le  MaƅƍAƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾AUZʤʩ˿  ̀  FigƢƅe  ʤʦ  ̆   E ́   conƍƚƅƢiƚ  ƍa  Ƃaƅcelliƍaƚion  à  Ƃaƅƚiƅ  d̑Ƣn  ƍǀƍƚème  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cooƅdonnéeƍ  Ƃolaiƅeƍ  de  l̑oƅganiƍaƚion  coƅƚicale  deƍ  ƍillonƍ  céƅébƅaƢƿ  danƍ  l̑oƂƚiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑éƚƢdieƅ  l̑inƚégƅaƚion  deƍ  donnéeƍ  foncƚionnelleƍ  mƢlƚimodaleƍ˴  Conƚƅaiƅemenƚ  à  ƍeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍemblableƍ˯  le  MaƅƍAƚlaƍ  foƢƅniƚ  Ƣne  noƢƹelle  ƹiƍion  de  la  caƅƚogƅaƂhie  céƅébƅale  en  ƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

baƍanƚ   ƍƢƅ   l̑emƂlacemenƚ   deƍ   ƍillonƍ   coƅƚicaƢƿ˴  ̖

TabōeaƢ   ʥ   ˮ    Caractéristiques   des   atlas   anatomiques   obtenus   à   partir   de   la   substance   blanche˴  ̖

 ̕ ˾ZHUʤʦ˿  ̖ ˾FANʤʩ˿  ̖

N Individus  ̕ ʤʤ   ̦    ʥʦ   ̦    ʥʣ   ̦ ʫʬ   ̪    ʤʧʦ  ̖ ʫʣ  ̖

Données  ̕ individuelles  ̖ individuelles   et   moyennes  ̖

Âge    ̀annéeś  ̖ ʤʤ   ̆    ʫʬ  ̖ ʤʪ   ̆    ʦʨ  ̖

Appareil   IRM  ̕ ʦ   T   General   Electrics   ̀multiples  ̖
appareilś  ̖ ʦ   T   Siemens  ̖

Type   de   morphométrie  ̕ volume  ̖ volume  ̖

Méthode   de   construction   de  ̕
l̐atlas  ̕

à   partir   d̑un   ensemble   de   connectome  ̖
individuel   ˹   maximisation   de   cohérence  ̖

des   connectomes    ˾ZHUʤʥ˿  ̖
partitionnement   spectral  ̖

Régions   par   hémisphère  ̕ ʤʫʬ  ̖ ʤʥʦ  ̖

Critère   de   sélection   du  ̕
nombre   de   régions  ̕

inspection   visuelle   des   tracts   obtenus   à  ̖
partir   des   repères   corticaux   ̀régionś  ̖ test   V   de   Cramer  ̖

But  ̕ Repères   corticaux   de   connectivité  ̖
anatomique   et   fonctionnelle  ̖

relation   structure   ̆   ̖
fonction  ̖

Un  ƍecond  ƚǀƂe  d̑aƚlaƍ  anaƚomiƄƢe  ƍe  baƍe  ƍƢƅ  l̑imageƅie  de  diffƢƍion˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

L̑imageƅie  de  diffƢƍion  donne  Ƣn  indice  de  l̑oƅienƚaƚion  deƍ  Ǐbƅeƍ  de  la  ƍƢbƍƚance  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

blanche  à  Ƃaƅƚiƅ  dƢ  moƢƹemenƚ  deƍ  molécƢleƍ  d̑eaƢ  ƄƢi  leƍ  enƚoƢƅenƚ  ̀  cf˳   TableaƢ  ʥ ́ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩʤ  ̖



 ̖

DeƢƿ  aƚlaƍ  ƂeƢƹenƚ  êƚƅe  ciƚéƍ  ˮ  l̑aƚlaƍ  DICCOL  ̀Denƍe  IndiƹidƢaliǊed  and  Common  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Connecƚiƹiƚǀ̆Baƍed  Coƅƚical  Landmaƅkƍ  ˮ   ˾ZHUʤʦ˿ ˯   FigƢƅe  ʤʧ  ̆   A ́  eƚ  l̑aƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Bƅainneƚome  ̀  ˾FANʤʩ˿ ˯   FigƢƅe  ʤʧ  ̆   B ́ ˴  Le  Ƃƅemieƅ  Ƃaƅcelliƍe  le  ceƅƹeaƢ  en  ƅeƂèƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƚicaƢƿ  en  ƅegƅoƢƂanƚ  leƍ  ƹoƿelƍ  en  foncƚion  de  l̑homogénéiƚé  de  leƢƅ  Ƃaƚƚeƅn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅobabiliƍƚe  de  connecƚiƹiƚé  anaƚomiƄƢe˴  Le  ƍecond  combine  leƍ  caƅƚeƍ  de  Ƃƅobabiliƚé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  à  Ƃaƅƚiƅ  de  l̑imageƅie  de  diffƢƍion  aƹec  deƍ  donnéeƍ  de  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelle   obƚenƢeƍ   aƢ   ƅeƂoƍ   ƂoƢƅ   Ƃaƅcelliƍeƅ   le   coƅƚeƿ   en   ʤʥʦ   ROIƍ   Ƃaƅ   hémiƍƂhèƅe˴  ̖

 ̖
FigƢƅe  ʤʧ  ˮ  Rendu  de  la  face  latérale  de  l̑hémisphère  gauche  des  atlas  anatomiques  obtenus  à  partir  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
la  substance  blanche˴   A˴   Localisation  dans  l̐espace  MNI  des  centres  de  masse  des  ʣʪʫ  régions  de  l̐atlas  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
DICCCOL    ˽ZHUʣʥ˾ ˳    B˴     Rendu   en   volume   de   l˷hémisphère   gauche   du   Brainnetome   Atlas    ˽FANʣʨ˾ ˳   ̕̕

Il  faƢƚ  noƚeƅ  l̑eƿiƍƚence  d̑Ƣn  aƚlaƍ  ƅécenƚ˯  eƿƚƅêmemenƚ  noƹaƚeƢƅ˯  eƚ  conƍƚƅƢiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƹec  leƍ  ƚechnologieƍ  anaƚomiƄƢeƍ  eƚ  infoƅmaƚiƄƢeƍ  de  Ƃoinƚe  ƄƢi  deƹƅaiƚ  accomƂagneƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  déƹeloƂƂemenƚ  de  l̑imageƅie  à  ƚƅèƍ  haƢƚe  ƅéƍolƢƚion  ̀  FigƢƅe  ʤʨ ́˴  Ceƚ  aƚlaƍ  eƍƚ  baƍé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ  Ƣn  ƍeƢl  ceƅƹeaƢ  hƢmain  caƅƚogƅaƂhié  à  ƚƅèƍ  haƢƚe  ƅéƍolƢƚion  ̀ʥʣ  micƅomèƚƅeƍ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ConçƢ  danƍ  le  cadƅe  dƢ  Ƃƅojeƚ  BigBƅain   ˾AMUʤʦ˿ ˯  il  ƹiƍe  à  foƢƅniƅ  à  la  commƢnaƢƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅoƍcienƚiǏƄƢe  la  ƅeconƍƚƅƢcƚion  ʦD  de  ʪ  ʧʣʧ  coƢƂeƍ  hiƍƚologiƄƢeƍ  nƢméƅiƍéeƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅƹeaƢ   d̑Ƣn   homme   de   ʩʨ   anƍ˯   Ƃlacé   danƍ   l̑eƍƂace   commƢn˴  ̖

 ̖

ʩʥ  ̖



 ̖

 ̖
FigƢƅe  ʤʨ  ˮ  Illustration  de  l̑atlas  BigBrain  ˮ  élaboration  des  contours  d̑une  ROI  dans  le  cortex  frontal˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
A˴   Rendu  surfacique  de  la  reconstruction  ʥD  du  cerveau  du  projet  BigBrain˳  La  croix  jaune  correspond  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
à  la  région  cible  pour  l̐élaboration  de  la  ROI˳   B˴  Section  coronale  de  la  ʨ  ʩ0ʦ ème  coupe  histologique˳   C˴  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Reconstruction  ʥD  axiale  de  la  ʤ  ʩʦ0 ème  section  histologique  et  reconstruction  sagittale  de  la  ʥ  ʧʪʪ ème  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
section  ˿  D˴ ̀ ˳   E  ̆   F˴  Définition  des  bordures  des  ROIs  correspondant  à  l̐encadré  bleu  en   B˴  et   C˴  En  bleuˮ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
courbe  du  profil  histologique  moyen  de  l̐aire  de  Brodmann  ʥʤˮ  en  vertˮ  celle  de  l̐aire  ʣ0˳  Figure  adaptée ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de    ˽AMUʣʥ˾ ˳  ̕

 ̖

 ̖

ʩʦ  ̖



 ̖

ʥ˴ʤ˴ʥ˴ Leƍ   aƚlaƍ   de   connecƚiƹiƚé   inƚƅinƍèƄƢe  ̖

TabōeaƢ   ʦ   ˮ    Caractéristiques   des   atlas   en   réseaux   de   la   connectivité   intrinsèque˴  ̖

 ̕ ˾POWʤʤ˿  ̖ ˾YEOʤʤ˿  ̖ ˾WANʤʨ˿  ̖ ˾KONʤʬ˿  ̖

N Individus  ̕ ʦʧʣ  ̖ ʤʣʣʣ  ̖ ʥʥʬ  ̖ ʩʣ   ̦    ʦʣ   ̦    ʬʣʣ  ̖
̪   ʬʬʬ  ̖

Données  ̕ moyennes  ̖ individuelles   et  ̖
moyennes  ̖

individuelles   et  ̖
moyennes  ̖

individuelles   et  ̖
moyennes  ̖

Âge    ̀annéeś  ̖ ̎jeunȅ  ̖ ʤʫ   ̆    ʦʨ  ̖ ʤʫ   ̆    ʨʬ  ̖ ʤʫ   ̆    ʦʨ  ̖

IRM  ̕ ʤ˴ʨ   et   ʦT   Siemens  ̖ ʦ   T   Siemens  ̖ ʦ   T   Siemens  ̖ ʦ   T   Siemens   et   GE  ̖

Morphométrie   ̕̕ volume  ̖ surface  ̖ surface  ̖ surface  ̖

Méthode   de  ̕
construction   de  ̕
l̐atlas  ̕

Infomap  ̖
community  ̖

detection    ˾ROSʣʫ˿  ̖

modèle   de   mélange  ̖
de   von  ̖

Mises̆Fisher  ̖
˾LASʤʣ˿  ̖

méthode   de  ̖
˾LASʤʣ˿  ̖

méthode   de  ̖
˾YEOʤʤ˿  ̖

Nombre   de   réseaux  ̕ ʤʧ  ̖ ʪ   ̆    ʤʪ  ̖ ʤʫ  ̖ ʤʪ  ̖

Critère   de   sélection  ̕
du   nombre   de  ̕
régions  ̕

minimisation   de   la  ̖
map   equation  ̖

˾ROSʣʬ˿  ̖

analyse   de   la  ̖
stabilité   ˮ    model  ̕

explorer   algorithm  ̖
˾BENʣʤ˿  ̖

arrêt   lorsque   ʬʫ̾  ̖
des   voxels   ne  ̖

changent   plus   de  ̖
réseau  ̖

méthode   de  ̖
˾YEOʤʤ˿  ̖

But  ̕

topographie   de  ̖
l̑organisation  ̖

cérébrale  ̖
fonctionnelle  ̖

topographie   de  ̖
l̑organisation  ̖

cérébrale  ̖
fonctionnelle  ̖

topographie   de  ̖
l̑organisation  ̖
cérébrale   au  ̖

niveau   individuel  ̖

topographie   de  ̖
l̑organisation  ̖
cérébrale   au  ̖

niveau   individuel  ̖

Un  ceƅƚain  nombƅe  d̑aƚlaƍ  déǏniƍƍenƚ  deƍ  ƅéƍeaƢƿ  inƚƅinƍèƄƢeƍ  en  foncƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƢƅ  homogénéiƚé  en  ƚeƅmeƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  ̀  ˾POWʤʤ˿ ˯   ˾YEOʤʤ˿ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖52

˾WANʤʨ˿  eƚ   ˾KONʤʬ˿ ˯   FigƢƅe  ʤʩ ˯   TableaƢ  ʦ ́ ˴  Leƍ  ROIƍ  de  ceƍ  aƚlaƍ  coƅƅeƍƂondenƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƅéƍeaƢƿ  foncƚionnelƍ  à  laƅge  échelle˴  L̑objecƚif  de  l̑élaboƅaƚion  de  ceƍ  aƚlaƍ  eƍƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƂondƅe  à  la  ƄƢeƍƚion  de  la  ƚoƂogƅaƂhie  de  l̑oƅganiƍaƚion  céƅébƅale˯  ƄƢe  ce  ƍoiƚ  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

niƹeaƢ  indiƹidƢel  oƢ  moǀen˯  en  éƚƢdianƚ  noƚammenƚ  la  ƚƅanƍmiƍƍion  de  l̑infoƅmaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅe  leƍ  difféƅenƚƍ  ƅéƍeaƢƿ  ƄƢe  ce  ƍoiƚ  cheǊ  l̑indiƹidƢ  ƍain˯  ƹia  Ƃaƅ  eƿemƂle  l̑éƚƢde  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  de  la  connecƚiƹiƚé   ˾MUEʤʦ˿ ˯  oƢ  cheǊ  l̑indiƹidƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂaƚhologiƄƢe˯  comme  Ƃaƅ  eƿemƂle  la  caƅacƚéƅiƍaƚion  de  la  connecƚiƹiƚé  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢeƍ   deƍ   ƚƅoƢbleƍ   déƂƅeƍƍifƍ    ˾KAIʤʨ˿ ˴   ̖̖

ʨ2   i˳e˳  quels  sont  les  regroupements  de  voxels  partageant  le  même  proǏl  de  connectivité  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
intrinsèque   avec   le   reste   des   voxels   du   cerveau˴  ̖

ʩʧ  ̖



 ̖

 ̖
FigƢƅe  ʤʩ  ˮ  Rendu  des  atlas  en  réseaux  de  la  connectivité  intrinsèque˴   A˴   Rendu  en  surface  des  ʣʦ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕
réseaux  de  l˷hémisphère  gauche  de   ˽POWʣʣ˾ ˳   B˴   Rendu  en  surface  des  ʩ  réseaux  de  l˷hémisphère  gauche  ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de   ˽YEOʣʣ˾ ˳   C˴   Rendu  en  surface  des  ʣʪ  réseaux  de  l˷hémisphère  gauche  de   ˽WANʣʧ˾ ˳   D˴   Rendu  en  ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕
surface   des   ʣʩ   réseaux   de   l˷hémisphère   gauche   de    ˽KONʣʫ˾ ˳  ̖

TabōeaƢ   ʧ   ˮ    Caractéristiques   des   atlas   en   régions   de   la   connectivité   intrinsèque˴  ̖

 ̕ ˾CRAʤʥ˿  ̖ ˾SHEʤʦ˿  ̖ ˾JOLʤʨ˿  ̖ ˾GORʤʩ˿  ̖ ˾SCHʤʫ˿  ̖ ˾URCʤʬ˿  ̖

N Individus  ̕ ʧʤ  ̖ ʪʬ  ̖ ʥʫʤ  ̖ ʤʥʣ  ̖ ʤʧʫʬ  ̖ ʤʬʫ  ̖

Données  ̕ individuelles  ̖
et   moyennes  ̖

individuelles  ̖
et   moyennes  ̖

individuelles  ̖
et   moyennes  ̖ moyennes  ̖ individuelles  ̖

et   moyennes  ̖
individuelles  ̖
et   moyennes  ̖

Âge    ̀annéeś  ̖ ʤʫ   ̆    ʨʨ  ̖ ̆  ̖ ʤʫ   ̆    ʨʪ  ̖ ʤʬ   ̆    ʦʥ  ̖ ʤʫ   ̆    ʦʨ  ̖ ʤʫ   ̆    ʦʣ  ̖

IRM  ̕ ʦ   T   Siemens  ̖ ʦ   T   Siemens  ̖ ʦ   T   Philips  ̖ ʦ   T   Siemens  ̖ ʦ   T   Siemens  ̖ ʦ   T   Siemens  ̖

Morphométrie ̕ volume  ̖ volume  ̖ volume  ̖ surface   et  ̖
volume  ̖

surface   et  ̖
volume  ̖ volume  ̖

Méthode   de  ̕
construction  ̕
de   l̐atlas  ̕

spatially  ̕
constrained  ̕

n̅cut  ̕
parcellisation ̕

K̅way  ̕
spectral  ̕

clustering  ̕

réseaux   ˮ  ̖
ICA˯   ROI   ˮ  ̖
k̆moyenne  ̖

gradient  ̕
based  ̕

parcellisation ̕

Markov  ̕
model  ̖

pondéré   par  ̖
gradient ̖

bootstrap  ̕
analysis   of  ̕

stable  ̕
clusters ̕

Régions   par  ̕
hémisphère  ̕

ʥʣʣ   ̆    ʩʣʣ   ̆   ̖
ʤʣʣʣ  ̖ ʧʪ   ̆    ʬʧ   ̆    ʤʧʣ ̖ ʤʬʥ  ̖ ʤʪʫ  ̖

ʤʣʣ   ̆    ʥʣʣ   ̆   ̖
ʧʣʣ   ̆    ʩʣʣ   ̆   ̖
ʫʣʣ   ̆    ʤʣʣʣ  ̖

ʪ   ̆    ʤʥ   ̆    ʥʣ   ̆   ̖
ʦʩ   ̆    ʩʧ   ̆    ʤʥʥ  ̖
̆   ʤʬʪ   ̆    ʥʤʣ   ̆   ̖

ʦʥʨ   ̆    ʧʧʧ  ̖

Critère   de  ̕
sélection   du  ̕
nombre   de  ̕
régions  ̕

minimisation  ̖
de   la   fonction  ̖

de   coût   de  ̖
l˸algorithme ̖ʨ3

jointly  ̖
optimiǊes   the  ̖
group   and   the  ̖

individual ̖
parcellisation ̖

index   de  ̖
Rand  ̖

inspection  ̖
visuelle  ̖

graph   cut  ̕
optimization  ̖

˾DELʤʣ˿  ̖

maximisation  ̖
de   la   mesure  ̖
de   stabilité  ̖

But  ̕
connectivité  ̖
fonctionnelle  ̖

̀CF́ ̖

CF   ̦   ̖
application  ̖
théorie   des  ̖

graphes  ̖

étude   de   la  ̖
SH   ̦   ̖

homotopie  ̖

homogénéité  ̖
des   régions   ̦   ̖
recouvrement  ̖

CT  ̖ʨʧ

homogénéité  ̖
des   régions   et  ̖
recouvrement  ̖

CT  ̕

CF  ̖

ʨ3  poids   des   arêtes   reliant   deux   clusters   minimum  ̖
ʨʧ  CT   ˮ   aires   CyToarchitectoniques˴  ̖

ʩʨ  ̖



 ̖

Danƍ  la  ƂeƅƍƂecƚiƹe  d̑obƚeniƅ  deƍ  aƚlaƍ  ƂlƢƍ  Ǐnƍ  en  ƚeƅmeƍ  de  ƅéƍolƢƚion˯  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  deƍ  ƅégionƍ  foncƚionnelleƍ  onƚ  éƚé  déƹeloƂƂéƍ  ̀  ˾CRAʤʥ˿ ˯  ˾SHEʤʦ˿ ˯  ˾JOLʤʨ˿ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾GORʤʩ˿ ˯  ˾SCHʤʫ˿   eƚ  ˾URCʤʬ˿ ˯   FigƢƅe  ʤʪ ˯   TableaƢ  ʧ ́   donƚ  leƍ  ROIƍ  ƍonƚ  déǏnieƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme  deƍ  enƍembleƍ  de  ƹoƿelƍ  Ƃaƅƚageanƚ  la  même  connecƚiƹiƚé  inƚƅinƍèƄƢe˯   i˳e˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂaƅƚenanƚ  aƢƿ  mêmeƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ˯  ƍƢbdiƹiƍéƍ  en  ƅégionƍ  foncƚionnellemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

homogèneƍ˴  Ceƍ  aƚlaƍ  onƚ  ƂoƢƅ  bƢƚ  l̑éƚƢde  de  la  connecƚiƹiƚé  foncƚionnelle  ƹia  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

noƚammenƚ   l̑aƂƂlicaƚion   de   la   ƚhéoƅie   deƍ   ƅéƍeaƢƿ˴  ̖

 ̖
FigƢƅe  ʤʪ  ˮ  Rendu  des  atlas  en  régions  de  la  connectivité  intrinsèque˴   A˴   Coupe  sagittale  ˿z MNI  ̩   0  mm̀  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕
de  l̐hémisphère  gauche  de  l̐atlas  de   ˽CRAʣʤ˾ ˳   B˴   Rendu  en  volume  de  l˷hémisphère  gauche  de  l̐atlas  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽SHEʣʥ˾ ˳   C˴   Rendu  en  volume  de  l˷hémisphère  gauche  de  l̐atlas  AICHA   ˽JOLʣʧ˾ ˳   D˴   Rendu  en  surface  ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕
de  l˷hémisphère  gauche  de  l̐atlas  de   ˽GORʣʨ˾ ˳   E˴   Rendu  en  surface  de  l˷hémisphère  gauche  de  l̐atlas  de  ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽SCHʣʪ˾ ˳     F˴     Coupe   sagittale   ˿z MNI    ̩    ̅ʣ0   mm̀   de   l̐hémisphère   gauche   de   l̐atlas   MIST    ˽URCʣʫ˾ ˳  ̕

L̑aƚlaƍ  AICHA  ̀  ˾JOLʤʨ˿ ˯   FigƢƅe  ʤʪ  ̆   C ́   eƍƚ  Ƣn  aƚlaƍ  ƢniƄƢe  en  ƍon  genƅe  ƄƢi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅcelliƍe  leƍ  ƅégionƍ  coƅƚicaleƍ  eƚ  ƍoƢƍ̆coƅƚicaleƍ  en  ƅégionƍ  d˸inƚéƅêƚ  foncƚionnellemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

homoƚoƂeƍ  ˮ  hROIƍ  ̀  cf˳   ʤ˴ʥ˴ʥ˴ʦ  Eƚaƚ  de  ƅeƂoƍ  eƚ  oƅganiƍaƚion  céƅébƅale ˯  ƂoƢƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déǏniƚion  de  l̑homoƚoƂié˴  La  Ƃaƅcelliƍaƚion  d̑AICHA  eƍƚ  baƍée  ƍƢƅ  leƍ  donnéeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe  indiƹidƢelle  de  ʥʫʤ  ƍƢjeƚƍ  de  la  baƍe  de  donnéeƍ  BIL͇GIN  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾MAZʤʩ˿ ˴  Leƍ  ƂaƅagƅaƂheƍ  ƍƢiƹanƚƍ  Ƃƅéƍenƚenƚ  leƍ  éƚaƂeƍ  de  la  conƍƚƅƢcƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅcelliƍaƚion   d̑AICHA   ̀  FigƢƅe   ʤʫ ́˴  ̖

ʩʩ  ̖



 ̖

 ̖
FigƢƅe  ʤʫ  ˮ  Principales  étapes  de  la  construction  de  l˸atlas  AICHA˴   A˴   Un  rendu  ʥD  ou  axial  des  ʥʦ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕
réseaux  d˷état  de  repos  identifiés  par  MICCA  ˿  ˽NAVʣʤ˾ ˮ  SM  ˭  Sensori̅moteurˮ  FPT  ˭  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Fronto̅pariéto̅temporalˮ  V̅A  ˭  Visuel̅Auditifˮ  Sub̅Med  ˭  Sous̅cortical  et  médial̀˳   B˴   Illustration  du  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕
profil  de  connectivité  d˷un  voxel˳   C˴   Sélection  de  la  parcellisation  optimale  à  l˷aide  de  l˷indice  de  Rand˳  ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
La  ligne  verticale  en  pointillés  indique  la  valeur  optimale  du  nombre  n  de  ROI˳   D˴   Parcellisation  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕
optimale˳   E˴   Parcellisation  optimale  après  la  séparation  hémisphérique˳   F˴   Règles  pour  la  détermination  ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕
et  le  regroupement  en  paire  de  régions  homotopiques˳   G˴   Parcellisation  homotopique  ˿ la  même  couleur  est  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕
utilisée   pour   les   régions   homotopiques̀˳   Figure   adaptée   de    ˽JOLʣʧ˾ ˳  ̖

La  Ƃaƅcelliƍaƚion  ƍe  baƍe  ƍƢƅ  la  déǏniƚion˯  cheǊ  chaƄƢe  indiƹidƢ˯  de  ʦʧ  ƅéƍeaƢƿ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ  ƅeƂoƍ  ̀  FigƢƅe  ʤʫ  ̆   A ́  aƹec  l̑algoƅiƚhme  MICCA  ̀  cf˳   Noƚe  de  baƍ  de  Ƃage  n͍ʦʦ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾NAVʤʥ˿ ́˴  ChacƢn  deƍ  ƹoƿelƍ  aƂƂaƅƚenanƚ  à  la  ƍƢbƍƚance  gƅiƍe  Ƃoƍƍède  aloƅƍ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

emƂƅeinƚe  faiƍanƚ  éƚaƚ  de  ƍon  ƂƅoǏl  ƹecƚoƅiel  à  ƚƅaƹeƅƍ  leƍ  ʦʧ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ̀  FigƢƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʫ  ̆   B ́ ˴  L̑algoƅiƚhme  deƍ   k̅means  Ƃeƅmeƚ  enƍƢiƚe  de  ƅegƅoƢƂeƅ  enƚƅe  eƢƿ  leƍ  ƹoƿelƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aǀanƚ  Ƣn  ƂƅoǏl  ƍimilaiƅe  à  ƚƅaƹeƅƍ  leƍ  ʦʧ  ƅéƍeaƢƿ  ˮ  l̑indeƿ  de  Rand  ̀  FigƢƅe  ʤʫ  ̆   C ́   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

condƢiƚ  à  Ƣne  Ƃaƅcelliƍaƚion  deƍ  ʤʧʧ  ʥʤʩ  ƹoƿelƍ  en  ʤʪʨ  ROIƍ  ̀  FigƢƅe  ʤʫ  ̆   D ́˴  Leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƢƿ  hémiƍƂhèƅeƍ  ƍonƚ  enƍƢiƚe  déconnecƚéƍ  en  éliminanƚ  leƍ  ƹoƿelƍ  cheƹaƢchanƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍciƍƍƢƅe  inƚeƅ̆hémiƍƂhéƅiƄƢe˴  L̑algoƅiƚhme  deƍ   k̅means  n̑aǀanƚ  Ƃaƍ  de  conƚƅainƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩʪ  ̖



 ̖

ƍƂaƚiale˯  leƍ  ƹoƿelƍ  iƍoléƍ  onƚ  éƚé  gƅoƢƂéƍ  aƹec  leƍ  ƹoƿelƍ  de  la  ROI  la  ƂlƢƍ  Ƃƅoche  aƹec  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

laƄƢelle  il  Ƃaƅƚageaiƚ  le  maƿimƢm  de  ƹoiƍinƍ˴  Ceƍ  éƚaƂeƍ  onƚ  condƢiƚ  à  l̑idenƚiǏcaƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʥʥʤ   ROIƍ   danƍ   l̑hémiƍƂhèƅe   gaƢche   eƚ   ʥʦʬ   danƍ   le   dƅoiƚ   ̀  FigƢƅe   ʤʫ   ̆    E ́ ˴   ̖̖

La  deƅnièƅe  éƚaƂe  de  la  conƍƚƅƢcƚion  de  l̑aƚlaƍ  ƍ̑aƂƂƢie  ƍƢƅ  le  faiƚ  ƄƢe  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖55

connecƚiƹiƚé  inƚeƅ̆hémiƍƂhéƅiƄƢe  homoƚoƂe  eƍƚ  la  ƂlƢƍ  foƅƚe  ̀  ˾STAʣʫ˿ ˯   FigƢƅe  ʤʤ  ̆   C ́ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Le  décoƢƅƍ  ƚemƂoƅel  dƢ  ƍignal  BOLD  de  l̑éƚaƚ  de  ƅeƂoƍ  eƍƚ  aloƅƍ  calcƢlé  danƍ  chacƢne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ʧʩʣ  ROIƍ  cheǊ  leƍ  ʥʫʤ  ƍƢjeƚƍ˴  PoƢƅ  chaƄƢe  ƅégion  idenƚiǏée˯  ƍa  ƅégion  homoƚoƂe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƚ  idenƚiǏée  comme  éƚanƚ  la  ƅégion  conƚƅolaƚéƅale  ̀  i˳e˳  danƍ  l̑hémiƍƂhèƅe  oƂƂoƍé́  ƄƢi  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  coefǏcienƚ  de  coƅƅélaƚion  de  Peaƅƍon  inƚeƅ̆hémiƍƂhéƅiƄƢe  moǀen  maƿimal  enƚƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢjeƚƍ˴  La  ƅelaƚion  d̑homoƚoƂie  a  ainƍi  éƚé  déǏnie  en  deƢƿ  éƚaƂeƍ  ̀  FigƢƅe  ʤʫ  ̆   F ́ ˴  La  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅemièƅe  éƚaƂe˯  éƚabliƍƍanƚ  l̑homoƚoƂie  ƅégionale˯  déǏniƚ  deƢƿ  ROIƍ  homoƚoƂeƍ  ƍi  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅélaƚion  ƚemƂoƅelle  enƚƅe  A  eƚ  B  eƍƚ  bijecƚiƹemenƚ  maƿimale  eƚ  ƄƢ̑aƢcƢne  aƢƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégion  n̑a  de  coƅƅélaƚion  maƿimale  aƹec  A  oƢ  B˴  Ceƚƚe  Ƃƅemièƅe  éƚaƂe  condƢiƚ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑idenƚiǏcaƚion  de  ʤʦʪ  Ƃaiƅeƍ  de  ROIƍ  homoƚoƂeƍ  ˮ  ʫʧ  ROIƍ  danƍ  l̑hémiƍƂhèƅe  gaƢche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  ʤʣʥ  danƍ  le  dƅoiƚ  n̑aǀanƚ  aloƅƍ  Ƃaƍ  de  conƚƅeƂaƅƚie  homologƢe˴  La  deƢƿième  éƚaƂe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conceƅne  le  caƍ  oƩ  ʥ  ROIƍ  ˮ  B  eƚ  C˯  onƚ  Ƣne  coƅƅélaƚion  inƚeƅ̆hémiƍƂhéƅiƄƢe  maƿimale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƹec  A˴  Si  B  eƚ  C  ƍonƚ  adjacenƚeƍ  eƚ  ƄƢe  la  coƅƅélaƚion  inƚeƅ̆hémiƍƂhéƅiƄƢe  de  A  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƿimale  aƹec  B  oƢ  C˯  aloƅƍ  B  eƚ  C  ƍonƚ  ƅegƅoƢƂéeƍ  eƚ  la  Ƃaiƅe  ̀A  ˹  B  ⋃  Ć  eƍƚ  déǏnie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme   Ƃaiƅe   homoƚoƂe   ƍi   elle   ƅemƂliƚ   leƍ   condiƚionƍ   de   bijecƚion   de   la   Ƃƅemièƅe   éƚaƂe˴   ̖̖

La  Ƃaƅcelliƍaƚion  ƅéƍƢlƚanƚe  ˮ   Atlas  of  Inter̅Connected  Homotopic  Area  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̖

̀AICHÁ˯  eƍƚ  Ƃƅéƍenƚée   FigƢƅe  ʤʬ  eƚ  condƢiƚ  à  la  cƅéaƚion  de  ʤʬʥ  Ƃaiƅeƍ  de  ROIƍ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

homoƚoƂeƍ  ̀hROIƍ́  Ƃaƅ  hémiƍƂhèƅe˴  AICHA  eƍƚ  Ƣn  aƚlaƍ  ƄƢi  a  éƚé  ƍƂécialemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍƚƅƢiƚ  ƂoƢƅ  l̑éƚƢde  de  la  ƍƂécialiƍaƚion  hémiƍƂhéƅiƄƢe  ƂƢiƍƄƢ̑il  Ƃeƅmeƚ  de  calcƢleƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  aƍǀméƚƅieƍ  danƍ  deƍ  ƅégionƍ  foncƚionnellemenƚ  homogèneƍ  eƚ  homoƚoƂeƍ  d̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhèƅe   à   l̑aƢƚƅe˴  ̖

ʨʨ  L̑étape  consistant  à  rendre  fonctionnellement  homotope  les  deux  hémisphères  peut  être  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
appliquée   aux   ROIs   de   n̑importe   quel   atlas˴  ̖

ʩʫ  ̖



 ̖

 ̖
FigƢƅe  ʤʬ  ˮ  Rendu  ʦD  des  régions  de  l̑atlas  AICHA  dans  l̑espace  MNI˯  réalisé  à  l̑aide  du  logiciel  Surf  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
Ice˴   Les  lignes  blanches  correspondent  aux  principaux  sillons  cérébraux  utilisées  afin  de  nommer  les  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
hROIs˳   Figure   adaptée   de    ˽JOLʣʧ˾ ˳  ̕

ʥ˴ʤ˴ʦ˴ Aƚlaƍ  foncƚionnel  ƅelaƚif  à  l̑imageƅie  foncƚionnelle  éƹoƄƢée  Ƃaƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ   cogniƚiƹeƍ  ̖

Un  aƚlaƍ  foncƚionnel˯  ƢniƄƢe  en  ƍon  genƅe˯  eƍƚ  baƍé  ƍƢƅ  leƍ  ƚâcheƍ  éƹoƄƢéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ ˾DADʥʣ˿ ˯   FigƢƅe  ʥʣ ˯   TableaƢ  ʨ ́ ˴  Leƍ  ROIƍ  de  l̑aƚlaƍ  ƍonƚ  conƍƚƅƢiƚeƍ  en  foncƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑homogénéiƚé  deƍ  ƹoƿelƍ  ƄƢi  la  comƂoƍe  en  ƚeƅmeƍ  d̑acƚiƹaƚion  aƢ  coƢƅƍ  de  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  cogniƚiƹeƍ˴  Il  eƍƚ  à  noƚeƅ  ƄƢe  leƍ  donnéeƍ  d̑acƚiƹaƚionƍ  Ƃƅoƹiennenƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚăanalǀƍeƍ  à  Ƃaƅƚiƅ  de  la  baƍe  de  donnéeƍ  OƂenNeƢƅo  eƚ  donc  iƍƍƢeƍ  de  gƅoƢƂeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖56

d̑indiƹidƢƍ  difféƅenƚƍ˴  ChacƢne  deƍ  ROIƍ  de  l̑aƚlaƍ  ƍe  ƹoiƚ  aƚƚƅibƢeƅ  Ƣn  ƹecƚeƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚenanƚ  leƍ  foncƚionƍ  cogniƚiƹeƍ  leƍ  ƂlƢƍ  Ƃƅobableƍ  ƄƢi  lƢi  ƍonƚ  aƚƚƅibƢéeƍ  ̀ langage˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚƚenƚion˯  calcƢl  eƚc˴˴˴́˴  Une  ƍƂéciǏciƚé  de  ceƚ  aƚlaƍ  eƍƚ  ƄƢe  ƍeƍ  ROIƍ  ƍe  ƍƢƂeƅƂoƍenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅƚiellemenƚ  ce  ƄƢi  Ƃeƅmeƚ  de  ƅeƍƂecƚeƅ  le  faiƚ  ƄƢ̑Ƣne  ƅégion  céƅébƅale  ƂeƢƚ  êƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂliƄƢée   danƍ   de   mƢlƚiƂleƍ   ƚâcheƍ   cogniƚiƹeƍ˴  ̖

 ̖

 ̖

ʨʩ  OpenNeuro   ˮ    httpsˮ˺˺openneuro˴org ˴  ̖

ʩʬ  ̖
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 ̖

TabōeaƢ   ʨ   ˮ    Caractéristiques   de   l̑atlas   fonctionnel   d̑activation˴  ̖

 ̕ ˾DADʥʣ˿  ̖

N Individus  ̕ ʨʥʥ  ̖

Données  ̕ métăanalyses  ̖

Âge    ̀annéeś  ̖ ̆  ̖

IRM  ̕
ʦ   T   Siemens˯   ʤ˴ʨ   T   Siemens˯   ʦ   T  ̖
General   Electrics˯   ʤ˴ʨ   T   General  ̖

Electrics˯   ʦ   T   Philips  ̖

Morphométrie   ̕̕ volume  ̖

Méthode   de  ̕
construction   de   l̐atlas  ̕ sparse   dictionary   learning  ̕

Régions   par  ̕
hémisphère  ̕ ʦʥ   ̆    ʩʧ   ̆    ʤʥʫ   ̆    ʥʨʩ   ̆    ʨʤʥ  ̖

Critère   de   sélection  ̕
du   nombre   de   régions  ̕

optimisation   de   la   fonction  ̖
d˸apprentissage  ̖

But  ̕
standardiser   l̑analyse   d̑images  ̖

fonctionnelles   pour   les  ̖
métăanalyses  ̖

 ̖

 ̖
FigƢƅe  ʥʣ  ˮ  Rendu  de  l̑atlas  fonctionnel  d̑activation˴   Présentation  de  ʧ  niveaux  de  résolution  différents  ˭  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ʨʦˮ  ʣʤʪˮ  ʤʧʨ  ʧʣʤ  et  ʣ0ʤʦ  régions  d̐intérêts˳  En  bas  à  droite  ˭  zoom  sur  la  résolution  à  ʣ0ʤʦ  ROIs  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
permettant  de  visualiser  le  recouvrement  partiel  des  régions  de  l̐atlas˳  Coupes  sagittales  et  axiales  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
l̐hémisphère   gauche   de   l̐atlas   de    ˽DADʤ0˾ ˳   Figure   adaptée   de    ˽DADʤ0˾ ˳  ̖

 ̖

ʪʣ  ̖



 ̖

ʥ˴ʤ˴ʧ˴ Leƍ   aƚlaƍ   mƢlƚimodaƢƿ  ̖

TabōeaƢ   ʩ   ˮ    Caractéristiques   des   atlas   multĭmodaux˴  ̖

 ̕ ˾DIEʤʨ˿  ̖ ˾JAMʤʩ˿  ̖ ˾GLAʤʩ˿  ̖

N Individus  ̕ ʤʥ  ̖ ʥʬ  ̖ ʧʧʬ  ̖

Données  ̕ moyennes  ̖ individuelles   et   moyennes  ̖ individuelles   et  ̖
moyennes  ̖

Âge    ̀annéeś  ̖ ʥʧ   ̆    ʧʩ  ̖ ʥʣ   ̆    ʨʣ  ̖ ʥʥ   ̆    ʦʨ  ̖

IRM  ̕ ʤ˴ʨ   Philips  ̖ ʦ   T   Philips  ̖ ʦ   T   Siemens  ̖

Morphométrie  ̕ volume  ̖ volume  ̖ surface  ̖

Méthode   de  ̕
construction   de  ̕
l̐atlas  ̕

spatially   constrained   n̅cut  ̕
parcellation    pour   identiǏcation  ̖
des   régions˯   puis   classiǏcation  ̖
ascendante   hiérarchique   pour  ̖ʨʪ

identiǏcation   des   réseaux  ̖

spatially   constrained  ̕
n̅cut   parcellation  ̖

gradient   avec    a   priori  ̖
anatomique˯  ̖
perceptron  ̖

multicouche  ̖ʨʫ

Régions   par  ̕
hémisphère  ̕ ʥʣ  ̖ ʤʤʣ  ̖ ʤʫʣ  ̖

Critère   de  ̕
sélection   du  ̕
nombre   de  ̕
régions  ̕

optimisation   de   la   modularité  ̖
entre   réseaux    ˾GIRʣʥ˿  ̖

minimisation   de   la  ̖
fonction   de   coût   de  ̖

l˸algorithme   ̀poids   des  ̖
arêtes   reliant   deux  ̖
clusters   minimuḿ  ̖

inspection   visuelle   des  ̖
gradients  ̖

But  ̕ relation   connectivité  ̖
structurelle   et   fonctionnelle  ̖

déǏnitions   de   régions  ̖
fonctionnellement  ̖

homogènes   au   cours   de  ̖
différentes   tâches  ̖

organisation   cérébrale  ̖
fonctionnelle   ̦    étude  ̖

variabilité  ̖
interindividuelle  ̖

Leƍ  aƚlaƍ  mƢlƚimodaƢƿ  déǏniƍƍenƚ  Ƣne  ROI  en  inƚégƅanƚ  leƍ  infoƅmaƚionƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚeƍ  modaliƚéƍ  d̑imageƅie  ̀  ˾DIEʤʨ˿ ˯   ˾JAMʤʩ˿  eƚ   ˾GLAʤʩ˿ ˯   FigƢƅe  ʥʤ ˯   TableaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩ ́ ˴   ̖̖

L̑aƚlaƍ  de  DieǊ  ͇   al˴˯  combine  l̑imageƅie  de  ƅeƂoƍ  eƚ  l̑imageƅie  de  diffƢƍion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ ˾DIEʤʨ˿ ˯   FigƢƅe  ʥʤ  ̆   A ́˴  Ceƚ  aƚlaƍ  déǏniƚ  deƍ  ƅéƍeaƢƿ  en  ƅegƅoƢƂanƚ  deƍ  ROIƍ  donƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  limiƚeƍ  ƍonƚ  calcƢléeƍ  en  ƅegƅoƢƂanƚ  leƍ  ƹoƿelƍ  foncƚionnellemenƚ  homogèneƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀d̑aƂƅèƍ  leƢƅ  maƚƅice  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  l̑éƚaƚ  de  ƅeƂoƍ́  à  l̑aide  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑algoƅiƚhme   n̅cut  ƍƂaƚialemenƚ  conƚƅainƚ  Ƃaƅ  leƢƅ  maƚƅice  Ƃƅobabiliƍƚe  de  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƅƢcƚƢƅelle  de  la  ƍƢbƍƚance  blanche˴  L̑aƚlaƍ  de  Jameƍ  ͇   al˴  combine  la  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʨʪ  Dissimilarité   cosinus   utilisée   pour   la   classiǏcation   ascendante   hiérarchique˴  ̖
ʨʫ  Le  perceptron  multicouche  est  utilisé  pour  optimiser  la  position  du  contour  des  régions  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fonction   de   leur   probabilité   de   présence   à   travers   les   sujets˴   ̖̖

ʪʤ  ̖



 ̖

inƚƅinƍèƄƢe  aƹec  leƍ  ƅéƍƢlƚaƚƍ  deƍ  acƚiƹaƚionƍ  obƚenƢeƍ  aƢ  coƢƅƍ  d̑Ƣn  enƍemble  de  ʬ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ   cogniƚiƹeƍ   ̀  ˾JAMʤʩ˿  ˯    FigƢƅe   ʥʤ   ̆    B ́ ˴   ̖̖ʨʬ

Le  deƅnieƅ  aƚlaƍ  eƍƚ  celƢi  de  Glaƍƍeƅ  ͇   al˴  ƄƢi  eƍƚ  le  ƍeƢl  à  combineƅ  Ƣn  laƅge  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƍemble  de  modaliƚéƍ  diƍƂonibleƍ  en  IRM˴  Il  effecƚƢe  ƍa  Ƃaƅcelliƍaƚion  à  Ƃaƅƚiƅ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiableƍ  anaƚomiƄƢeƍ  inclƢanƚ  l̑éƂaiƍƍeƢƅ  coƅƚicale˯  la  ƍƢƅface  coƅƚicale˯  leƍ  caƅƚeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mǀéliniƍaƚion  coƅƚicale  eƚ  Ƣn  indeƿ  de  gǀƅiǏcaƚion  céƅébƅale˯  ainƍi  ƄƢe  deƍ  ƹaƅiableƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖60

foncƚionnelleƍ  aƹec  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  eƚ  leƍ  caƅƚeƍ  d̑acƚiƹaƚionƍ  obƚenƢeƍ  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƢƅƍ   de   ʪ   ƚâcheƍ   cogniƚiƹeƍ    ̀  ˾GLAʤʩ˿ ˯    FigƢƅe   ʥʤ   ̆    C ́ ˴   ̖̖ʩ1

 ̖
FigƢƅe  ʥʤ  ˮ  Rendu  des  atlas  multĭmodaux˴   A˴   Rendu  en  volume  de  l˷hémisphère  gauche  de  l̐atlas  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽DIEʣʧ˾  combinant  connectivité  intrinsèque  et  structurelle˳   B˴   Rendu  en  surface  de  l˷hémisphère  gauche  ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕
de  l̐atlas  de   ˽JAMʣʨ˾  combinant  connectivité  intrinsèque  et  activation  au  cours  de  ʫ  tâches  cognitives˳  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
C˴   Rendu  en  surface  de  l˷hémisphère  gauche  de  l̐atlas  de   ˽GLAʣʨ˾  combinant  connectivité  intrinsèqueˮ  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
activations   au   cours   de   ʩ   tâches   cognitivesˮ   myélinisation   et   épaisseur   corticale˳  ̖

ʤ˳ʤ˳ Poinƚƍ   méƚhodologiqƢeƍ   ƍƢr   la   créaƚion   deƍ   aƚlaƍ  ̕

ʥ˴ʥ˴ʤ˴ DéǏniƚion   manƢelle    versus    aƢƚomaƚiƄƢe   deƍ   limiƚeƍ   deƍ   ROIƍ  ̖

MéƚhodologiƄƢemenƚ˯  leƍ  Ƃƅemieƅƍ  aƚlaƍ  anaƚomiƄƢeƍ  de  Talaiƅach   ˾TALʩʪ˿  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de   TǊoƢƅio    ˾TZOʣʥ˿    ƍonƚ   baƍéƍ   ƍƢƅ   Ƣn   ƍƢjeƚ   ƂaƅƚicƢlieƅ˴   ̖̖

ʨʬ  Basé  sur  de  la  connectivité  intrinsèque  et  des  activations  au  cours  de  ʬ  tâches  cognitives  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
̀ Controlled  Oral  Word  Association  Task ˯  Rating  and  Recognizing  affective  images ˯  Judgment  of  Line  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Orientation  task ˯  N̅backˮ  Iowa  Gambling  Task ˯   finger  tapping ˯   Multi̅source  Interference  Task ˯   Verbal  ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̖ ̕ ̕ ̖ ̕
Paired   Associates ˯    Tower   of   London    and    flashing   visual   checkerboard ́ ˴  ̖

ʩ0  La  myéline  est  une  gaine  de  lipide  entourant  l̑axone  des  neurones  aǏn  d̑augmenter  la  vitesse  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
à  laquelle  les  potentiels  d̑actions  sont  conduits   ˾KANʤʦ˿ ˴  L˸axone  myélinisé  peut  être  comparé  à  un  Ǐl  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
électrique   ̀ l˸axoné   entouré   d˸un   matériau   isolant   ̀ la   myéliné˴  ̖

ʩ1  Basé  sur  de  la  connectivité  intrinsèque˯  des  activations  au  cours  de  ʪ  tâches  cognitives  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
̀ N̅back ˯   gambling  task ˯  mouvement  moteur  ˮ  des  mains˯  des  pieds  et  de  la  langue˯   Auditory  sentence  ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
presentation  with  detection  of˭  semanticˮ  syntactic  and  pragmatic  violations ˯   FritĥHappe  animations  of  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕
social  and  random  interactions  ̀ théorie  de  l̑esprit́˯   valence  judgments  and  Hariri  Hammer  Taskˮ  ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕
alternating  blocks  of  judgments  about  relations  among  features  versus  feature  matching ́ ˯  des  cartes  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖
myélinisation   et   des   cartes   d̑épaisseurs   corticales˴   ̖̖

ʪʥ  ̖



 ̖

Leƍ  méƚhodeƍ  Ƣƚiliƍéeƍ  ƂoƢƅ  déǏniƅ  leƍ  aƚlaƍ  anaƚomiƄƢeƍ  leƍ  ƂlƢƍ  ƅécenƚƍ  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

celƢi  de  Glaƍƍeƅ  oƢ  de  DeƍƚƅieƢƿ  eƚ  Deƍikan  combinenƚ  deƍ  méƚhodeƍ  ƍƢƂeƅƹiƍéeƍ  oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑aƂƂƅenƚiƍƍage  aƹec  Ƣne  aƂƂƅoche  manƢelle  baƍée  ƍƢƅ  l̑eƿƂeƅƚiƍe˯  à  l̑inƹeƅƍe  deƍ  aƢƚƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  ƄƢi  ƍe  baƍenƚ  ƍƢƅ  deƍ  méƚhodeƍ  maƚhémaƚiƄƢeƍ  aƢƚomaƚiƍéeƍ  eƚ  non  ƍƢƂeƅƹiƍéeƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ciƚonƍ  Ƃaƅ  eƿemƂle˯  Ƃaƅmi  leƍ  ƂlƢƍ  Ƣƚiliƍéeƍ˯  la  méƚhode  deƍ   k̅means   ˾STEʨʩ˿ ˯  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe   ˾SNEʪʦ˿˯  eƚ  l̑algoƅiƚhme   n̅cut   ˾SHIʣʣ˿  ƄƢi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅegƅoƢƂenƚ  leƍ  ƹoƿelƍ  en  foncƚion  de  leƢƅ  homogénéiƚé˴  Ceƍ  algoƅiƚhmeƍ  ƍe  baƍenƚ  ƍoiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ  leƍ  comƂoƍanƚeƍ  ƂƅinciƂaleƍ  d̑Ƣne  analǀƍe  en  comƂoƍanƚeƍ  indéƂendanƚeƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƚƅiceƍ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe˯  ƍoiƚ  ƍƢƅ  Ƣne  analǀƍe  ƍƂecƚƅale  de  ceƍ  mêmeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƚƅiceƍ˴   ̖̖

Le  ƍeƢl  aƚlaƍ  mélangeanƚ  leƍ  deƢƿ  ƚechniƄƢeƍ˯  à  la  foiƍ  ƍƢƂeƅƹiƍée  eƚ  non  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂeƅƹiƍée˯  eƍƚ  l̑aƚlaƍ  de  Glaƍƍeƅ   ˾GLAʤʩ˿  ƄƢi  inƚègƅe  en  effeƚ  Ƣn   a  priori  anaƚomiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖

aƹanƚ  de  déǏniƅ  ceƍ  ƅégionƍ˴  Leƍ  eƿƂeƅƚƍ  ƍélecƚionnenƚ˯  aƢ  coƢƅƍ  de  la  ƂƅocédƢƅe˯  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚoƢƅƍ  deƍ  ƅégionƍ  éƚanƚ  leƍ  ƂlƢƍ  en  accoƅd  aƹec  deƍ  diǊaineƍ  d̑annéeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connaiƍƍanceƍ  ƍƢƅ  l̑anaƚomie  céƅébƅale˴  Ceƍ  connaiƍƍanceƍ  ƂeƢƹenƚ   a  priori  conƚƅaindƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖

la   Ƃaƅcelliƍaƚion   ƅégionale   Ǐnale   obƚenƢe    ˾EICʤʫb˿ ˴  ̖

ʥ˴ʥ˴ʥ˴ ConƍƚƅƢcƚion  de  ROIƍ  à  Ƃaƅƚiƅ  d˸Ƣn  ƍeƢl  indiƹidƢ  oƢ  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

moǀenne   d̑indiƹidƢƍ  ̖

ʩʪ̾  deƍ  aƚlaƍ  ƍe  baƍenƚ  ƍƢƅ  Ƣne  combinaiƍon  de  l̑analǀƍe  deƍ  donnéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢelleƍ  eƚ  moǀenneƍ˯  ʤʬ̾  ƍƢƅ  la  moǀenne  de  l̑enƍemble  deƍ  donnéeƍ  eƚ  ʤʧ̾  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƿclƢƍiƹemenƚ  ƍƢƅ  l̑analǀƍe  deƍ  donnéeƍ  indiƹidƢelleƍ˴  PoƢƅ  la  ƂlƢƂaƅƚ  deƍ  aƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƍenƚéƍ˯  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  eƚ  l̑éloignemenƚ  deƍ  indiƹidƢƍ  à  la  moǀenne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍonƚ  donc  Ƃƅiƍ  en  comƂƚe  loƅƍ  de  l̑élaboƅaƚion  de  la  Ƃaƅcelliƍaƚion  dƢ  coƅƚeƿ  céƅébƅal  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionƍ   d̑inƚéƅêƚƍ˴  ̖

ʥ˴ʥ˴ʦ˴ Nombƅe   de   ƅégionƍ   d̑inƚéƅêƚƍ  ̖

Leƍ  aƚlaƍ  ƅécenƚƍ  ƂƅoƂoƍenƚ  ƂlƢƍieƢƅƍ  niƹeaƢƿ  de  Ƃaƅcelliƍaƚion˯   i˳e˳  ƂoƢƅ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

même  aƚlaƍ  Ƣn  nombƅe  difféƅenƚ  de  ƅégionƍ  ƍeƅa  ƂƅoƂoƍé  en  foncƚion  de  la  gƅanƢlaƅiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢhaiƚée  loƅƍ  deƍ  analǀƍeƍ˴  Danƍ  ceƚƚe  ƅeƹƢe˯  le  nombƅe  de  ƅégionƍ  d̑inƚéƅêƚƍ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhèƅe  ƍ̑éƚend  de  ʪ  à  ʤʣʣʣ  ƂoƢƅ  Ƣn  ƚoƚal  de  ʧʦ  Ƃaƅcelliƍaƚionƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƂonibleƍ˯  aƹec  Ƣne  moǀenne  de  ʥʣʩ  ROIƍ  ̰̀  ʥʨʨ́˴  Conceƅnanƚ  le  nombƅe  oƂƚimal  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪʦ  ̖



 ̖

ROIƍ˯  ce  deƅnieƅ  n̑eƿiƍƚe  Ƃaƍ˯  ƂƢiƍƄƢ̑il  déƂend  de  la  ƅéƍolƢƚion  enƹiƍagée  ƂoƢƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚƢde  donnée  eƚ  de  la  ƂƢiƍƍance  de  l̑aƂƂaƅeil  à  IRM˴  Leƍ  éƚƢdeƍ  ƍ˸accoƅdenƚ  malgƅé  ƚoƢƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƢƅ  Ƣn  nombƅe  adéƄƢaƚ  enƚƅe  ʤʨʣ  eƚ  ʥʣʣ  ROIƍ  Ƃaƅ  hémiƍƂhèƅe  ̀  ˾ESSʤʥ˿ ˯   ˾MESʥʣ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ    ˾DADʥʣ˿ ́    éƚanƚ   donné   la   ƅéƍolƢƚion   deƍ   aƂƂaƅeilƍ   aƢjoƢƅd̑hƢi   diƍƂonibleƍ   ̀≃   ʦT́˴  ̖

ʤ˳ʥ˳ ConclƢƍion   concernanƚ   leƍ   aƚlaƍ   cérébraƢƿ  ̕

En  conclƢƍion˯  ceƚƚe  ƅeƹƢe  deƍ  aƚlaƍ  eƿiƍƚanƚƍ  monƚƅe  Ƣne  Ƃaƅcelliƍaƚion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅƹeaƢ  comƂlèƚe  eƚ  la  Ƃoƍƍibiliƚé  d̑inƚégƅeƅ  ƂlƢƍieƢƅƍ  modaliƚéƍ˯  ƍelon  l̑objecƚif  Ǐƿé˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Une  lecƚƢƅe  aƚƚenƚiƹe  monƚƅe  ƄƢe  la  méƚhodologie  Ƣƚiliƍée  ƂoƢƅ  chaƄƢe  aƚlaƍ  déƂend  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑Ƣƍage  enƹiƍagé˯  Ƃaƅ  eƿemƂle  ˮ  localiƍaƚion  anaƚomiƄƢe  ƂoƢƅ  l̑aƚlaƍ  de  Talaiƅach  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾TALʩʪ˿  oƢ  AAL   ˾TZOʣʥ˿ ˯  idenƚiǏcaƚion  de  ƅégionƍ  foncƚionnelleƍ  inclƢanƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅofondeƢƅ  deƍ  ƍillonƍ  ƂoƢƅ  l̑aƚlaƍ  de  Glaƍƍeƅ   ˾GLAʤʩ˿ ˯  miƍe  à  diƍƂoƍiƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑oƅganiƍaƚion  en  ƚeƅmeƍ  de  connecƚiƹiƚé  anaƚomiƄƢe  eƚ˺oƢ  foncƚionnelle  ̀  ˾ZHUʤʦ˿  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾YEOʤʤ˿ ́˴  ̖

L˸objecƚif  de  ceƚƚe  ƚhèƍe  éƚaiƚ  de  cƅéeƅ  Ƣne  Ƃaƅcelliƍaƚion  céƅébƅale  deƍ  ƅégionƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƅéƍeaƢƿ  ƍoƢƍ̆ƚendanƚ  leƍ  gƅandeƍ  foncƚionƍ  cogniƚiƹeƍ  laƚéƅaliƍéeƍ  ˮ  langage˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚƚenƚion˯  moƚƅiciƚé˯  calcƢl˴˴˴  Ceƚ  objecƚif  noƢƍ  a  donc  condƢiƚ  à  déƹeloƂƂeƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

méƚhodologie  oƅiginale  ƄƢi  noƢƍ  Ƃeƅmeƚ  de  déǏniƅ  ceƍ  aƚlaƍ  de  ƅégionƍ  eƚ  de  ƅéƍeaƢƿ˯  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

débƢƚanƚ  aƹec  le  langage˴  Voici  leƍ  ƂaƅƚicƢlaƅiƚéƍ  de  la  conƍƚƅƢcƚion  deƍ  aƚlaƍ  Ƃƅéƍenƚéƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ   ceƚƚe   ƚhèƍe   ˮ  ̖

● NoƢƍ  aƹonƍ  ƚƅaƹaillé  à  Ƃaƅƚiƅ  d̑Ƣne  ƍeƢle  baƍe  de  donnéeƍ  oƩ  ceƍ  foncƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍonƚ  docƢmenƚéeƍ  cheǊ  chaƄƢe  ƍƢjeƚ  ̀BIL͇GIN˯   ˾MAZʤʩ˿ ́   acƄƢiƍ  ƍƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

même   machine   de   manièƅe   à   oƂƚimiƍeƅ   l˸homogénéiƚé   eƚ   la   ƍenƍibiliƚé˴  ̖

● Conƚƅaiƅemenƚ  aƢƿ  aƚlaƍ  Ƃƅécédenƚƍ  ƄƢi  n̑onƚ  Ƃaƍ  Ƃƅocédé  à  Ƣne  ƍélecƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

a  priori  deƍ  indiƹidƢƍ  conƍƚiƚƢanƚ  leƍ  ƚemƂlaƚeƍ˯  noƚƅe  objecƚif  noƢƍ  a  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

condƢiƚ  à  ƍélecƚionneƅ  leƍ  ƍƢjeƚƍ  dƅoiƚieƅƍ  Ƃƅéƍenƚanƚ  ƂeƢ  de  ƹaƅiabiliƚé  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚeƅmeƍ   d˸aƍǀméƚƅieƍ   foncƚionnelleƍ˴  ̖

● PoƢƅ  idenƚiǏeƅ  leƍ  ƅégionƍ  ƍƂéciǏƄƢeƍ  conƍƚiƚƢanƚeƍ  d̑Ƣn  aƚlaƍ  donné˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme  ƂoƢƅ  leƍ  aƢƚƅeƍ  aƚlaƍ˯  noƢƍ  aƹonƍ  déǏni  leƍ  ƹaƅiableƍ  Ƃeƅƚinenƚeƍ  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  aƍǀméƚƅieƍ  eƚ  conjoncƚionƍ  à  ƚƅaƹeƅƍ  ƂlƢƍieƢƅƍ  ƚâcheƍ˴  Une  foiƍ  ceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionƍ˯  ƍƢƂƂoƅƚ  de  l̑acƚiƹiƚé  cogniƚiƹe˯  idenƚiǏéeƍ  aƹec  Ƣne  aƂƂƅoche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪʧ  ̖



 ̖

mƢlƚĭƚâcheƍ˯  noƢƍ  aƹonƍ  Ƣƚiliƍé  l̑éƚaƚ  de  ƅeƂoƍ˯  ƂoƢƅ  Ƃoƍeƅ  la  ƄƢeƍƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑oƅganiƍaƚion   en   ƅéƍeaƢƿ   aƢ   ƍein   de   ceƍ   ƅégionƍ˴  ̖

● PoƢƅ  Ƃƅéciƍeƅ  le  ƚǀƂe  d̑oƅganiƍaƚion  deƍ  ƅéƍeaƢƿ  deƍ  foncƚionƍ  cogniƚiƹeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  meƚƚƅe  en  éƹidence  leƍ  hƢbƍ˯  Ƃeƅmeƚƚanƚ  de  cibleƅ  leƍ  aiƅeƍ  diƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̎eƍƍenƚielleƍ̏  oƢ  éƂicenƚƅeƍ  ˮ  c̑eƍƚ̆à̆diƅe  celleƍ  donƚ  la  léƍion  ƂƅoƹoƄƢe  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déǏciƚ   ˾MESʬʣ˿ ˯  noƢƍ  aƹonƍ  Ƣƚiliƍé  leƍ  meƍƢƅeƍ  foƢƅnieƍ  Ƃaƅ  la  ƚhéoƅie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ   ƅéƍeaƢƿ   ̀cenƚƅaliƚé   de   degƅé˯   ƍƢneƿiƚé   eƚ   coefǏcienƚ   de   ƂaƅƚiciƂaƚioń˴  ̖

● Comme  danƍ   ˾DIEʤʨ˿ ˯  noƢƍ  aƹonƍ  Ƣƚiliƍé  Ƣn  algoƅiƚhme  de  claƍƍiǏcaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍcendanƚe  hiéƅaƅchiƄƢe  aǏn  de  ƅegƅoƢƂeƅ  en  ƅéƍeaƢ  leƍ  ROIƍ  aǀanƚ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƚƚeƅn   de   connecƚiƹiƚé   inƚƅinƍèƄƢe   ƍimilaiƅe˴  ̖

● NoƢƍ  aƹonƍ  Ƣƚiliƍé  l̑aƚlaƍ  AICHA   ˾JOLʤʨ˿  comme  Ƃaƅcelliƍaƚion  iniƚiale˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅ  il  déǏniƚ  Ƣn  nombƅe  de  ROI  oƂƚimal  eƚ  Ƃeƅmeƚ  de  ƅéaliƍeƅ  deƍ  meƍƢƅeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑aƍǀméƚƅieƍ˴  ̖

ʦ˴ AƂƂōĸcaƚĸŢŘ  de  ō˸aŘaōǀƍe  Ƃaƅ  cŢŘŇŢŘcƚĸŢŘ˯  deƍ  ŢƢƚĸōƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cōaƍƍĸǏcaƚĸŢŘ  hĸéƅaƅchĸƄƢe  eƚ  de  ōa  ƚhéŢƅĸe  deƍ  ƅéƍeaƢƿ  à  ōa  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cŢŘƍƚƅƢcƚĸŢŘ   eƚ   ōa   caƅacƚéƅĸƍaƚĸŢŘ   d˸aƚōaƍ  ̖

 ̖

ʥ˳ʣ˳ IdenƚiǏcaƚion  dƢ  ƍƢpporƚ  anaƚomiqƢe  deƍ  foncƚionƍ  cogniƚiƹeƍ  ̕ ̕ ̕ ̕ ̕ ̕ ̕

laƚéraliƍéeƍ  ̕

Comme  noƢƍ  l˸aƹonƍ  ƹƢ˯  leƍ  aƚlaƍ  iƍƍƢƍ  de  la  liƚƚéƅaƚƢƅe  ƍonƚ  deƍ  aƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅcelliƍanƚ  le  ceƅƹeaƢ  danƍ  ƍa  globaliƚé˴  Leƍ  aƚlaƍ  déƹeloƂƂéƍ  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

onƚ  la  ƂaƅƚicƢlaƅiƚé  d̑êƚƅe  deƍ  aƚlaƍ  deƍ  foncƚionƍ  cogniƚiƹeƍ  laƚéƅaliƍéeƍ˴  Une  éƚaƂe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂoƅƚanƚe  de  la  miƍe  aƢ  Ƃoinƚ  de  ceƍ  aƚlaƍ  conceƅne  aloƅƍ  la  ƍélecƚion  deƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ   ̀oƢ   ROIƍ́   dédiéeƍ   à   la   foncƚion   eƚ   ciblanƚ   le   niƹeaƢ   hiéƅaƅchiƄƢe   d˸inƚéƅêƚ˴  ̖

PoƢƅ  idenƚiǏeƅ  deƍ  ROIƍ  commƢneƍ  à  difféƅenƚeƍ  ƚâcheƍ  d̑Ƣn  même  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚif˯  il  eƍƚ  coƢƅanƚ  en  neƢƅoimageƅie  d̑Ƣƚiliƍeƅ  Ƣne  aƂƂƅoche  Ƃaƅ  conjoncƚion˴  Elle  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍiƍƚe  ƍimƂlemenƚ  à  idenƚiǏeƅ  leƍ  ROIƍ  ƍigniǏcaƚiƹemenƚ  acƚiƹéeƍ  eƚ˺oƢ  aƍǀméƚƅiƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ  ƂlƢƍieƢƅƍ  ƚâcheƍ  eƚ  ceƚƚe  aƂƂƅoche  ƍƚaƚiƍƚiƄƢe  eƍƚ  diƍƂonible  danƍ  SPM   ˾PENʤʤ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  Ǐƿanƚ  Ƣn  ƍeƢil  ƍƚaƚiƍƚiƄƢe  donné˴  La  méƚhode  Ƃaƅ  conjoncƚion  offƅe  Ƣne  aƂƂƅoche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪʨ  ̖



 ̖

ƅobƢƍƚe  ƂoƢƅ  la  caƅƚogƅaƂhie  eƚ  l̑idenƚiǏcaƚion  d̑Ƣniƚéƍ  foncƚionnelleƍ  ̀aƢ  ƍenƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

chamƂƍ   foncƚionnelƍ́    ˾EICʤʫa˿ ˴  ̖

Leƍ  méƚhodeƍ  d̑idenƚiǏcaƚion  deƍ  ROIƍ  engagéeƍ  danƍ  Ƣne  foncƚion  cogniƚiƹe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂéciǏƄƢe  déƂendenƚ  dƢ  ƚǀƂe  de  ƚâche  eƚ  dƢ  ƚǀƂe  de  ƂƅoceƍƍƢƍ  imƂliƄƢé  danƍ  cellĕci˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Paƅ  eƿemƂle˯  ƂoƢƅ  SENSAAS  ̀  SENtence  Supramodal  Areas  AtlaS ˯   ˾LABʤʬ˿ ́   leƍ   a  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̖ ̖ ̖ ̕

priori  ƍonƚ  mƢlƚiƂleƍ  ˮ  ʤ̆  leƍ  ƂƅoceƍƍƢƍ  de  baƍ  niƹeaƢ  ̀donƚ  ˮ  engagemenƚ  aƚƚenƚionnel˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mainƚenance  de  la  conƍigne˯  aƅƚicƢlaƚion˰́  liéƍ  aƢ  langage  onƚ  éƚé  ƍƢƂƂƅiméƍ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑Ƣƚiliƍaƚion  de  ƚâcheƍ  de  ƅéféƅence  ̀ƂƅodƢcƚion˯  écoƢƚe  eƚ  lecƚƢƅe  de  liƍƚe  de  moƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ̆aƂƂƅiƍ˯   FigƢƅe  ʨ ́   Ƃeƅmeƚƚanƚ  de  calcƢleƅ  Ƣn  conƚƅaƍƚe  ̎ Ƃhƅaƍe  ̆   liƍƚȅ  ̀ƂƅodƢcƚion˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

écoƢƚe  eƚ  lecƚƢƅe  de  Ƃhƅaƍé  ˹  ʥ̆  leƍ  ROIƍ  donƚ  le  ƂƅoǏl  eƍƚ  ƍƢƂƅamodal onƚ  éƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖62

ƍélecƚionnéeƍ  comme  imƂliƄƢéeƍ  danƍ  leƍ  ʦ  ƚâcheƍ  de  langage  ̀ƂƅodƢcƚion˯  écoƢƚe  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

lecƚƢƅé  ˹  ʦ̆  enǏn  de  manièƅe  à  ƍélecƚionneƅ  leƍ  ƅégionƍ  langagièƅeƍ  Ƣn  cƅiƚèƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑acƚiƹaƚion   eƚ   d̑aƍǀméƚƅie   gaƢche   a   égalemenƚ   éƚé   aƂƂliƄƢé˴   ̖̖

Le  même  ƚǀƂe  d̑ a  priori  a  éƚé  aƂƂliƄƢé  à  la  conƍƚƅƢcƚion  de  WMCA  ̀ Word̅list  ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Multimodal  Cortical  Atlas ˯   ˾HESʤʬ˿ ́ ˯  maiƍ  la  ƍélecƚion  a  éƚé  ƅéaliƍée  ƍƢƅ  leƍ  ƚâcheƍ  de  ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage  de  baƍ  niƹeaƢ  eƚ  noƢƍ  aƹonƍ  ƍélecƚionné  ƂoƢƅ  ceƚ  aƚlaƍ  leƍ  ROIƍ  acƚiƹéeƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍǀméƚƅiƄƢeƍ   danƍ   l̑Ƣn   oƢ   l̑aƢƚƅe   deƍ   deƢƿ   hémiƍƂhèƅeƍ   céƅébƅaƢƿ   ̀  FigƢƅe   ʥʥ ́˴   ̖̖

ʩ2  Les   régions   cérébrales   supramodales   font   Ǐ   de   la   modalité   du   stimulus˴   ̖̖

ʪʩ  ̖



 ̖

̖
FigƢƅe  ʥʥ  ˮ  Régions  de  WMCA˴   LigŘe  dƢ  haƢƚ  ˮ   Régions  de  l̐atlas  AICHA  significativement  activées  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕
dans  les  ʥ  tâches  ˿PROD  ˭  productionˮ  ECO  ˭  écouteˮ  LEC  ˭  lecture  de  liste  de  mots  sur̅appris̀˳   LigŘe  dƢ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖
ŖiōieƢ  ˮ  hROIs  asymétriques  dans  les  ʥ  tâches˳   LigŘe  dƢ  baƍ  ˮ  hROIs  significativement  co̅activées  et  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕
co̅asymétriques  dans  les  ʥ  tâches˳  HG  ˭  hémisphère  gaucheˮ  HD  ˭  hémisphère  droit˳  Les  hROIs  sont  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
projetées  sur  la  surface  de  la  substance  blanche  du  gabarit  de  la  BIL͆GIN  dans  l̐espace  MNIˮ  réalisée  à  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
l̐aide  du  logiciel  Surf  Ice˳  Les  noms  complets  des  hROIs  correspondant  aux  abréviations  peuvent  être  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
trouvés   dans    ˽HESʣʫ˾ ˳   Figure   adaptée   de    ˽HESʣʫ˾ ˳  ̕

Conceƅnanƚ  l̑idenƚiǏcaƚion  deƍ  ʤʥ  ROIƍ  ƍƢƂƂoƅƚanƚ  le  conƚƅôle  ƍenƍoƅimoƚeƢƅ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  main  ̀  Hand  Atlas  of  MOTor  Areas  ˮ  HAMOTA˯   ˾TZOʥʣ˿ ́ ˯  leƍ   a  priori  éƚaienƚ  ̖ ̖ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖

l̑acƚiƹaƚion  eƚ  l̑aƍǀméƚƅie  deƍ  ƅégionƍ  conƚƅolaƚéƅaleƍ  à  la  main  Ƣƚiliƍée  ƂoƢƅ  ƅéaliƍeƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâche  ̀FTT  ˮ   Finger̅Tapping  Test  ́ ˯  eƚ  donc  changeanƚ  d̑hémiƍƂhèƅe  aƹec  la  main  ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ʨ3

Ƣƚiliƍée˴  Ceƚƚe  ƂƅocédƢƅe  de  ƍélecƚion  deƍ  hROIƍ  a  éƚé  ƅéaliƍée  ƍéƂaƅémenƚ  danƍ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƂƢlaƚion  de  dƅoiƚieƅƍ  eƚ  danƍ  Ƣne  ƂoƂƢlaƚion  de  gaƢcheƅƍ˴  Leƍ  hROIƍ  Ǐnalemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍélecƚionnéeƍ   ƍonƚ   leƍ   hROIƍ   commƢneƍ   aƢƿ   dƅoiƚieƅƍ   eƚ   aƢƿ   gaƢcheƅƍ   ̀  FigƢƅe   ʥʦ ́˴  ̖

ʩ3  La  tâche  de  FTT  permet  de  mesurer  l˸habileté  manuelle  d̑un  individu   ˾PETʪʫ˿ ˴  L̑individu  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
doit   taper   avec   son   index   sur   le   bloc̆réponse   à   une   fréquence   de   ʥ   HǊ˯   aussi   régulièrement   que   possible˴  ̖

ʪʪ  ̖



 ̖

 ̖
FigƢƅe  ʥʦ  ˮ  Diagramme  de  Venn  et  régions  de  HAMOTA˴   Diagramme  de  Venn  de  l̐analyse  par  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕
conjonction  conduisant  en  l̐identification  du  support  anatomique  de  la  préférence  manuelle   ˽TZOʤ0˾ ˳  Le  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
cercle  rouge  correspond  aux  hROIs  significativement  activées  controlatéralement  durant  la  tâche  de  FTT  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
chez  les  droitiers˳  En  bleu  ˭  les  hROIs  significativement  activées  controlatéralement  chez  les  gauchers˳  En  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
violet  ˭  les  hROIs  significativement  asymétriques  controlatéralement  chez  les  gauchers˳  En  vert  ˭  les  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
hROIs  significativement  asymétriques  controlatéralement  chez  les  droitiers˳  Le  nombre  en  noir  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
correspond  au  nombre  de  régions  identifiées  pour  la  conjonction  regardée˳  L̐encadré  correspond  aux  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
hROIs  de  l̐intersection  des  ʦ  cercles  ˭  i˳e˳  le  support  anatomique  de  la  préférence  manuelle˳  Les  noms  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
complets  des  hROIs  correspondant  aux  abréviations  peuvent  être  trouvés  dans   ˽TZOʤ0˾ ˳  Vues  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
l̐hémisphère  gauche  ˸  rendu  ʥD  de  la  surface  de  la  substance  blanche  du  gabarit  de  la  BIL͆GIN  dans  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
l̐espace   MNIˮ   réalisé   à   l̐aide   du   logiciel   Surf   Ice˳  ̖

Un  deƅnieƅ  aƚlaƍ  a  éƚé  déƹeloƂƂé  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe  conceƅnanƚ  leƍ  baƍeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomŏfoncƚionnelleƍ  de  l̑aƚƚenƚion   ˾ZAGʥʣ˿  ˮ   Atlas  of  Lateralized  Attention  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕

Networks  ̀ALANƍ˯   FigƢƅe  ʥʧ ́˴  La  ƄƢeƍƚion  deƍ  ƅéƍeaƢƿ  céƅébƅaƢƿ  ƍoƢƍ̆ƚendanƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dominance  deƍ  foncƚionƍ  aƚƚenƚionnelleƍ  ƍƂaƚialeƍ  cheǊ  l̑Homme  eƍƚ  Ƣne  ƄƢeƍƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƢƹeƅƚe   ˾HERʤʦ˿ ˴  NoƢƍ  ƂƅoƂoƍonƍ  d̑idenƚiǏeƅ  leƍ  ƅéƍeaƢƿ  laƚéƅaliƍéƍ  de  l̑aƚƚenƚion  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣƚiliƍanƚ  Ƣn  cƅiƚèƅe  d̑aƍǀméƚƅie  eƚ  d̑acƚiƹaƚion  en  faƹeƢƅ  de  l̑hémiƍƂhèƅe  dƅoiƚ  aƢ  coƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  ƚâche  aƚƚenƚionnelle  de  haƢƚ  niƹeaƢ  ˮ  Ƣne  ƚâche  de  JƢgemenƚ  de  Biƍƍecƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ligne  ̀JBĹ˴  L̑aƚƚenƚion  eƍƚ  en  effeƚ  Ƣne  foncƚion  laƚéƅaliƍée  danƍ  l̑hémiƍƂhèƅe  dƅoiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖64

cheǊ  leƍ  dƅoiƚieƅƍ   ˾ZAGʤʩ˿ ˴  Le  Ƃƅemieƅ   a  priori  ƄƢe  noƢƍ  aƹonƍ  Ƃoƍé  ƂoƢƅ  la  ƍélecƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  aiƅeƍ  aƚƚenƚionnelleƍ  éƚaiƚ  Ƣne  acƚiƹaƚion  eƚ  Ƣne  aƍǀméƚƅie  dƅoiƚe˴  PoƢƅ  choiƍiƅ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hROIƍ  de  haƢƚ  niƹeaƢ˯  noƢƍ  aƹonƍ  Ƣƚiliƍé  Ƣne  ƚâche  de  Saccadeƍ  GƢidéeƍ  ViƍƢellemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ʨʧ

̀SGV́  comme  ƅéféƅence˴  Cela  noƢƍ  a  Ƃeƅmiƍ  de  diƍƚingƢeƅ  ˮ  ʤ̆  Leƍ  hROIƍ  à  la  foiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚiƹéeƍ  eƚ  aƍǀméƚƅiƄƢeƍ  dƅoiƚeƍ  dƢƅanƚ  leƍ  ƚâcheƍ  de  SGV  eƚ  de  JBL  ˹  ʥ̆  Leƍ  hROIƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩʧ  La  tâche  de  Jugement  de  Bissection  de  Ligne  ̀JBĹ  permet  d̑évaluer  les  processus  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
attentionnels  en  jugeant  si  la  barre  verticale  présentée  à  l̑écran  est  au  centre˯  déviée  à  droite  ou  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
gauche   du   segment   horiǊontal   coupé   en   deux   par   une   petite   barre   verticale    ˾MAZʤʩ˿ ˴  ̖

ʩʨ  La  tâche  de  Saccades  Guidées  Visuellement  ̀SGV́  permet  d̑évaluer  les  processus  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
attentionnels  en  suivant  un  repère  visuel  qui  apparaît  de  manière  alternative  à  gauche  ou  à  droite  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
l̑écran    ˾MAZʤʩ˿ ˴  ̖
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acƚiƹéeƍ  à  dƅoiƚe  danƍ  leƍ  deƢƿ  ƚâcheƍ  eƚ  aƍǀméƚƅiƄƢeƍ  dƅoiƚeƍ  ƢniƄƢemenƚ  Ƃendanƚ  JBL  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˹  ʦ̆  Leƍ  hROIS  acƚiƹéeƍ  eƚ  aƍǀméƚƅiƄƢeƍ  dƅoiƚeƍ  ƢniƄƢemenƚ  aƢ  coƢƅƍ  de  JBL˴  Ceci  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmiƍ  de  diƍƚingƢeƅ  leƍ  hROIƍ  imƂliƄƢéeƍ  Ƃaƅ  le  déƂlacemenƚ  de  l̑aƚƚenƚion  eƚ  l̑acƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ocƢlomoƚƅice  loƅƍ  de  la  ƚâche  de  SGV  deƍ  hROIƍ  ƍoƢƍ̆ƚendanƚ  leƍ  mécaniƍmeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚƚenƚionnelƍ   inƚégƅéƍ   ƍƂéciǏƄƢeƍ   de   la   ƚâche   de   JBL   ̀  FigƢƅe   ʥʧ ́˴  ̖

 ̖
FigƢƅe  ʥʧ  ˮ  Régions  de  ALANS˴   Les  trois  panels  correspondent  aux  régions  de  l̐atlas  AICHA  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
significativement  activées  et  asymétriques  dans  l̐hémisphère  droit  durant  la  tâche  de  Jugement  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Bissection  de  Ligne  ˿JBL̀˳   A˴   En  bleu  ˭  les  hROIs  également  activées  à  droite  dans  la  tâche  de  Saccades  ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Guidées  Visuellement  ˿SGV̀˳   B˴   En  rouge  ˭  les  hROIs  également  activées  et  asymétriques  à  droite  dans  ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
SGV˳    C˴  En  vert  ˭  les  hROIs  spécifiques  à  JBL˳  Les  hROIs  sont  projetées  sur  la  surface  de  la  substance  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
blanche  du  gabarit  de  la  BIL͆GIN  dans  l̐espace  MNIˮ  réalisé  à  l̐aide  du  logiciel  Surf  Ice˳  Les  noms  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
complets  des  hROIs  correspondant  aux  abréviations  peuvent  être  trouvés  dans ˽ZAGʤ0˾ ˳  Figure  adaptée  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de    ˽ZAGʤ0˾ ˳  ̖

AǏn  de  Ƃeƅmeƚƚƅe  Ƣne  ƅeƂƅéƍenƚaƚion  deƍ  donnéeƍ  aƂƂlicableƍ  à  deƍ  déǏniƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiableƍ  en  foncƚion  dƢ  beƍoin˯  j̑ai  déƹeloƂƂé  Ƣn  oƢƚil˯  ƄƢi  a  éƚé  miƍ  à  la  diƍƂoƍiƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƄƢiƂe˯  Ƃeƅmeƚƚanƚ˯  ƂoƢƅ  Ƣn  ƍeƢil  ƍƚaƚiƍƚiƄƢe  Ǐƿé˯  de  ƹiƍƢaliƍeƅ  à  l̑aide  d̑Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diagƅamme  de  Venn   ˾VENʫʣ˿  l̑enƍemble  deƍ  conjoncƚionƍ  Ƃoƍƍibleƍ  ƂoƢƅ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

combinaiƍonƍ  d̑ a  priori  Ƃƅéalablemenƚ  déǏniƍ˴  Paƅ  eƿemƂle˯  conceƅnanƚ  HAMOTA˯  ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƚƚe  aƂƂƅoche  Ƃeƅmeƚ  de  meƚƚƅe  en  éƹidence˯  ƂoƢƅ  deƍ  gƅoƢƂeƍ  de  ƍƢjeƚƍ  difféƅenƚƍ  ˮ   i˳e˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƅoiƚieƅƍ  oƢ  gaƢcheƅƍ˯  leƍ  ROIƍ  aƍǀméƚƅiƄƢeƍ  conƚƅolaƚéƅaleƍ  danƍ  leƍ  ʥ  ƚâcheƍ  de  FTT  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ƅéaliƍée  aƹec  la  main  gaƢche  oƢ  dƅoiƚé˯  l̑abƍence  de  ROIƍ  ƢniƄƢemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅolaƚéƅalemenƚ  acƚiƹéeƍ  eƚ  aƍǀméƚƅiƄƢeƍ  cheǊ  leƍ  dƅoiƚieƅƍ  oƢ  leƍ  gaƢcheƅƍ˯  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ǐnalemenƚ  de  ƹiƍƢaliƍeƅ  leƍ  ʤʥ  ƅégionƍ  ƅeƍƂecƚanƚ  l̑enƍemble  deƍ  conƚƅainƚeƍ˯  aƢ  cenƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ   diagƅamme   ̀  FigƢƅe   ʥʦ ́˴  ̖

ʪʬ  ̖
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 ̖

La  ƹiƍƢaliƍaƚion  ƹia  le  diagƅamme  de  Venn  gaƅanƚiƚ  Ƣne  ƹiƍion  d̑enƍemble  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conceƅnanƚ  leƍ  ƂƅoǏlƍ  d̑imƂlicaƚion  deƍ  ƅégionƍ  céƅébƅaleƍ  danƍ  leƍ  difféƅenƚƍ  ƂƅoceƍƍƢƍ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚifƍ˴   ̖̖

L̑oƢƚil  ƄƢe  j̑ai  déƹeloƂƂé  Ƃeƅmeƚ  danƍ  Ƣn  Ƃƅemieƅ  ƚemƂƍ  de  ƅéaliƍeƅ  l̑analǀƍe  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conjoncƚion˯  ƂƢiƍ  d̑aƂƂliƄƢeƅ  Ƣne  claƍƍiǏcaƚion  hiéƅaƅchiƄƢe  ƍƢiƹanƚ  leƍ  cƅiƚèƅeƍ  ƹoƢlƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ƄƢe  noƢƍ  Ƃƅéƍenƚeƅonƍ  danƍ  le  ƍoƢƍ̆chaƂiƚƅe  ƍƢiƹanƚ́˯  eƚ  Ǐnalemenƚ  de  Ƃƅocédeƅ  à  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

analǀƍe  ƚoƂogƅaƂhiƄƢe  deƍ  hROIƍ  conƍƚiƚƢanƚeƍ  deƍ  Ƃaƅƚiƚionƍ  idenƚiǏéeƍ  ̀égalemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƍenƚée   Ƃaƅ   la   ƍƢiƚé˴   ̖̖

Je  Ƃƅéƍenƚe  cĭdeƍƍoƢƍ  leƍ  Ƃoƍƍibiliƚéƍ  offeƅƚeƍ  Ƃaƅ  l̑oƢƚil  déƹeloƂƂé  aǏn  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéaliƍeƅ   l̑analǀƍe   Ƃaƅ   conjoncƚion˴   ̖̖

 ̖

PoƢƅ  l̑idenƚiǏcaƚion  deƍ  ƅéƍeaƢƿ  dƢ  langage  dƢ  ƚƅaiƚemenƚ  de  la  Ƃhƅaƍe   ˾LABʤʬ˿  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ   a  priori  conceƅnanƚ  la  ƍélecƚion  deƍ  hROIƍ  ƍonƚ  mƢlƚiƂleƍ˴  Une  hROI˯  ƂoƢƅ  ƍe  ƹoiƅ  ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍélecƚionnée˯  doiƚ  en  effeƚ  danƍ  Ƣn  Ƃƅemieƅ  ƚemƂƍ  ƅeƍƂecƚeƅ  Ƣn  cƅiƚèƅe  d˸acƚiƹaƚion  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑aƍǀméƚƅie  en  faƹeƢƅ  de  l̑hémiƍƂhèƅe  gaƢche  ˮ   i˳e˳  ƍigniǏcaƚiƹemenƚ  acƚiƹée  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

moǀenne  ̀   eƚ   p̅value  ̬   0˳0ʧ ˯  ƚeƍƚ  de  SƚƢdenƚ  bilaƚéƅaĺ  eƚ  aƍǀméƚƅiƄƢe  ̖ BOLDHG ! 0 ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gaƢche  ̀   eƚ   p̅value  ̬   0˳0ʧ ˯  ƚeƍƚ  de  SƚƢdenƚ  bilaƚéƅaĺ˴  La  deƢƿième  ̖ As\mptrie ! 0 ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅainƚe˯  Ƃeƅmeƚƚanƚ  de  ƍélecƚionneƅ  leƍ  hROIƍ  ƍƢƂƅamodaleƍ˯  conƍiƍƚe  en  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conjoncƚion  deƍ  hROIƍ  ƍélecƚionnéeƍ  Ƃaƅ  la  Ƃƅemièƅe  conƚƅainƚe  à  ƚƅaƹeƅƍ  leƍ  ʦ  ƚâcheƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹeƍ  diƍƂonibleƍ  danƍ  la  BIL͇GIN  ˮ  l̑écoƢƚe˯  la  lecƚƢƅe  eƚ  la  ƂƅodƢcƚion  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage˴  Conceƅnanƚ  le  ƚƅaiƚemenƚ  de  la  Ƃhƅaƍe˯  l̑analǀƍe  eƍƚ  ƅeƍƚƅeinƚe  à  l̑hémiƍƂhèƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gaƢche˴  L̑oƢƚil  Ƃeƅmeƚ  égalemenƚ  de  ƅéaliƍeƅ  deƍ  analǀƍeƍ  ƍƢƅ  leƍ  ʥ  hémiƍƂhèƅeƍ  à  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foiƍ  comme  illƢƍƚƅé  danƍ   ˾HESʤʬ˿  ƄƢi  idenƚiǏe  le  ƍƢƂƂoƅƚ  anaƚomiƄƢe  dƢ  ƚƅaiƚemenƚ  dƢ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

moƚ˴  ̕

L̑oƢƚil  d̑analǀƍe  Ƃaƅ  conjoncƚion  Ƃeƅmeƚ  égalemenƚ  d̑ajƢƍƚeƅ  le  ƍeƢil  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍigniǏcaƚiƹiƚé  de  ƍélecƚion  d̑Ƣne  hROI  comme  Ƃaƅ  eƿemƂle  danƍ  le  caƍ  de  l̑éƚƢde  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  ƍƢƂƂoƅƚanƚ  leƍ  ƂƅoceƍƍƢƍ  aƚƚenƚionnelƍ   ˾ZAGʥʣ˿ ˴  Danƍ  le  cadƅe  de  ceƚƚe  éƚƢde  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  coƅƅecƚion  de  Bonfeƅƅoni   ˾BONʦʩ˿  a  éƚé  aƂƂliƄƢée  ƂƢiƍƄƢ̑aƢcƢne  conjoncƚion  enƚƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  cogniƚiƹeƍ  n̑a  éƚé  ƅéaliƍée˴  La  coƅƅecƚion  de  Bonfeƅƅoni  Ƃeƅmeƚ  de  conƚƅôleƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚaƢƿ  d̑eƅƅeƢƅ  de  Ƃƅemièƅe  eƍƂèce  dƢ  ƚeƍƚ  de  SƚƢdenƚ  emƂloǀé˯  en  coƅƅigeanƚ  le  ƍeƢil  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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ƍigniǏcaƚiƹiƚé  Ƃaƅ  le  nombƅe  de  ƚeƍƚƍ  ƅéaliƍéƍ˴  L̑eƅƅeƢƅ  de  Ƃƅemièƅe  eƍƂèce  coƅƅeƍƂond  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  Ƃƅobabiliƚé  de  ƅejeƚeƅ  l̑hǀƂoƚhèƍe  nƢlle  aloƅƍ  ƄƢe  cellĕci  eƍƚ  ƹƅaie˴  L̑Ƣƚiliƍaƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅecƚion  de  Bonfeƅƅoni  danƍ  le  cadƅe  de  la  conƍƚƅƢcƚion  de  noƍ  aƚlaƍ  Ƃeƅmeƚ  donc  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍ̑aƍƍƢƅeƅ  de  la  ƅéelle  imƂlicaƚion  d̑Ƣne  hROI  danƍ  le  ƂƅoceƍƍƢƍ  cogniƚif  ƅegaƅdé  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚanƚ  conƍeƅƹaƚif˯  bien  ƄƢe  ceƚƚe  coƅƅecƚion  aƢgmenƚe  le  ƅiƍƄƢe  de  ƍeconde  eƍƂèce  ƄƢi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅeƍƂond   aƢ   ƅejeƚ   de   l̑hǀƂoƚhèƍe   alƚeƅnaƚiƹe   aloƅƍ   ƄƢ̑elle   eƍƚ   ƹƅaie    ˾NAKʣʧ˿ ˴  ̖

ʥ˳ʤ˳ La  claƍƍiǏcaƚion  hiérarchiqƢe  ˭  Ƣn  oƢƚil  mƢlƚifoncƚion  poƢr  la  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

créaƚion   deƍ   aƚlaƍ   cérébraƢƿ   eƚ   leƢrƍ   éƚƢdeƍ  ̕

J̑ai  Ƣƚiliƍé  la  claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe  ̀CAH́  ƂoƢƅ  ƅéƂondƅe  à  ƚƅoiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢeƍƚionƍ  difféƅenƚeƍ  ˮ  celle  deƍ  difféƅenceƍ  deƍ  ƂƅoǏlƍ  de  hROIƍ  commƢnémenƚ  acƚiƹéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  aƍǀméƚƅiƄƢeƍ  danƍ  Ƣne  oƢ  ƂlƢƍieƢƅƍ  ƚâcheƍ  ̀caƍ   1 ́ ˯  l̑idenƚiǏcaƚion  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelƍ  aƢ  ƍein  d̑enƍembleƍ  de  hROIƍ  à  Ƃaƅƚiƅ  deƍ  meƍƢƅeƍ  de  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢe  ̀caƍ   2 ́ ˯  eƚ  l̑idenƚiǏcaƚion  de  gƅoƢƂeƍ  d̑indiƹidƢƍ  en  foncƚion  de  leƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍƚiƄƢeƍ  ƅégionaleƍ  en  ƚeƅmeƍ  d̑acƚiƹaƚionƍ˯  d̑aƍǀméƚƅieƍ  eƚ  de  connecƚiƹiƚé ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢe   danƍ   le   cadƅe   de   l̑éƚƢde   de   la   ƹaƅiabiliƚé   inƚeƅindiƹidƢelle   ̀caƍ    3 ́ ˴  ̖

 ̖

La  claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe  ̀  ˾SNEʪʦ˿ ́  eƍƚ  Ƣne  méƚhode  aǀanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƢƅ  objecƚif  d̑éƚabliƅ  Ƣne  hiéƅaƅchie  de  claƍƍeƍ  en  ƅéƂaƅƚiƍƍanƚ  leƍ   n  ƹaƅiableƍ  de  ƍon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƍemble  de  conƍƚƅƢcƚion  Ɵ  en  Ƣn  ceƅƚain  nombƅe  de  Ƃaƅƚiƚionƍ˴  La  méƚhode  ƍe  baƍe  ƍƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  calcƢl  d̑Ƣne  maƚƅice  ƍǀméƚƅiƄƢe  de  diƍƍimilaƅiƚé   D  ̀  ́  ƅeƂƅéƍenƚanƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ im(D) ¬d  n n ̖ ̖ ̖

diƍƚance  enƚƅe  leƍ   Ƃaiƅeƍ  d̑objeƚƍ  Ƃoƍƍibleƍ˴  Danƍ  leƍ  caƍ   ˿1̀  eƚ   ˿3̀ ˯  la  ̖ ̖ ̖ (n ) 2 ¬n 1 / ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƚance  Ƣƚiliƍée  coƅƅeƍƂond  à  la  diƍƚance  EƢclidienne  ƢƍƢelle  calcƢlée  à  Ƃaƅƚiƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiableƍ  donƚ  leƍ  ƹaleƢƅƍ  onƚ  éƚé  cenƚƅéeƍ  eƚ  ƅédƢiƚeƍ˴  Danƍ  le  caƍ   ˿2̀ ˯  la  maƚƅice  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƚanceƍ   Ƣƚiliƍée  eƍƚ  conƍƚƅƢiƚe  à  Ƃaƅƚiƅ  de  la  maƚƅice  deƍ  coƅƅélaƚionƍ  ̀  M iˮj ́   ƚelle  ̖ Di,j ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe    ˾LANʪʬ˿ ˯  ƂoƢƅ  ˴  La  hiéƅaƅchie  enƚƅe  leƍ   n  objeƚƍ  ̖ 1 ) 2 ¬Di,j  ( M i,j / ̖ ̖ ̖ i, j) , ¬...¬n( ¬  1 2 ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƚ  éƚablie  Ƃaƅ  iƚéƅaƚion  en  ƅegƅoƢƂanƚ  ƍƢcceƍƍiƹemenƚ  leƍ  objeƚƍ  donƚ  la  diƍƍimilaƅiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƚ  la  ƂlƢƍ  faible˴  LoƅƍƄƢ˸Ƣn  objeƚ  doiƚ  êƚƅe  agƅégé  aƹec  Ƣne  claƍƍe  conƚenanƚ  ƂlƢƍieƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

objeƚƍ˯  la  diƍƍimilaƅiƚé  eƍƚ  calcƢlée  en  Ƣƚiliƍanƚ  le  cƅiƚèƅe  de  Waƅd   ˾WARʩʦ˿  ƄƢi  Ƃeƅmeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  maƿimiƍeƅ  l̑ineƅƚie  inƚeƅ̆claƍƍe  eƚ  donc  d̑obƚeniƅ   in  fine  deƍ  Ƃaƅƚiƚionƍ  donƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖

ƹaƅiance   inƚeƅne   eƍƚ   minimale˴   ̖̖

ʫʤ  ̖



 ̖

Le  nombƅe  ̎ oƂƚimal̏  de  claƍƍeƍ  a  éƚé  déƚeƅminé  à  l˸aide  de  la  libƅaiƅie  R  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˷ NbClust ˷    ˾CHAʤʧ˿ ˴  Ceƚƚe  libƅaiƅie  foƢƅniƚ  ʦʣ  indiceƍ  ƍƚaƚiƍƚiƄƢeƍ  Ƃeƅmeƚƚanƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

déƚeƅmineƅ  le  nombƅe  ̎ oƂƚimal̏  de  claƍƍe  d̑Ƣne  CAH  eƚ  ƂƅoƂoƍe  le  meilleƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅegƅoƢƂemenƚ  à  Ƃaƅƚiƅ  deƍ  difféƅenƚƍ  ƅéƍƢlƚaƚƍ  obƚenƢƍ  en  faiƍanƚ  ƹaƅieƅ  ƚoƢƚeƍ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

combinaiƍonƍ  dƢ  nombƅe  de  claƍƍeƍ  ƂoƢƅ  la  méƚhode  choiƍie˯  en  l˸occƢƅƅence  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion   aƍcendanƚe   hiéƅaƅchiƄƢe   Ƣƚiliƍanƚ   le   cƅiƚèƅe   de   Waƅd˴  ̖

ʦ˴ʥ˴ʤ˴ La  claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe  comme  oƢƚil  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍaƚion  de  l̑imƂlicaƚion  deƍ  hROIƍ  danƍ  Ƣn  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚif   d̑inƚéƅêƚ  ̖

Danƍ  le   1 er  caƍ˯  en  Ƃƅenanƚ  ƂoƢƅ  eƿemƂle  le  ƚƅaƹail  ƍƢƅ  WMCA   ˾HESʤʬ˿ ˯  bien  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  l̑analǀƍe  Ƃaƅ  conjoncƚion  noƢƍ  Ƃeƅmeƚƚe  de  conclƢƅe  ƄƢanƚ  à  la  naƚƢƅe  héƚéƅomodale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  hROIƍ  idenƚiǏéeƍ˯  elle  ne  noƢƍ  aƂƂoƅƚe  aƢcƢne  infoƅmaƚion  conceƅnanƚ  la  ƹaƅiabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  l̑imƂlicaƚion  eƚ  de  laƚéƅaliƍaƚion  de  chaƄƢe  hROI  danƍ  leƍ  ƂƅoceƍƍƢƍ  miƍ  en  jeƢ˴  Danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ce  cadƅe˯  la  CAH  eƍƚ  Ƣn  oƢƚil   ad  hoc  Ƃeƅmeƚƚanƚ  de  caƅacƚéƅiƍeƅ  l̑enƍemble  de  hROIƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏéeƍ  en  ƅegƅoƢƂanƚ  leƍ  hROIƍ  aǀanƚ  Ƣn  ƂƅoǏl  ƍimilaiƅe  d̑acƚiƹaƚionƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑aƍǀméƚƅieƍ˴  Danƍ  le  cadƅe  de  ceƚƚe  éƚƢde˯  la  CAH  a  noƚammenƚ  miƍ  en  aƹanƚ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅƚiƚion  en  ʦ  claƍƍeƍ  danƍ  l̑hémiƍƂhèƅe  gaƢche  ˮ  Ƣne  claƍƍe  conƚenanƚ  leƍ  hROIƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅeƍƂondanƚ  aƢ  gǀƅƢƍ  ƍƢƂƅamaƅginal˯  Ƣne  claƍƍe  moƚƅice  eƚ  Ƣne  aƢƚƅe  Ƃƅémoƚƅice˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂƂoƅƚanƚ  l̑hǀƂoƚhèƍe  ƍelon  laƄƢelle  le  ciƅcƢiƚ  ƂeƅceƂƚion̆acƚion   ˾PULʤʩ˿  eƍƚ  imƂliƄƢé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ  leƍ  ƂƅoceƍƍƢƍ  ƂhonologiƄƢeƍ  eƚ  ce˯  ƄƢelle  ƄƢe  ƍoiƚ  la  modaliƚé  de  la  ƚâche˴  Ceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍƢlƚaƚƍ  ƍonƚ  diƍƂonibleƍ  danƍ  la  Ƃƅemièƅe  ƹeƅƍion  de  l̑aƅƚicle  déƂoƍé  ƍƢƅ  la  Ƃlaƚefoƅme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bioRxiv ˯   ƅéƍƢlƚaƚƍ   ƄƢi   n̑onƚ   Ƃaƍ   éƚé   ƂƢbliéƍ   danƍ   la   ƹeƅƍion   Ǐnale   de   ce   ƚƅaƹail˴   ̖̖

ʦ˴ʥ˴ʥ˴ La  claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe  comme  oƢƚil  ̖ ̖ ̖ ̖ ̖ ̖

d̑idenƚiǏcaƚion   deƍ   ƅéƍeaƢƿ   dƢ   ƅeƂoƍ  ̖

La  ƍeconde  manièƅe  d̑Ƣƚiliƍeƅ  la  CAH  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe  Ƃoƅƚaiƚ  ƍƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑idenƚiǏcaƚion  deƍ  ƅéƍeaƢƿ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  Ƃƅéƍenƚƍ  aƢ  ƍein  deƍ  enƍembleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  hROIƍ  idenƚiǏéeƍ  à  l̑aide  de  l̑analǀƍe  Ƃaƅ  conjoncƚion  ̀caƍ   2 ́ ˴  Danƍ  ceƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂeƅƍƂecƚiƹe˯  la  CAH  a  éƚé  ƅéaliƍée  en  Ƣƚiliƍanƚ  l̑algoƅiƚhme  de  Waƅd  ƄƢi  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂaƅƚicƢlièƅemenƚ  adaƂƚé  ƂƢiƍƄƢ̑il  Ƃeƅmeƚ  d̑eƍƚimeƅ  la  ƅeƂƅéƍenƚaƚion  mƢlƚĭéchelleƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑acƚiƹiƚé  céƅébƅale  à  l̑éƚaƚ  de  ƅeƂoƍ  ̀  ˾MICʤʥ˿  eƚ   ˾ORBʤʨ˿ ́ ˴  PlƢƍ  ƂaƅƚicƢlièƅemenƚ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʫʥ  ̖



 ̖

l̑oƅganiƍaƚion  hiéƅaƅchiƄƢe  deƍ  Ƃaƅƚiƚionƍ  obƚenƢeƍ  à  Ƃaƅƚiƅ  dƢ  ƍignal  BOLD  à  l̑éƚaƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƂoƍ  eƍƚ  ƂlƢƍ  ƍƚable  ƹia  Ƣne  analǀƍe  ƍƢƅ  la  moǀenne  de  la  ƂoƂƢlaƚion   ˾ORBʤʨ˿ ˯  comme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

c̑eƍƚ   ici   le   caƍ˴   ̖̖

Danƍ  l̑eƿemƂle  de   ˾HESʤʬ˿ ˯  la  CAH  a  éƚé  ƅéaliƍée  ƍƢƅ  la  maƚƅice  moǀenne  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe  ƅeƂƅéƍenƚanƚ  la  connecƚiƹiƚé  foncƚionnelle  de  ʥʤ  hROIƍ  ƍiƚƢéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ  l̑hémiƍƂhèƅe  gaƢche  ƂoƢƅ  ʤʧ  d̑enƚƅe  elleƍ  eƚ  dƅoiƚ  ƂoƢƅ  le  ƅeƍƚe˴  La  claƍƍiǏcaƚion  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aloƅƍ  Ƃeƅmiƍ  d̑éƚabliƅ  Ƣn  modèle  céƅébƅal  anaƚomŏfoncƚionnel  de  l̑oƅganiƍaƚion  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoceƍƍƢƍ  ƂhonologiƄƢeƍ˴  Ce  modèle  ƅeƂoƍe  noƚammenƚ  ƍƢƅ  Ƣn  ƅéƍeaƢ  inƚƅinƍèƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂliƄƢanƚ  de  manièƅe  concomiƚanƚe  le  ƍillon  ƚemƂoƅal  de  l̑hémiƍƂhèƅe  dƅoiƚ  ̀  i˳e˳  l̑aiƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƍƚéƅieƢƅe  de  la  ƹoie  hƢmaine  ˮ   ˾PERʤʨ˿ ́   eƚ  le  gǀƅƢƍ  ƍƢƂƅamaƅginal  de  l̑hémiƍƂhèƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gaƢche  ƅeǐéƚanƚ˯  ƂoƢƅ  la  Ƃƅemièƅe  foiƍ˯  l˸imbƅicaƚion  héƚéƅomodale  enƚƅe  l˸infoƅmaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƍodiƄƢe  eƚ  ƂhonémiƄƢe ˴  Ceƍ  ƅéƍƢlƚaƚƍ  onƚ  ƅécemmenƚ  éƚé  aƂƂƢǀéƍ  Ƃaƅ  l̑éƚƢde  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖66 67
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ʦ˴ʥ˴ʦ˴ La  claƍƍiǏcaƚion  aƍcendanƚe  hiéƅaƅchiƄƢe  comme  oƢƚil  de  l̑éƚƢde  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de   la   ƹaƅiabiliƚé   inƚeƅindiƹidƢelle   ̖̖

Bien  ƄƢe  ʬʣ  ̾   de  la  ƂoƂƢlaƚion  ƍoiƚ  conƍidéƅée  comme  ƚǀƂiƄƢe  ƂoƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅodƢcƚion  dƢ  langage   ˾MAZʤʧ˿ ˯  leƍ  ʤʣ̾  ƅeƍƚanƚƍ  Ƃƅéƍenƚenƚ  Ƣne  foƅƚe  ƹaƅiabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

allanƚ  d̑Ƣne  dominance  bĭhémiƍƂhéƅiƄƢe  oƢ  Ƣne  dominance  inƹeƅƍe  aloƅƍ  ƍƢƂƂoƅƚée  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑hémiƍƂhèƅe  dƅoiƚ   ˾ZAGʤʪ˿ ˴  Ceƚƚe  dominance  ƚƅadƢiƚ  la  ƍƂécialiƍaƚion  hémiƍƂhéƅiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  foncƚion  cogniƚiƹe  ˮ  ƍƂécialiƍaƚion  déǏnie  comme  la  ƅelaƚion  d̑inƚeƅdéƂendance  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhéƅiƄƢe  enƚƅe  Ƣne  foncƚion  eƚ  ƍon  ƍƢƂƂoƅƚ  anaƚomiƄƢe   ˾TZOʤʩb˿ ˴  La  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍaƚion  deƍ  Ƃaƚƚeƅnƍ  ƅégionaƢƿ˯  deƍ  ƍƚƅƢcƚƢƅeƍ  anaƚomiƄƢeƍ  eƚ  de  leƢƅ  ƅelaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƹec  la  Ƃƅéféƅence  manƢelle  cheǊ  leƍ  indiƹidƢƍ  aƚǀƂiƄƢeƍ  eƍƚ  aloƅƍ  Ƣne  ƄƢeƍƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fondamenƚale  aǏn  d̑éƚƢdieƅ  ƍi  ceƚƚe  aƚǀƂiciƚé  eƍƚ  ƹalable  ƂoƢƅ  d̑aƢƚƅeƍ  ƂhénoƚǀƂeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelƍ  cogniƚifƍ  eƚ  ƍi  ceƍ  ƂhénoƚǀƂeƍ  ƍonƚ  aƍƍociéƍ  à  deƍ  ƹaƅiaƚionƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂoƅƚemenƚ   eƚ   de   caƂaciƚéƍ   cogniƚiƹeƍ˴  ̖

L̑eƿamen  de  l˸oƅganiƍaƚion  foncƚionnelle  dƢ  ƅéƍeaƢ  dƢ  langage  danƍ  l˸hémiƍƂhèƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dominanƚ  ainƍi  ƄƢe  ƍa  cooƅdinaƚion  inƚeƅhémiƍƂhéƅiƄƢe  aƹec  ƍon  conƚƅaƂoƍé  danƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩʩ  La  prosodie  correspond  à  l̑ensemble  des  traits  vocaux  au  cours  de  l̑expression  verbale  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
inǐexion˯  ton˯  tonalité˯  intonation˯  accent  et  modulation  de  la  voix˯  entre  d̑autres  termes  la  prosodie  est  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
la   musique   de   la   parole˴   ̖̖

ʩʪ  Un  phonème  est  la  plus  petite  unité  sonore  de  l̑expression  verbale˴  Le  français  par  exemple  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
comprend   ʦʩ   phonèmes   ˮ   ʤʩ   voyelles   et   ʥʣ   consonnes˴   ̖̖

ʫʦ  ̖



 ̖

l˸hémiƍƂhèƅe  oƂƂoƍé  eƍƚ  donc  néceƍƍaiƅe˴  J̑ai  ainƍi  ƄƢeƍƚionné  la  ƹaƅiabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅ̆indiƹidƢelle  ̀caƍ   3 ́   de  la  ƍƂécialiƍaƚion  hémiƍƂhéƅiƄƢe  ƂoƢƅ  le  langage  en  Ƣƚiliƍanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑aƚlaƍ  SENSAAS   ˾LABʤʬ˿  danƍ  Ƣn  échanƚillon  de  ʥʫʪ  indiƹidƢƍ   ˾LABʥʣ˿ ˴  PoƢƅ  ce  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

faiƅe˯  j˸ai  Ƣƚiliƍé  la  CAH  ƍƢƅ  ƂlƢƍieƢƅƍ  modaliƚéƍ  eƚ  ƂlƢƍieƢƅƍ  échelleƍ˴  En  effeƚ˯  chacƢne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  Ƃaƅƚiƚionƍ  obƚenƢeƍ  ƍe  caƅacƚéƅiƍe  non  ƍeƢlemenƚ  Ƃaƅ  deƍ  ƹaleƢƅƍ  d̑aƍǀméƚƅieƍ  loƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƚƅoiƍ  ƚâcheƍ  langagièƅeƍ  ̀ƂƅodƢcƚion˯  écoƢƚe  eƚ  lecƚƢƅé˯  maiƍ  égalemenƚ  Ƃaƅ  le  degƅé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  cenƚƅaliƚé  eƚ  de  coƅƅélaƚion  inƚeƅ̆hémiƍƂhéƅiƄƢe˯  ƚanƚ  aƢ  niƹeaƢ  ƅégional  ƄƢe  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  dƢ  langage  de  haƢƚ  niƹeaƢ  idenƚiǏé  danƍ  SENSAAS˴  Ce  ƚƅaƹail  idenƚiǏe  ƚƅoiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍeƍ  d˸indiƹidƢƍ  caƅacƚéƅiƍéƍ  Ƃaƅ  deƍ  oƅganiƍaƚionƍ  inƚeƅ̆  eƚ  inƚƅăhémiƍƂhéƅiƄƢeƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  dƢ  langage  difféƅenƚeƍ  ˮ  deƢƿ  gƅoƢƂeƍ  d̑indiƹidƢƍ  ƚǀƂiƄƢeƍ  eƚ  Ƣn  gƅoƢƂe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑indiƹidƢƍ  aƚǀƂiƄƢeƍ˴  Il  noƢƍ  a  égalemenƚ  Ƃeƅmiƍ  de  caƅacƚéƅiƍeƅ  danƍ  ceƍ  ʦ  gƅoƢƂeƍ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹaƅiabiliƚé  de  l˸inƚégƅaƚion  de  l˸infoƅmaƚion  aƢ  ƅeƂoƍ  danƍ  leƍ  ƅégionƍ  de  SENSAAS˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d˸analǀƍeƅ  l˸occƢƅƅence  deƍ  diƍƍociaƚionƍ  de  laƚéƅaliƍaƚion  dƢ  langage  aƢ  coƢƅƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚeƍ  modaliƚéƍ  eƚ  de  meƚƚƅe  en  aƹanƚ  deƍ  difféƅenceƍ  d˸oƅganiƍaƚion  anaƚomiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ   de   comƂéƚenceƍ   cogniƚiƹeƍ˴  ̖

J̑ai  d̑aƢƚƅe  Ƃaƅƚ  déƹeloƂƂé  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe  Ƣne  méƚhode  de  CAH  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚƚanƚ  de  Ƃƅendƅe  en  comƂƚe  la  ƹaƅiabiliƚé  inƚeƅ̆indiƹidƢelle  ̀caƍ   3 ́   loƅƍ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion  eƚ  de  ƄƢeƍƚionneƅ  l̑eƿiƍƚence  de  ƍoƢƍ̆ƂoƂƢlaƚionƍ  aƢ  ƍein  d̑Ƣne  ƂoƂƢlaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  déƂaƅƚ  ̀  cf˳   Paƅƚie  III ́ ˯  noƚammenƚ  danƍ  le  cadƅe  deƍ  donnéeƍ  de  connecƚiƹiƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅinƍèƄƢe  ƄƢi  ƍonƚ  de  ƹéƅiƚableƍ  emƂƅeinƚeƍ  digiƚaleƍ  eƚ  Ƃeƅmeƚƚenƚ  d̑idenƚiǏeƅ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢ   ˾FINʤʨ˿ ˴  AcƚƢellemenƚ˯  il  n̑eƿiƍƚe  Ƃaƍ  de  méƚhode  adaƂƚée  aǏn  de  ƅéƂondƅe  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƚƚe  ƄƢeƍƚion  aƹec  le  ƚǀƂe  de  donnéeƍ  donƚ  noƢƍ  diƍƂoƍonƍ  ˮ  deƍ  donnéeƍ  d̑IRMf  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅidimenƍionnelleƍ˯   i˳e˳  Ƣne  maƚƅice  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  Ƃaƅ  indiƹidƢ˴  En  ʥʣʣʩ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SƢǊƢki  ͇   Shimodaiƅa  onƚ  déƹeloƂƂé  Ƣne  méƚhode˯  nommée   pvclust   ˾SUZʣʩ˿ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚƚanƚ  d˸éƹalƢeƅ  la  ƍƚabiliƚé  d̑Ƣne  Ƃaƅƚiƚion  d̑Ƣn  dendƅogƅamme  à  l̑aide  dƢ  calcƢl  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne   p̅value  non  biaiƍée  obƚenƢe  Ƃaƅ  ƅé̆échanƚillonnage   ˾EFRʬʩ˿ ˴  Ceƚƚe  méƚhode  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƹienƚ  à  deƍ  donnéeƍ  claƍƍiƄƢeƍ  en  ʥ  dimenƍionƍ˯  maiƍ  loƅƍƄƢ̑elle  eƍƚ  adaƂƚée  à  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donnéeƍ  ƚƅidimenƍionnelleƍ˯  la p̅value  obƚenƢe  ne  ƅeǐèƚe  Ƃaƍ  la  ƍƚabiliƚé  deƍ  Ƃaƅƚiƚionƍ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅaƹeƅƍ  la  ƂoƂƢlaƚion˯  maiƍ  la  ƂƅoƂoƅƚion  d̑indiƹidƢƍ  néceƍƍaiƅe  aǏn  d̑obƚeniƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

maƚƅice   de   connecƚiƹiƚé   moǀenne   ƍƚable   à   Ƣn   ƍeƢil   Ǐƿé˴  ̖

ʫʧ  ̖



 ̖

ʥ˳ʥ˳ La  ƚhéorie  deƍ  grapheƍ  comme  oƢƚil  poƢr  la  caracƚériƍaƚion  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

ƚopographiqƢe  dƢ  ƍƢpporƚ  anaƚomo̅foncƚionnel  deƍ  réƍeaƢƿ  ̕ ̕ ̕ ̕ ̕ ̕

cérébraƢƿ  ̕

Le  deƅnieƅ  oƢƚil  Ƣƚiliƍé  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe  a  éƚé  la  ƚhéoƅie  deƍ  gƅaƂheƍ  ̀oƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ́  danƍ  le  bƢƚ  de  caƅacƚéƅiƍeƅ  l̑oƅganiƍaƚion  ƚoƂogƅaƂhiƄƢe  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaƢƿ   ƍƢƂƂoƅƚanƚ   la   laƚéƅaliƍaƚion   deƍ   foncƚionƍ   cogniƚiƹeƍ   aƢ   ƅeƂoƍ˴   ̖̖

Le  conceƂƚ  de connectome  eƍƚ  aƢ  coeƢƅ  de  la  ƅéǐeƿion  acƚƢelle  ƍƢƅ  leƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaƢƿ   ˾FORʤʨ˿ ˴  Ce  ƚeƅme  a  éƚé  inƚƅodƢiƚ  ƂoƢƅ  la  Ƃƅemièƅe  foiƍ  en  ʥʣʣʨ  danƍ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƢblicaƚion  dƢ  Pƅ˴  Olaf  SƂoƅnƍ  ˮ   the  human  connectome   ˾SPOʣʨ˿ ˯  aǏn  de  déǏniƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖

maƚƅice  ƅeƂƅéƍenƚanƚ  ƚoƢƚeƍ  leƍ  Ƃaiƅeƍ  Ƃoƍƍibleƍ  de  conneƿionƍ  anaƚomiƄƢeƍ  enƚƅe  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

difféƅenƚƍ  élémenƚƍ  céƅébƅaƢƿ  ̀dƢ  neƢƅone  à  la  ƅégioń˴  Iniƚialemenƚ˯  ce  ƚeƅme  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƂƅéƍenƚe  donc  l̑éƚaƚ  canoniƄƢe  deƍ  connaiƍƍanceƍ  ƍƢƅ  leƍ  conneƿionƍ  ƍƚƅƢcƚƢƅelleƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƍƢbƍƚance  blanche˴  CeƂendanƚ˯  aƢ  coƢƅƍ  deƍ  ʤʨ  deƅnièƅeƍ  annéeƍ˯  l̑éƚƢde  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connectome  céƅébƅal  hƢmain  a  connƢ  Ƣn  déƹeloƂƂemenƚ  imƂoƅƚanƚ˴  Le  conceƂƚ  ƍ̑eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

généƅaliƍé  eƚ  il  inclƢƚ  à  la  foiƍ  leƍ  maƚƅiceƍ  de  conneƿionƍ  ƍƚƅƢcƚƢƅelleƍ  enƚƅe  deƍ  ƅégionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaleƍ  obƚenƢeƍ  à  l̑aide  de  la  ƚƅacƚogƅaƂhie   ˾GUʤʨ˿ ˯  leƍ  maƚƅiceƍ  d̑inƚeƅacƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚionnelleƍ  obƚenƢeƍ  ƹia  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  ̀en  IRMf  ˮ   ˾ZUOʤʥ˿ ˯  oƢ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

iEEG  ˮ   ˾HEʣʫb˿ ́   eƚ  leƍ  maƚƅiceƍ  ƄƢanƚiǏanƚ  leƍ  oƍcillaƚionƍ  d̑acƚiƹiƚé  neƢƅonale  à  ƂlƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖68

haƢƚeƍ  fƅéƄƢenceƍ  déƚecƚableƍ  Ƃaƅ  leƍ  ƚechniƄƢeƍ  d˸élecƚƅŏ   ˾ENGʤʦ˿  eƚ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

magnéƚŏƂhǀƍiologie    ˾KITʤʨ˿ ˴  ̖

AƢ  ƚoƚal˯  le  cadƅe  dƢ   connectome  offƅe  Ƣne  aƂƂƅoche  conceƂƚƢelle  ƹiƍanƚ  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢanƚiǏeƅ˯  ƹiƍƢaliƍeƅ  eƚ  comƂƅendƅe  l˸oƅganiƍaƚion  en  ƅéƍeaƢƿ  de  l̑acƚiƹiƚé  neƢƅonale  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  mƢlƚiƂleƍ  échelleƍ  ƹaƅianƚ  danƍ  le  ƚemƂƍ  eƚ  l̑eƍƂace  ̀  ˾BASʤʪ˿ ˯   FigƢƅe  ʥʨ ́˴  Le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

domaine  de  la  ƚhéoƅie  deƍ  gƅaƂheƍ  aƂƂliƄƢée  aƢƿ  neƢƅoƍcienceƍ  Ƃeƅmeƚ  égalemenƚ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gƅâce  à  l̑éƚƢde  deƍ  ƂƅoƂƅiéƚéƍ  ƚoƂologiƄƢeƍ  deƍ  ƅéƍeaƢƿ  à  difféƅenƚeƍ  échelleƍ  ̀ƍƂaƚialeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ  ƚemƂoƅelleƍ́˯  d̑éƚƢdieƅ  la  manièƅe  donƚ  l̑infoƅmaƚion  eƍƚ  analǀƍée  eƚ  ƚƅanƍmiƍe  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

échelle  à  l̑aƢƚƅe˯  maiƍ  aƢƍƍi  de  ƄƢelle  façon  la  ƍƚƅƢcƚƢƅe  deƍ  ƅéƍeaƢƿ  conƚƅainƚ  ceƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅanƍmiƍƍion   de   l̑infoƅmaƚion   ̀  ˾BETʤʪ˿ ˯    FigƢƅe   ʥʩ ́˴  ̖

ʩʫ  iEEG  ˮ  ElectroEncéphaloGraphie  intracrânienne˴  L̑iEEG  permet  l̑enregistrement  des  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
potentiels   de   champs   locaux   directement   sur   la   surface   corticale   au   moyen   d̑électrodes˴  ̖

ʫʨ  ̖



 ̖

 ̖
FigƢƅe  ʥʨ  ˮ  Illustration  des  différentes  échelles  temporelles  et  spatiales  couvertes  par  le  concept  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
connectome  dans  le  cadre  de  l̑étude  de  l̑organisation  cérébrale  et  du  comportement  humain˴  Chaque  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
cadre  représente  les  différents  éléments  étudiés  à  l̐aide  de  la  théorie  des  graphes  pour  une  échelle  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
temporelle  et  spatiale  donnée˳  Cette  figure  peut  être  mise  en  parallèle  à  la   Figure  ʤ ˳  Figure  adaptée  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˽BASʣʩ˾ ˳  ̖

 ̖
FigƢƅe  ʥʩ  ˮ  Illustration  du  cerveau  à  différentes  échelles  et  de  ses  mesures  topologiques˴   Les  réseaux  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
cérébraux  sont  organisés  à  plusieurs  échelles  spatio̅temporelles  et  peuvent  être  analysés  à  des  échelles  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
topologiques  ˿réseaux̀  allant  des  propriétés  des  sommets  individuellementˮ  au  réseau  dans  son  ensemble˳  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Figure   adaptée   de    ˽BETʣʩ˾ ˳  ̕

ʫʩ  ̖



 ̖

Danƍ  le  cadƅe  de  ma  ƚhèƍe˯  j̑ai  ƚƅaƹaillé  ƍƢƅ  le   connectome  foncƚionnel  ˮ   i˳e˳  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƚƢde  ƚoƂologiƄƢe  deƍ  ƍommeƚƍ  deƍ  gƅaƂheƍ  conƍƚiƚƢéƍ  à  Ƃaƅƚiƅ  deƍ  maƚƅiceƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe˴  Danƍ  ce  cadƅe˯  chaƄƢe  ligne  oƢ  colonne  de  la  maƚƅice   M iˮj  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƂƅéƍenƚe  Ƣne  ƅégion  céƅébƅale  difféƅenƚe  coƅƅeƍƂondanƚ  aƢƿ   n  ƍommeƚƍ  dƢ  gƅaƂhe˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚandiƍ  ƄƢe  leƍ  ƹaleƢƅƍ  de  chaƄƢe  élémenƚ   M iˮj  ̀  ́  de  la  maƚƅice  ƅeƂƅéƍenƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ i, j) , 2¬...¬n( ¬  1 ¬ ̖ ̖ ̖ ̖ ̖

le  Ƃoidƍ  de  l˸aƅêƚe  ƅelianƚ  leƍ  deƢƿ  ƍommeƚƍ   i  eƚ   j  conƍidéƅéƍ  ̀  FigƢƅe  ʥʪ ́˴  AǏn  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢanƚiǏeƅ  l̑oƅganiƍaƚion  ƚoƂologiƄƢe  d̑Ƣn  ƚel  gƅaƂhe   ˾BULʣʬ˿ ˯  il  eƍƚ  Ƃoƍƍible  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

calcƢleƅ  ƂlƢƍieƢƅƍ  meƍƢƅeƍ  iƍƍƢeƍ  de  la  ƚhéoƅie  deƍ  gƅaƂheƍ  ƚelleƍ  ƄƢe  la  cenƚƅaliƚé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

degƅé   eƚ   la   ƍƢnneƿiƚé   ̀oƢ   cenƚƅaliƚé   d̑inƚeƅmédiaƅiƚé́˴  ̖

 ̖
FigƢƅe  ʥʪ  ˮ  Représentation  en  réseau  de  la  connectivité  intrinsèque  cérébrale  globale˴   A˴   Matrice  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
connectivité  intrinsèque  moyenne  de  ʨʩ  individus  droitiers  typiques  ˿d̐après   ˽LABʤ0˾ ̀˳  Chaque  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ligne˹colonne  correspond  à  une  des  ʥʪʦ  hROIs  d̐AICHA˳  Les  rectangles  jauneˮ  saumon  et  bleu  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
correspondent  aux  hROIs  du  cortex  associatif  unimodalˮ  hétéromodal  et  primaire  respectivement  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
˿d̐après  les  résultats  illustrés  en   Figure  ʣʣ ̀˳  Les  valeurs  de  la  matrice  correspondent  aux  corrélations  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
entre  ʤ  signaux  BOLD  à  l̐état  de  repos  ˭  plus  la  case  est  bleueˮ  plus  la  corrélation  est  négativeˮ  plus  elle  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
est  rougeˮ  plus  elle  est  positive˳  HG  ˭  hémisphère  gaucheˮ  HD  ˭  hémisphère  droit˳   B˴  Visualisation  sous  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
forme  de  grapheˮ  projeté  dans  l̐espace  MNIˮ  de  la  matrice  de  connectivité  intrinsèque  présentée  en   A ˳  Les  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
sommets  ˿ou  hROIs̀  du  graphe  sont  représentés  par  des  sphères  dont  les  coordonnées  correspondent  au  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
centre  de  masse  des  hROIs  d̐AICHA˳  La  taille  des  sphères  est  proportionnelle  à  leur  valeur  de  centralité  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de  degré  pondérée˳  Seuls  les  ʧ̽  des  corrélations  positives  les  plus  élevées  sont  affichées˳  Les  segments  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
noirs   correspondent   aux   arêtes   reliant   deux   sommets˳   ̕̕

Le  calcƢl  deƍ  difféƅenƚeƍ  meƍƢƅeƍ  caƅacƚéƅiƍanƚ  leƍ  ƍommeƚƍ  dƢ  gƅaƂhe  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƢniƄƢemenƚ  ƅéaliƍé  ƍƢƅ  leƍ  coefǏcienƚƍ  de  coƅƅélaƚion  de  Peaƅƍon  Ƃoƍiƚifƍ  de  la  maƚƅice  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  connecƚiƹiƚé  inƚƅinƍèƄƢe˯  en  conƍeƅƹanƚ  leƍ  coefǏcienƚƍ  de  coƅƅélaƚion  faibleƍ˴  En  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

effeƚ˯  leƍ  méƚhodeƍ  acƚƢelleƍ  de  ƚhéoƅie  deƍ  ƅéƍeaƢƿ  ne  Ƃeƅmeƚƚenƚ  Ƃaƍ  de  ƄƢanƚiǏeƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʫʪ  ̖



 ̖

ƅôle  deƍ  coƅƅélaƚionƍ  foncƚionnelleƍ  négaƚiƹeƍ  danƍ  l̑oƅganiƍaƚion  globale  d̑Ƣn  ƅéƍeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ ˾RUBʤʣ˿  eƚ   ˾POWʤʣ˿ ́˴  Leƍ  faibleƍ  coƅƅélaƚionƍ  Ƃoƍiƚiƹeƍ  ̀≃ʣ́  ƍonƚ  conƍeƅƹéeƍ  deƂƢiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  leƢƅ  imƂoƅƚance  a  éƚé  démonƚƅée˯  noƚammenƚ  danƍ  la  caƅacƚéƅiƍaƚion  de  la  ƚoƂologie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  indiƹidƢƍ  aƚƚeinƚƍ  de  ƍchiǊoƂhƅénie   ˾BASʤʥ˿ ˯  eƚ  danƍ  l̑eƿƂlicaƚion  de  la  ƹaƅiabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅindiƹidƢelle   deƍ   Ƃeƅfoƅmanceƍ   cogniƚiƹeƍ   ̀  ˾COLʤʥ˿    eƚ    ˾SANʤʧ˿ ́ ˴   ̖̖

La  cenƚƅaliƚé  de  degƅé  Ƃondéƅée  ̀DC  ˮ   degree  centrality ˯   ˾RUBʤʣ˿ ́   eƍƚ  la  meƍƢƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖

la  ƂlƢƍ  ƍimƂle  ƄƢ̑il  eƍƚ  Ƃoƍƍible  de  calcƢleƅ  danƍ  Ƣn  gƅaƂhe˴  La  DC  coƅƅeƍƂond  à  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍomme   deƍ   coƅƅélaƚionƍ   de   chaƄƢe   ƍommeƚ    j    ˮ  ̖̖

 CD i  ∑
Q

j
M i, j ̖

La  DC  eƍƚ  inƚeƅƂƅéƚée  comme  éƚanƚ  la  ƄƢanƚiƚé  d̑infoƅmaƚionƍ  ƄƢ̑Ƣne  ƅégion  ƹa  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeceƹoiƅ  de  la  Ƃaƅƚ  deƍ  aƢƚƅeƍ  ƅégionƍ  dƢ  ƅéƍeaƢ  aƢƄƢel  elle  eƍƚ  diƅecƚemenƚ  connecƚée˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Elle  meƍƢƅe  aloƅƍ  l̑imƂoƅƚance  d̑Ƣne  ƅégion  donnée  aƢ  ƍein  de  ƍon  ƅéƍeaƢ  en  foncƚion ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ  nombƅe  eƚ  de  la  foƅce  deƍ  inƚeƅacƚionƍ  ƄƢ̑elle  enƚƅeƚienƚ  aƹec  leƍ  aƢƚƅeƍ  ƅégionƍ˴  SƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

le  Ƃlan  ƂhǀƍiologiƄƢe˯  la  DC  a  éƚé  miƍe  en  ƅelaƚion  aƹec  l˸agƅégaƚion  de  ơ̆amǀloïdeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖69

danƍ  la  maladie  d̑AlǊheimeƅ  ˮ   i˳e˳  ƂlƢƍ  Ƣne  ƅégion  céƅébƅale  inƚègƅe  de  l̑infoƅmaƚion  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑éƚaƚ  de  ƅeƂoƍ˯  ƂlƢƍ  cellĕci  eƍƚ  ciblée  Ƃaƅ  le  déƂôƚ  de  ơ̆amǀloïdeƍ   ˾BUCʣʬ˿ ˴  La  DC  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

égalemenƚ  aƍƍociée  aƢƿ  ƂƅoǏlƍ  d̑eƿƂƅeƍƍion  deƍ  gèneƍ  ̀  ˾FREʤʤ˿  eƚ   ˾WOLʤʤ˿ ́ ˴  AƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƢƅƍ  de  ceƚƚe  ƚhèƍe  j̑ai  démonƚƅé  ƄƢ̑Ƣne  foƅƚe  ƹaleƢƅ  de  DC  eƍƚ  coƅƅélée  à  l̑amƂliƚƢde  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑acƚiƹaƚion  aƢ  coƢƅƍ  de  la  ƅéaliƍaƚion  de  ƚâcheƍ  langagièƅeƍ˯  conǏƅmanƚ  de  faiƚ  ƍon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂƂoƅƚ   ƂhǀƍiologiƄƢe    ˾LABʤʬ˿ ˴   ̖̖

J̑ai  calcƢlé  la  ƍƢnneƿiƚé  ̀BC  ˮ   betweenness  centrality ˯   ˾RUBʤʣ˿ ́   aƢ  ƍenƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖

˾OPSʤʣ˿  à  l̑aide  de  la  libƅaiƅie  R  ̎  igraph ̏    ˾CSAʣʩ˿ ˴  La  BC  d˸Ƣne  ƅégion  eƍƚ  déǏnie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comme  le  ƚaƢƿ  de  ƂaƅƚiciƂaƚion  de  ceƚƚe  ƅégion  Ƃaƅmi  l˸enƍemble  deƍ  ƂlƢƍ  coƢƅƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cheminƍ  enƚƅe  Ƣne  Ƃaiƅe  de  ƍommeƚƍ  dƢ  gƅaƂhe˴  La  BC  meƍƢƅe  la  déƂendance  dƢ  ƅéƍeaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

à   Ƣne   ƅégion   ƍƂéciǏƄƢe   ƂoƢƅ   ƍa   commƢnicaƚion   globale˴  ̖

Finalemenƚ˯  à  Ƃaƅƚiƅ  deƍ  ƹaleƢƅƍ  de  DC  eƚ  de  BC˯  il  eƍƚ  Ƃoƍƍible  d̑idenƚiǏeƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégionƍ  diƚeƍ   hubs ˴  J̑ai  Ƣƚiliƍé  la  déǏniƚion  dƢ   hub  mƢlƚĭcƅiƚèƅeƍ  de  SƂoƅn   ˾SPOʣʪ˿  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  ƹan  den  HeƢƹel   ˾HEUʤʣb˿ ˴  Une  ƅégion  eƍƚ  Ƣn   hub  ƍi  ƍeƍ  ƹaleƢƅƍ  de  DC  eƚ  de  BC  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩʬ  La  β̆amyloïde  est  une  protéine  se  déposant  sur  les  neurones˯  conduisant  à  la  formation  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
plaque  qui  vont  bloquer  la  communication  synaptique˴  Cette  protéine  a  été  mise  en  relation  avec  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
maladie  d̑AlǊheimer ˾FINʣʪ˿ ˯  bien  que  son  rôle  exact  dans  l˸apparition  et  le  développement  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
maladie   ne   soit   pas   connu˴   ̖̖

ʫʫ  ̖



 ̖

ƍonƚ  ƂlƢƍ  gƅandeƍ  ƄƢe  la  moǀenne  ƂlƢƍ  Ƣne  foiƍ  l̑écaƅƚ̆ƚǀƂe  deƍ  ƹaleƢƅƍ  de  DC  eƚ  de  BC  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  l̑enƍemble  dƢ  gƅaƂhe  ̀  FigƢƅe  ʥʫ ́˴  Il  a  éƚé  monƚƅé  ƄƢ̑il  eƿiƍƚe  Ƣn  lien  éƚƅoiƚ  enƚƅe  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

débiƚ  ƍangƢin  céƅébƅal  meƍƢƅé  en  TEP  eƚ  la  ƚoƂologie  deƍ  ƅéƍeaƢƿ  céƅébƅaƢƿ  à  l̑éƚaƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƂoƍ   ˾LIAʤʦ˿ ˯  offƅanƚ  Ƣn  ƍƢƂƂoƅƚ  ƂhǀƍiologiƄƢe  aƢƿ   hubs ˴  De  même˯  leƍ   hubs  onƚ  éƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

localiƍéƍ  danƍ  deƍ  ƅégionƍ  céƅébƅaleƍ  aǀanƚ  Ƣn  ƚaƢƿ  éleƹé  de  méƚaboliƍme  dƢ  glƢcoƍe  ƹia  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  meƍƢƅeƍ  ƅéaliƍéeƍ  en  TEP   ˾TOMʤʦ˿ ˴  Finalemenƚ˯  la  caƅacƚéƅiƍƚiƄƢe  ƚoƂologiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

faiƍanƚ  d̑Ƣne  ƅégion  céƅébƅale  Ƣn   hub  ƍemble  êƚƅe  aƍƍociée  à  ƍon  eƿƂƅeƍƍion  géniƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾FULʤʩ˿ ˴  ̖

 ̖
FigƢƅe  ʥʫ  ˮ  Représentation  du  réseau  de  connectivité  intrinsèque  cérébrale  globale  dans  l̑espace  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
topologique˴   Graphe  obtenu  à  partir  de  la  matrice  de  la   Figure  ʤʩ  ̅   A˳ ˮ  seuillée  pour  ne  conserver  que  les ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ʧ̽  des  corrélations  positives  les  plus  élevées˳  Le  réseau  de  sommets  les  plus  connectés  entre  eux  ˿ou  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
rich̅club̀  est  ici  mis  en  avantˮ  les  autres  sommets  ayant  un  niveau  de  transparence  plus  élevé˳  En  jauneˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
saumon  et  bleu  les  hROIs  du  cortex  associatif  unimodalˮ  hétéromodal  et  primaire  respectivement  ˿d̐après  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
les   résultats   illustrés   en    Figure   ʣʣ ̀˳  ̖

La  ƚhéoƅie  deƍ  gƅaƂheƍ  aƂƂliƄƢée  aƢƿ  neƢƅoƍcienceƍ  offƅe  égalemenƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃoƍƍibiliƚé  d̑éƚƢdieƅ  leƍ  Ƃaƚhologieƍ  ƂƍǀchiaƚƅiƄƢeƍ  oƢ  neƢƅologiƄƢeƍ  comme  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍchiǊoƂhƅénie  ̀  ˾BASʣʫ˿  eƚ   ˾HEʣʫa˿ ́   oƢ  la  maladie  d̑AlǊheimeƅ  ̀  ˾SUPʣʫ˿  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾BUCʣʬ˿ ́ ˴  Leƍ  conƍéƄƢenceƍ  de  ceƍ  Ƃaƚhologieƍ˯  ƚelleƍ  ƄƢe  deƍ  déǏciƚƍ  foncƚionnelƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʫʬ  ̖



 ̖

ƂeƢƹenƚ  aloƅƍ  êƚƅe  aƍƍociéeƍ  à  deƍ  ƂeƅƚƢƅbaƚionƍ  de  la  ƚoƂologie  dƢ  ƅéƍeaƢ  céƅébƅal˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƂologie   miƍe   en   éƹidence   Ƃaƅ   leƍ   meƍƢƅeƍ   de   ƚhéoƅie   deƍ   gƅaƂheƍ˴   ̖̖

La  ƚhéoƅie  deƍ  gƅaƂheƍ  a  égalemenƚ  Ƃeƅmiƍ  de  meƚƚƅe  en  aƹanƚ  l̑agencemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂleƿe  dƢ  ceƅƹeaƢ  ƹia  la  miƍe  en  éƹidence  de  ƍon  oƅganiƍaƚion  en  ƅéƍeaƢ  ̎ Ƃeƚiƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mondȅ  ̀  small̅world ˯   ˾BASʤʪb˿ ́   ˮ   i˳e˳  Ƣn  ƅéƍeaƢ  ni  ƚoƚalemenƚ  déƍoƅdonné˯  ni  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚoƚalemenƚ  ƅégƢlieƅ˴  Ce  ƚǀƂe  de  ƅéƍeaƢ  eƍƚ  caƅacƚéƅiƍé  Ƃaƅ  Ƣne  ƚendance  à  conƚeniƅ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƍemble  de  ƍoƢƍ̆ƅéƍeaƢƿ  donƚ  leƍ  conneƿionƍ  enƚƅe  leƍ  ƅégionƍ  ƄƢi  leƍ  comƂoƍenƚ  ƍonƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅeƍƄƢe  comƂlèƚeƍ  ˮ  c̑eƍƚ̆à̆diƅe  ƄƢ̑Ƣne  ƅégion  d̑Ƣn  ƍoƢƍ̆ƅéƍeaƢ  eƍƚ  connecƚée  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑enƍemble  deƍ  aƢƚƅeƍ  ƅégionƍ  de  ƍon  ƍoƢƍ̆ƅéƍeaƢ˴  Un  ƚel  ƚǀƂe  d̑oƅganiƍaƚion  imƂliƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƄƢe  leƍ  ƍoƢƍ̆ƅéƍeaƢƿ  ƍonƚ  aloƅƍ  connecƚéƍ  enƚƅe  eƢƿ  Ƃaƅ  leƍ  ƅégionƍ   hubs  ƄƢi  foƅmenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donc   enƚƅe   elleƍ   Ƣn   ƅéƍeaƢ   diƚ    rich̅club    ̀  ˾HAGʣʫ˿ ˯    FigƢƅe   ʥʫ ́˴  ̖ʩ0

Une  ƅeƹƢe  comƂlèƚe  deƍ  Ƃoƍƍibiliƚéƍ  offeƅƚeƍ  Ƃaƅ  la  ƚhéoƅie  deƍ  gƅaƂheƍ  aƂƂliƄƢée  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƢƿ  neƢƅoƍcienceƍ  eƍƚ  diƍƂonible  danƍ   ˾RUBʤʣ˿  eƚ   ˾BASʤʪ˿ ˴  Beƅƚoleƅo  ͇   Baƍƍeƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƂoƍenƚ  ƄƢanƚ  à  eƢƿ  Ƣne  ƅeƹƢe  eƿhaƢƍƚiƹe  conceƅnanƚ  le  caƅacƚèƅe  mécaniƍƚiƄƢe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖71

eƿƂlicaƚionƍ  offeƅƚeƍ  Ƃaƅ  la  ƚhéoƅie  deƍ  gƅaƂheƍ  en  neƢƅoƍcience  eƚ  de  ƄƢelle  manièƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

elleƍ  ƍ˸inƚeƅjecƚenƚ  eƚ  conƚƅibƢenƚ  aƢƿ  eƿƂlicaƚionƍ  claƍƍiƄƢeƍ  deƍ  neƢƅoƍcienceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾BERʥʣ˿ ˴   ̖̖

 ̖

ʪ0  Un  réseau  dit   rich̅club  est  formé  par  des  régions   hubs  densément  inter̆connectées  qui  ont  un  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
rôle   central   dans   la   diffusion   efǏcace   du   ǐux   d̑information   dans   le   réseau   global˴  ̖

ʪ1  La  mécanistique  est  une  théorie  philosophique  qui  considère  que  tout  phénomène  est  le  produit  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
des   propriétés   mécaniques   de   la   matière˴  ̖

ʬʣ  ̖



 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

Paƅƚie   II  ̖

Aƚlaƍ   ƍƢƂƅaŖŢdal   deƍ   ƅéƍeaƢƿ   dƢ   ƚƅaiƚeŖeŘƚ   de   la  ̖
Ƃhƅaƍe   eƚ   aƚlaƍ   héƚéƅŢŖŢdal   deƍ   ƅéƍeaƢƿ   dƢ  ̖

ƚƅaiƚeŖeŘƚ   de   liƍƚeƍ   de   ŖŢƚƍ  ̖

ʬʤ  ̖



 ̖

L̑objecƚif  oƅiginal  de  ceƚƚe  ƚhèƍe  eƍƚ  de  conƍƚƅƢiƅe  deƍ  aƚlaƍ  de  ƅégionƍ  d̑inƚéƅêƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƅéƍeaƢƿ  cogniƚifƍ  laƚéƅaliƍéƍ˴  Je  Ƃƅéƍenƚeƅai  ƂlƢƍ  ƂaƅƚicƢlièƅemenƚ  leƍ  deƢƿ  aƚlaƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage   ƄƢe   noƢƍ   aƹonƍ   déƹeloƂƂéƍ   eƚ   ƄƢi   onƚ   éƚé   ƂƢbliéƍ˴  ̖

Mon  ƚƅaƹail  ƍ̑eƍƚ  baƍé  ƍƢƅ  Ƣne  ƂƅocédƢƅe  ̎ inƹeƅƍȅ  ƄƢi  eƍƚ  fondée  ƍƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑idenƚiǏcaƚion  deƍ  ƅégionƍ  à  Ƃaƅƚiƅ  de  leƢƅ  imƂlicaƚion  aƢ  coƢƅƍ  de  ƚâcheƍ  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅaƍƚeƍ  ƍƂéciǏƄƢeƍ  d̑Ƣn  domaine  donné  de  la  cogniƚion˴  NoƢƍ  aƹonƍ  donc  faƹoƅiƍé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  homogénéiƚé  foncƚionnelle˯  obƚenƢe  à  Ƃaƅƚiƅ  de  l̑acƚiƹiƚé  éƹoƄƢée  Ƃaƅ  leƍ  ƚâcheƍ˯  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅƚanƚ  d̑Ƣn   a  priori  ƍƢƅ  leƢƅ  imƂlicaƚion  danƍ  Ƣn  domaine  de  la  cogniƚion˯  ƂlƢƚôƚ  ƄƢe  ̖ ̖ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅ  Ƣne  homogénéiƚé  dƢ  ƍignal  deƍ  ROIƍ˴  DéǏniƅ  leƍ  ƅôleƍ  foncƚionnelƍ  de  ROIƍ  à  Ƃaƅƚiƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑acƚiƹaƚionƍ  éƹoƄƢéeƍ  obƚenƢeƍ  cheǊ  leƍ  mêmeƍ  ƍƢjeƚƍ˯  ƚoƢƍ  caƅƚogƅaƂhiéƍ  ƍƢƅ  le  même  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂaƅeil  d̑IRM˯  offƅe  Ƣne  homogénéiƚé  eƚ  Ƣne  ƍenƍibiliƚé  ƍimilaiƅe  à  ƚƅaƹeƅƍ  leƍ  ƍƢjeƚƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ   difféƅenƚeƍ   ƚâcheƍ   cogniƚiƹeƍ   eƿƂloƅéeƍ˴   ̖̖

PoƢƅ  faiƅe  ce  ƚƅaƹail  noƢƍ  aƹonƍ  eƿƂloiƚé  la  BIL͇GIN   ˾MAZʤʩ˿ ˯  Ƣne  baƍe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donnéeƍ  ƄƢi  offƅe  la  Ƃoƍƍibiliƚé  d̑idenƚiǏeƅ  leƍ  ƅéƍeaƢƿ  éƹoƄƢéƍ  danƍ  ƂlƢƍieƢƅƍ  domaineƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  la  cogniƚion˴  Elle  inclƢƚ  en  effeƚ  ʦʣʣ  ƚémoinƍ  ƹolonƚaiƅeƍ  ƍainƍ  aǀanƚ  éƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅƚogƅaƂhiéƍ  en  IRMf  Ƃendanƚ  la  comƂléƚion  de  ʤʤ  ƚâcheƍ  cogniƚiƹeƍ  eƚ  Ƃendanƚ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƄƢiƍiƚion  de  ƅeƂoƍ˴  Paƅmi  l̑enƍemble  deƍ  ƂaƅƚiciƂanƚƍ  de  la  BIL͇GIN˯  noƢƍ  aƹonƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍélecƚionné  leƍ  indiƹidƢƍ  dƅoiƚieƅƍ  ƂoƢƅ  la  conƍƚƅƢcƚion  deƍ  aƚlaƍ˯  l̑éƄƢiƂe  aǀanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

démonƚƅé  leƢƅ  homogénéiƚé  en  ƚeƅmeƍ  de  dominance  de  l˸hémiƍƂhèƅe  gaƢche  ƂoƢƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage   ̀  ˾MAZʤʧ˿   eƚ    ˾ZAGʤʩ˿ ́ ˴  ̖72

L̑aƢƚƅe  aƍƂecƚ  méƚhodologiƄƢe  oƅiginal  de  ce  ƚƅaƹail  de  ƚhèƍe  eƍƚ  la  Ƃƅiƍe  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂƚe  d̑Ƣn  élémenƚ  eƍƍenƚiel  de  l̑oƅganiƍaƚion  céƅébƅale  danƍ  la  conƍƚƅƢcƚion  deƍ  aƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƅéƍeaƢƿ  dƢ  langage  ˮ  la  ƍƂécialiƍaƚion  hémiƍƂhéƅiƄƢe˴  La  ƍƂécialiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhéƅiƄƢe  ƍe  ƚƅadƢiƚ  Ƃaƅ  deƍ  aƍǀméƚƅieƍ  d̑acƚiƹaƚion  ƄƢi  ƍonƚ  le  maƅƄƢeƢƅ  diƅecƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƍƂécialiƍaƚion  d̑Ƣn  hémiƍƂhèƅe  ƂoƢƅ  Ƣne  foncƚion  donnée˴  La  ƍƂécialiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhéƅiƄƢe  eƍƚ  donc  Ƣne  ƅelaƚion  d˸inƚeƅdéƂendance  hémiƍƂhéƅiƄƢe  enƚƅe  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foncƚion  moƚƅice˯  ƍenƍoƅielle  oƢ  cogniƚiƹe  eƚ  Ƣn  enƍemble  de  ƍƚƅƢcƚƢƅeƍ  céƅébƅaleƍ˴  Ceƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅdéƂendance  comƂƅend  à  la  foiƍ  la  localiƍaƚion  danƍ  Ƣn  hémiƍƂhèƅe  donné  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  ƄƢi  onƚ  deƍ  ƂƅoƂƅiéƚéƍ  foncƚionnelleƍ  ƢniƄƢeƍ  eƚ  leƍ  mécaniƍmeƍ  ƄƢi  Ƃeƅmeƚƚenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  cooƅdinaƚion  inƚeƅ̆hémiƍƂhéƅiƄƢe  néceƍƍaiƅe  ƂoƢƅ  Ƣn  ƚƅaiƚemenƚ  efǏcace   ˾TZOʤʩb˿ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪ2  ʬʫ̾  des  droitiers  ont  leur  hémisphère  gauche  dominant  pour  la  production  du  langage  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
˾MAZʤʧ˿ ˴  ̖

ʬʥ  ̖



 ̖

Le  caƍ  le  ƂlƢƍ  éƚƢdié  eƍƚ  celƢi  dƢ  langage  ˮ  leƍ  aƍǀméƚƅieƍ  gaƢcheƍ  meƍƢƅéeƍ  en  IRMf  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃendanƚ  leƍ  ƚâcheƍ  de  langage  ƍonƚ  en  effeƚ  concoƅdanƚeƍ  aƹec  la  miƍe  en  éƹidence  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑hémiƍƂhèƅe  diƚ  dominanƚ  ƂoƢƅ  le  langage˯  c̑eƍƚ̆à̆diƅe  l̑hémiƍƂhèƅe  ƄƢi˯  loƅƍƄƢ̑il  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inacƚiƹé  Ƃaƅ  ƍon  aneƍƚhéƍie  aƢ  coƢƅƍ  dƢ  ƚeƍƚ  de  Wada   ˾WADʩʣ˿ ˯  enƚƅaîne  Ƣne  aƂhaƍie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖73

̀ ˾DYMʣʤ˿ ˯   ˾DROʣʧ˿  eƚ  ˾MESʤʧ˿ ́ ˴  La  conƚƅainƚe  d̑idenƚiǏcaƚion  de  ROIƍ  laƚéƅaliƍéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂoƢƅ  le  langage  ƍoƢƍ̆enƚend  le  calcƢl  de  leƢƅƍ  aƍǀméƚƅieƍ  aƢ  coƢƅƍ  deƍ  difféƅenƚeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  lingƢiƍƚiƄƢeƍ  ƅegaƅdéeƍ˴  PoƢƅ  ce  faiƅe˯  noƢƍ  aƹonƍ  Ƣƚiliƍé  leƍ  hROIƍ  de  l̑aƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

AICHA  ƄƢi  Ƃeƅmeƚƚenƚ  le  calcƢl  d̑aƍǀméƚƅieƍ  d̑acƚiƹaƚionƍ  baƍéeƍ  ƍƢƅ  Ƣne  oƅganiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

homoƚoƂe˯  c̑eƍƚ̆à̆diƅe  de  hROIƍ  foncƚionnellemenƚ  éƄƢiƹalenƚeƍ  danƍ  leƍ  deƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hémiƍƂhèƅeƍ    ˾JOLʤʨ˿ ˴  ̖

La  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  l̑éƚaƚ  de  ƅeƂoƍ  Ƃeƅmeƚƚanƚ  d̑idenƚiǏeƅ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍeƅ  l̑oƅganiƍaƚion  en  ƅéƍeaƢƿ  ƍoƢƍ̆ƚendanƚ  leƍ  foncƚionƍ  cogniƚiƹeƍ  ̀  ˾BISʬʨ˿   eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾YEOʤʤ˿ ́˯  noƢƍ  aƹonƍ  aƂƂliƄƢé  aƢƿ  hROIƍ  ƍélecƚionnéeƍ  Ƃaƅ  leƍ  ƚâcheƍ  éƹoƄƢéeƍ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

analǀƍe  de  leƢƅ  connecƚiƹiƚé  inƚƅinƍèƄƢe˴  En  effeƚ  ceƚƚe  méƚhode  eƍƚ  efǏcace  ƂoƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍeƅ  l̑oƅganiƍaƚion  en  ƅéƍeaƢƿ  deƍ  foncƚionƍ  cogniƚiƹeƍ  ̀  ˾BISʬʨ˿   eƚ   ˾YEOʤʤ˿ ́ ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ceƚƚe  aƂƂƅoche  noƢƍ  a  Ƃeƅmiƍ  de  diƍƚingƢeƅ˯  aƢ  ƍein  deƍ  ƅégionƍ  cŏacƚiƹéeƍ  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cŏaƍǀméƚƅiƄƢeƍ˯  celleƍ  ƄƢi  ƍonƚ  foncƚionnellemenƚ  connecƚéeƍ  en  Ƣn  oƢ  ƂlƢƍieƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ˴  TƢƅken  eƚ  Dƅonkeƅƍ  foƢƅniƍƍenƚ  Ƣn  eƿemƂle  de  ce  conceƂƚ  aƂƂliƄƢé  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

domaine  dƢ  langage  en  ƅéaliƍanƚ  Ƣne  analǀƍe  Ƃaƅ   seed  deƍ  coƅƅélaƚionƍ  à  l̑éƚaƚ  de  ƅeƂoƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢ  gǀƅƢƍ  ƚemƂoƅal  moǀen  ̀ƅégion  donƚ  leƍ  léƍionƍ  ƍonƚ  aƍƍociéeƍ  à  deƍ  ƚƅoƢbleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂhaƍiƄƢeƍ́  eƚ  Ƃaƅ  ce  biaiƍ  meƚƚenƚ  en  aƹanƚ  Ƣn  ƅéƍeaƢ  d̑aiƅeƍ  connecƚéeƍ  aƢ  ƅeƂoƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢƍ̆ƚendanƚ  la  comƂƅéhenƍion  dƢ  langage   ˾TURʤʤ˿ ˴  De  ƂlƢƍ˯  eƚ  comme  le  ƍoƢligne  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Pƅ˴  Bhaƅaƚ  Biƍƺal˯  l̑éƚƢde  de  l̑oƅganiƍaƚion  deƍ  ROIƍ  en  ƍoƢƍ̆ƅéƍeaƢƿ  céƅébƅaƢƿ  ̀ ici  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  ƍoƢƍ̆ƅéƍeaƢƿ  dƢ  langagé  conƚienƚ  deƍ  ƂƅoƂƅiéƚéƍ  ƍƢƂƂlémenƚaiƅeƍ  de  celleƍ  obƚenƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

à  Ƃaƅƚiƅ  deƍ  ƅéƍeaƢƿ  céƅébƅaƢƿ  idenƚiǏéƍ  à  l̑aide  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑enƍemble  dƢ  ceƅƹeaƢ   ˾BISʤʥ˿ ˴  Paƅ  ailleƢƅƍ˯  leƍ  meƍƢƅeƍ  de  connecƚiƹiƚé  ƂeƢƹenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foƢƅniƅ  deƍ  infoƅmaƚionƍ  eƍƍenƚielleƍ  ƍƢƅ  la  manièƅe  donƚ  leƍ  hROIƍ  ƍonƚ  connecƚéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚƅe  elleƍ  eƚ  ƍƢƅ  leƢƅ  oƅganiƍaƚion  en  ƅéƍeaƢ˴  Leƍ  méƚhodeƍ  d̑analǀƍe  de  gƅaƂhe ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖74

ʪ3  Le  terme  ˷aphasie˷  désigne  une  perturbation  du  traitement  du  langage  causée  par  une  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
dysfonction  dans  certaines  régions  du  cerveau˴  Les  troubles  aphasiques  incluent  des  difǏcultés  ou  une  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
impossibilité  totale  de  la  compréhension  du  langage  et˺ou  de  sa  production˯  causée  par  des  lésions  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
respectivement   des   régions   du   langage   postérieures   ou   antérieures˴    ˾MESʣʣ˿  ̖

ʪʧ   cf˳   Partie  I  ̆   ʦ˴ʦ˴  La  théorie  des  graphes  comme  outil  pour  la  caractérisation  topographique  du  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
support   anatomŏfonctionnel   des   réseaux   cérébraux ˴  ̖

ʬʦ  ̖



 ̖

aƂƂliƄƢéeƍ  à  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  offƅenƚ  ainƍi  la  Ƃoƍƍibiliƚé  de  caƅacƚéƅiƍeƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅégion  à  ƚƅaƹeƅƍ  ƍon  ƅôle  ƚoƂologiƄƢe  danƍ  le  ƅéƍeaƢ  à  laƄƢelle  elle  aƂƂaƅƚienƚ˴  Ceƚƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍaƚion  ƂeƢƚ  êƚƅe  effecƚƢée  Ƃaƅ  l̑idenƚiǏcaƚion  de  ƅégionƍ  eƍƍenƚielleƍ  à  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  donné  eƚ  donc  eƍƍenƚielleƍ  à  la  oƢ  leƍ  foncƚionƍ  cogniƚiƹeƍ  ƄƢ˸elleƍ  ƍoƢƚiennenƚ  ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ce   ƍonƚ   leƍ    hubs    dƢ   ƅéƍeaƢ    ˾SPOʣʪ˿ ˴   ̖̖

 ̖

Ceƚƚe  aƂƂƅoche  oƅiginale˯  eƚ  mƢlƚimodale˯  noƢƍ  a  Ƃeƅmiƍ  à  la  foiƍ  de  ƂƅodƢiƅe  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  maiƍ  égalemenƚ  de  caƅacƚéƅiƍeƅ  leƍ  ƅégionƍ  céƅébƅaleƍ  ƍoƢƍ̆ƚendanƚ  leƍ  baƍeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomŏfoncƚionnelleƍ  de  la  laƚéƅaliƍaƚion  dƢ  langage  eƚ  leƍ  ƅelaƚionƍ  enƚƅe  acƚiƹaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƚ   connecƚiƹiƚé˴   

ʤ˴ SENSAAS   ˮ   ƢŘ   aƚōaƍ   deƍ   aĸƅeƍ   ƍƢƂƅăŖŢdaōeƍ   de   ōa   Ƃhƅaƍe  ̖
 ̖

Labache,  L˴ ˯  Jolioƚ˯  M˴˯  Saƅacco˯  J˴˯  Jobaƅd˯  G˴˯  Heƍling˯  I˴˯  Zago˯  L˴˯  ˴˴˴  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʬ́˴  A  SENƚence  SƢƂƅamodal  Aƅeaƍ  AƚlaS  ̀SENSAAŚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

baƍed  on  mƢlƚiƂle  ƚaƍk̆indƢced  acƚiƹaƚion  maƂƂing  and  gƅaƂh  analǀƍiƍ  of  inƚƅinƍic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚǀ  in  ʤʧʧ  healƚhǀ  ƅighƚ̆handeƅƍ˴   Brain  Structure  and  Functionˮ  22ʦ ̀ʥ́˯  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̖

ʫʨʬ̆ʫʫʥ˴  ̖

 ̖

ʬʧ  ̖
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Abstract
We herein propose an atlas of 32 sentence-related areas based on a 3-step method combining the analysis of activation and 
asymmetry during multiple language tasks with hierarchical clustering of resting-state connectivity and graph analyses. 144 
healthy right-handers performed fMRI runs based on language production, reading and listening, both with sentences and 
lists of over-learned words. Sentence minus word-list BOLD contrast and left-minus-right BOLD asymmetry for each task 
were computed in pairs of homotopic regions of interest (hROIs) from the AICHA atlas. Thirty-two hROIs were identified 
that were conjointly activated and leftward asymmetrical in each of the three language contrasts. Analysis of resting-state 
temporal correlations of BOLD variations between these 32 hROIs allowed the segregation of a core network, SENT_CORE 
including 18 hROIs. Resting-state graph analysis applied to SENT_CORE hROIs revealed that the pars triangularis of the 
inferior frontal gyrus and the superior temporal sulcus were hubs based on their degree centrality (DC), betweenness, and 
participation values corresponding to epicentres of sentence processing. Positive correlations between DC and BOLD 
activation values for SENT_CORE hROIs were observed across individuals and across regions regardless of the task: the 
more a SENT_CORE area is connected at rest the stronger it is activated during sentence processing. DC measurements in 
SENT_CORE may thus be a valuable index for the evaluation of inter-individual variations in language areas functional 
activity in relation to anatomical or clinical patterns in large populations. SENSAAS (SENtence Supramodal Areas AtlaS), 
comprising the 32 supramodal sentence areas, including SENT_CORE network, can be downloaded at http://www.gin.cnrs.
fr/en/tools /.

Keywords fMRI · Left hemisphere · Sentence · Language production · Reading · Speech comprehension · Intrinsic 
connectivity · Graph analysis · Right-handers · Resting-state

Abbreviations
aHCA  Agglomerative hierarchical cluster 

analysis
AICHA  Atlas of intrinsic connectivity of 

homotopic areas
AU  Approximately unbiased p value
BC  Betweenness centrality
DC  Degree centrality
DMN  Default mode network
FIR  Finite impulse response
fMRI  Functional magnetic resonance 

imaging
FWHM  Full width at half maximum
hROIS  Homotopical regions of interest
LISNSENT-WORD  Sentence minus word-list contrast for 

listening task
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MNI  Montreal Neurological Institute
pIndex  Participation index
PRODSENT-WORD  Sentence minus word-list contrast for 

production task
READSENT-WORD  Sentence minus word-list contrast for 

reading task
rs-fMRI  Resting-state fMRI
SD  Standard deviation
SPM  Statistical parametric mapping

Introduction

Defining language areas is a complex enterprise because 
of the numerous possible approaches currently available to 
identify language-related regions. The gold standard is to 
consider that language areas correspond to regions wherein 
lesions lead to aphasia. Even when limiting the definition 
of language areas to that of essential language areas, dif-
ferent identification methods exist that provide various 
kinds of information. Wada testing allows identification of 
the hemisphere controlling language but does not provide 
regional information (Wada and Rasmussen 1960). By con-
trast, surgical cortical stimulation studies have documented 
left hemisphere language areas in large samples of patients 
(Ojemann et al. 1989; Tate et al. 2014), but such mapping 
of eloquent areas is still limited to the cortical regions avail-
able to the neurosurgeon and is conducted in patients having 
potentially modified language organization. The probabilis-
tic mapping of lesions combined with fine-grained aphasic 
patient evaluations of language performance have provided 
the community with very accurate descriptions of essential 
language areas (Dronkers and Ogar 2004; Dronkers et al. 
2004) although this very important approach does not reveal 
how these cortical areas are organized in networks. Because 
each multiple cortical area altered by a given pathology is 
not involved in the language deficit, the comprehensive iden-
tification of language areas from lesions is a complex issue 
[see (Genon et al. 2018a, b) for a review].

Functional neuroimaging provides a way to map multiple 
areas activated during the completion of various language 
tasks in a large number of individuals. Furthermore, neuro-
imaging methodology is very efficient at compiling results 
obtained in multiple laboratories across the world, thereby 
allowing meta-analyses across laboratories that provide the 
location of areas activated at an acceptable spatial resolu-
tion within a common normalization space for a variety of 
language tasks. Similar to the results obtained with cortical 
stimulation (Ojemann et al. 1989), meta-analyses of neuro-
imaging data have provided the landscape of the left hemi-
sphere cortical areas involved in language tasks in healthy 
individuals, which covers nearly the entire hemisphere sur-
face (Price 2000, 2010, 2012; Vigneau et al. 2006).

Despite the vast amount of information obtained from the 
methods cited above, an atlas of left hemisphere language 
areas in healthy individuals having a typical left-hemisphere 
dominance for language is still lacking, and with respect 
to language areas, the absence of a consensus is clear. The 
posterior part of the superior temporal gyrus and the supra-
marginal gyrus (Tomasi and Volkow 2012; Klingbeil et al. 
2017) are phonological regions that can be found under the 
label “Wernicke’s area”, while lesion-based studies (Dronk-
ers and Ogar 2004; Yourganov et al. 2015) as well as lesion 
studies in association with activation studies (Saur et al. 
2006) have shown deep aphasia associated with lesions of 
the posterior region of the middle temporal gyrus and supe-
rior temporal sulcus (Binder 2015, 2017). There is greater 
consistency concerning the location of frontal language 
areas under the label of Broca’s area because its original 
definition was anatomical. Most people define Broca’s area 
as the pars triangularis of the inferior frontal gyrus (Clos 
et al. 2013; Friederici and Gierhan 2013; Yourganov et al. 
2015). However, the extent of Broca’s area in the left fron-
tal lobe varies, and the anterior insula (Baldo et al. 2011) 
is sometimes added, as reviewed in Amunts (Amunts and 
Zilles 2012). Moreover, posterior lesions can also lead to 
Broca’s aphasia (Richardson et al. 2012), demonstrating 
that these anterior and posterior language poles work tightly 
together. This relation enhances the importance of networks 
in cognitive processing, as defined by Fuster (Fuster and 
Bressler 2012). An atlas of language areas and networks in 
healthy individuals would thus be a useful tool, especially 
when individual task-induced mapping is not available. This 
atlas would be especially helpful for patients having difficul-
ties completing language tasks and for the exploration of 
genetic language bases in large cohorts of individuals, in 
cohorts targeting normal or pathological brains, including 
those with developmental pathologies, and/or in individu-
als mapped for their anatomy and/or resting state while not 
performing a language task (Thompson et al. 2017).

To elaborate such an atlas, increasing the specificity 
for language areas is important because as uncovered by 
lesion studies, not all areas revealed by task-induced acti-
vation studies are essential language areas. Components 
of the task, such as monitoring, selecting, and holding the 
instructions, as well as paralinguistic processing, such as 
context, emotional and prosodic processing, are responsible 
for activations that exceed the essential language areas of 
the left hemisphere. The strong right-hemisphere activations 
observed with functional imaging during various language 
tasks have even led some authors to claim that neuroimaging 
methods are not adequate to map language regions (Sidtis 
2007). One way to overcome this issue is using appropri-
ate reference tasks. To discriminate language areas among 
those involved in the completion of a given task, Binder has 
suggested using well-designed reference tasks. The idea is 
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to remove the non-specific or non-lateralized activations of 
primary areas and/or executive regions by applying the dif-
ference paradigm (Binder 2011). Compared to a non-verbal 
reference, the use of a verbal reference tasks allows left 
hemisphere language areas to be specifically highlighted, as 
shown by Ferstl’s meta-analysis (Ferstl et al. 2008). The use 
of verbal reference tasks with functional magnetic resonance 
imaging (fMRI) has proven to successfully measure activa-
tion asymmetry, a proxy of language dominance strongly 
concordant with Wada testing. Note that this is true whether 
hemispheric or regional asymmetry of activations is used for 
the evaluation of language hemispheric dominance [review 
in Dym et al. (2011)].

Thus, asymmetry represents an additional method for 
increasing the specificity of identifying left hemisphere 
language areas. Typical language organization, seen in 90% 
of the healthy population (Mazoyer et al. 2014) and 97% of 
healthy right-handers (Zago et al. 2017), is characterized by 
a strong left hemisphere dominance, giving rise to regional 
leftward asymmetries in fMRI. Adding to the detection of 
activated areas (by comparison to a high-level verbal refer-
ence task), a criterion based on leftward asymmetry would 
certainly increase the specificity of identifying left hemi-
sphere language areas.

Another difficulty in identifying essential language areas 
with functional imaging is the fact that different tasks lead 
to different patterns of activation. One way to overcome this 
difficulty is to combine several language tasks in the same 
participant and apply conjunction analyses to unravel the 
activated and asymmetrical regions independent of the type 
of task or modality involved (Papathanassiou et al. 2000; 
Jobard et al. 2007; Dodoo-Schittko et al. 2012).

Finally, the task-induced approach does not provide any 
information on how the different activated areas are organ-
ized. The co-activation of a group of regions does not indi-
cate that they are all strongly functionally connected and 
thus constitute a network. Resting-state intrinsic connectiv-
ity has proven to be capable of identifying the organization 
of brain networks underpinning cognitive functions. A good 
illustration of this concept is provided by Turken and Dronk-
ers, who conducted correlation analysis in resting-state 
images of healthy participants using the posterior middle 
temporal gyrus region as the seed (Turken and Dronkers 
2011). In this work, this seed region was selected because 
its lesion was associated with strong comprehension deficits 
in aphasics, and its location was previously identified by 
probabilistic lesion mapping (Dronkers et al. 2004). Using 
this approach, Turken et al. revealed a network of areas con-
nected at rest that support speech comprehension in healthy 
individuals. Investigating intrinsic connectivity would thus 
be an interesting means to investigate the networks exist-
ing at rest among the areas activated during language tasks. 
Connectivity measures can provide essential information on 

how regions are connected and how they are organized in 
networks. Graph analysis methodology applied on resting-
state connectivity also permits the measurement of the con-
nectivity strength of each region with all other regions of a 
given network to which it belongs, thereby characterizing its 
role in the network. In particular, identifying the topological 
roles of the regions is possible, i.e., identifying hubs, regions 
essential to a given network and therefore essential to the 
cognitive function(s) they support (Sporns et al. 2007).

To propose an atlas of left hemisphere high-order lan-
guage areas, we first combined multiple-language fMRI 
task-induced activation mapping and conjunction analysis 
to select a set of both activated and leftward asymmetrical 
areas during sentence processing. Second, we clustered the 
regions identified in the first step into networks based on 
their intrinsic connectivities at rest. Third, we applied graph 
analysis to characterize the roles of the regions in communi-
cation within and across networks. To this end, we utilized 
BIL&GIN, a database dedicated to the study of hemispheric 
specialization (Mazoyer et al. 2015), and selected 144 right-
handers who were mapped during sentence production, read-
ing and listening tasks compared to the production, reading 
and listening of lists of words, respectively. All but six par-
ticipants were also mapped during the resting state. Most 
investigations of the resting-state and task-induced activation 
networks have relied on whole-brain comparisons between 
the functional connectivities measured in these two con-
ditions [review in Wig (2017)], although they correspond 
to very different physiological states (Raichle and Mintun 
2006; Raichle 2015). Here, we aimed to find resting-state 
markers of left hemisphere activation in discrete language 
areas to provide a comprehensive tool for further research 
on the inter-individual variability of language areas. Such 
markers of language activation are likely to be of interest 
for studies in which no task-induced activations are docu-
mented but instead include a resting-state acquisition. Con-
sequently, we used homotopical regions of interest (hROIs) 
from the AICHA atlas, a functional atlas obtained from 
intrinsic connectivity analysis (Joliot et al. 2015). We used 
AICHA hROIs because (1) we needed an atlas suitable for 
functional imaging and, in that respect, AICHA, which was 
elaborated from resting-state connectivity, is optimal for 
analysing functional data; (2) AICHA has been specifically 
designed to identify functionally homotopic regions of inter-
est, enabling the accurate computation of functional asym-
metries since it avoids the potential bias that anatomical and 
functional areas do not strictly overlap. The different sets of 
hROIs corresponding to the supramodal sentence processing 
areas of the proposed atlas (SENSAAS) are available in the 
Montreal Neurological Institute (MNI) space at http://www.
gin.cnrs.fr/en/tools /.
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Materials and methods

Participants

From the BIL&GIN database, we selected 144 healthy 
right-handers (72 women) who completed the fMRI battery, 
including several language tasks (Mazoyer et al. 2015). The 
sample mean age was 27 years (SD = 6 years), and the women 
were two years younger than the men (women 26 ± 5; men: 
28 ± 7, p = 0.053). The mean educational level of the partici-
pants was 16 years (SD = 6 years), with no significant differ-
ence between the men and women (p > 0.05). All participants 
reported themselves as right-handed; their mean normalized 
finger tapping test asymmetry ([(right number of taps − left 
number of taps)/(left + right number of taps)] × 100) was 
6.25 (SD = 4.3), and their mean Edinburgh score was 93.5 
(SD = 11), confirming their right-handedness. There was no 
difference between gender for the Edinburgh score (p = 0.47), 
although there was a slightly stronger rightward manual later-
ality in women (finger tapping test asymmetry in women: 6.9 
± 3.8; men: 5.7 ± 4.7, p = 0.08, controlling for age).

Of these participants, 138 (mean age 27  years 
(SD = 6 years), 68 women) also completed a resting-state 
fMRI (rs-fMRI) acquisition lasting 8 min. Note that this 
resting-state acquisition was performed on average 9 months 
(SD = 9.6 months) before the language task acquisition in all 
but five cases. In these five cases the resting-state acquisition 
occurred approximately 1 year after the language session 
[range (11.2–13.8) months].

Image acquisition and processing

Structural imaging

Structural images were acquired using the same 3T Philips 
Intera Achieva scanner including high-resolution T1-weighted 
volumes (sequence parameters: TR, 20 ms; TE, 4.6 ms; flip 
angle, 10°; inversion time, 800 ms; turbo field echo factor, 
65; sense factor, 2; field of view, 256 × 256 × 180  mm3; iso-
tropic voxel size 1 × 1 × 1  mm3). For each participant, the line 
between the anterior and posterior commissures was identi-
fied on a mid-sagittal section, and the T1-MRI volume was 
acquired after orienting the brain in the bi-commissural coor-
dinate system. T2*-weighted multi-slice images were also 
acquired [T2*-weighted fast field echo (T2*-FFE), sequence 
parameters: TR = 3,500 ms; TE = 35 ms; flip angle = 90°; sense 
factor = 2; 70 axial slices; 2 × 2 × 2  mm3 isotropic voxel size].

Task-induced functional imaging

Training To ensure proper task execution, the participants 
were trained outside the scanner in the hour preceding the 

fMRI session. The training used stimuli that were of the 
same nature but different from those used during the fMRI 
session.

Language tasks Three runs were administered to the par-
ticipants. They included a sentence task involving phono-
logical, semantic, prosodic and syntactic processing and a 
word-list reference task, a less complex, albeit high-level, 
verbal task. To achieve homogeneity in the sentence task 
material, 51 line drawings illustrating the stories of ‘Le petit 
Nicolas’ (Little Nicholas), a classic French children’s series, 
were used. The three tasks consisted of a randomized alter-
nation of event-related trials devoted to sentence process-
ing, with event-related trials devoted to the verbal reference 
task, i.e., lists of words. The drawings used for the refer-
ence task were scrambled versions of the line drawings, and 
the stimuli presented either orally or visually were lists of 
months, days and/or seasons. Within each trial, the subject 
was shown either a line drawing or a scrambled drawing 
for 1  s, immediately followed by a central fixation cross-
hair. While fixating the cross, the subject performed either 
the sentence task or the word reference task. Once the task 
was completed, a low-level reference task, detecting the 
transformation of a centrally displayed cross into a square, 
was presented. When the subjects detected this change, they 
were asked to press a button with their index finger of the 
assigned hand. The square was then displayed until the end 
of the trial. This second part of the trial, which lasted at least 
half of the total trial duration, aimed at refocusing the sub-
ject’s attention to a non-verbal stimulus and controlling for 
manual motor response activation, which was also present 
in the first part of the trial. A 12-s presentation of a fixation 
crosshair preceded and followed the first and last trial. Note 
that except during the drawings display, the subjects were 
asked to keep fixating the cross, and the star and square were 
then presented on the centre of the screen.

Sentence and list of word production tasks During the 
production run, after seeing a Little Nicholas line drawing, 
the subject was instructed to covertly generate a sentence 
beginning with a subject (The little Nicholas…, The gentle-
man…) and a complement (with his satchel…, in shorts…, 
with glasses…), followed by a verb describing the action 
taking place and ending with an additional complement 
of a place (in the street…, in the playground…, on the 
beach…) or a manner (with happiness…, nastily…). When 
a scrambled drawing was displayed, the subject was asked 
to covertly generate the list of the months of the year. The 
production paradigm randomly alternated ten 18-s trials of 
sentence generation with ten 18-s trials of generating the list 
of months. The response time limit, indicated by the trans-
formation of the cross in a star, was 9 s, including the 1-s 
drawing display. The entire experimental run lasted 6 min 
and 24 s. The mean sentence production time was 5617 ms 
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(SD = 935 ms), while the mean duration of word-list pro-
duction was 5249 ms (SD = 1131 ms).

Sentence and list of word-listening tasks When a Lit-
tle Nicholas line drawing was displayed, the subject was 
instructed to carefully listen to a sentence dealing with the 
line drawing and click at the end of the sentence. For the 
LISN, when a scrambled drawing was displayed, he/she was 
instructed to listen to the list of the months, days of the week 
and/or seasons and click at the end of the list.

The paradigm consisted of a randomized alternation of 
thirteen 14-s sentence-listening trials with thirteen 14-s list-
listening trials. The mean durations of auditory presentation 
were 4371 ± 468 ms for the sentences and 4386 ± 484 ms 
for the lists. The entire experimental run lasted 6 min and 
28 s. The reaction times after sentence and list listening 
were 387 ms (SD = 125 ms) and 478 ms (SD = 97 ms), 
respectively.

Sentence and list of word-reading tasks Like in the other 
two tasks, when a line drawing was displayed, the subject 
was instructed to read a sentence based on the line draw-
ing. When a scrambled drawing was displayed, he/she was 
instructed to read the list of months, days of the week and/
or seasons.

The paradigm consisted of a randomized alternation of 
thirteen 14-s sentence-reading trials with thirteen 14-s list-
reading trials. The entire experimental run lasted 6 min and 
28 s. The average time for reading sentences was 3729 ms 
(SD = 567 ms), while reading the lists of words required 
4412 ms (SD = 602 ms).

Debriefing the fMRI tasks Right after the fMRI sessions, the 
participants were asked to rate the difficulty of the task on a 
five-point scale (1-easy to 5-very difficult) and answer some 
debriefing questions about how they accomplished the task.

The production task had the highest task difficulty score 
reported by the participants (2.73), while the reading and 
listening tasks had low scores (1.14 and 1.20, respectively). 
All participants were able to recollect the sentence they pro-
duced when presented with the corresponding drawing for 
at least 5 of 10 images (mean = 9.43 images, SD = 0.96), 
with the mean number of words per sentence being 12.4 
(SD = 2).

Functional image acquisition

The functional volumes were acquired as T2*-weighted 
echo-planar EPI images (TR = 2  s; TE = 35  ms; flip 
angle = 80°; 31 axial slices with a 240 × 240  mm2 field of 
view and 3.75 × 3.75 × 3.75  mm3 isotropic voxel size). In the 
three runs, 192, 194 and 194 T2*-weighted volumes were 
acquired for the sentence production, listening and reading 
tasks, respectively.

Resting-state functional imaging (rs-fMRI)

Spontaneous brain activity was monitored for 8 min (240 
volumes) using the same imaging sequence (T2*-weighted 
echo-planar images) as that used for the language tasks. 
Immediately prior to rs-fMRI scanning, the participants 
were instructed to “keep their eyes closed, to relax, to refrain 
from moving, to stay awake and to let their thoughts come 
and go”.

Image analysis

Functional imaging analysis common to  task-induced 
and resting-state acquisitions For each participant, (1) the 
T2*-FFE volume was rigidly registered to the T1-MRI; (2) 
the T1-MRI was segmented into three brain tissue classes: 
grey matter, white matter and cerebrospinal fluid; and (3) 
the T1-MRI scans were normalized to the BIL&GIN tem-
plate including 301 volunteers from the BIL&GIN database 
(aligned to the MNI space) using the SPM12 “normalise” 
procedure with otherwise default parameters.

For each of the three fMRI runs, data were corrected for 
slice timing differences. To correct for subject motion during 
the runs, all the T2*-weighted volumes were realigned using 
a six-parameter rigid-body registration. The EPI-BOLD 
scans were then registered rigidly to the structural T2*-FFE 
image. The combination of all registration matrices allowed 
for warping the EPI-BOLD functional scans to the standard 
space with a single trilinear interpolation.

Specific task-induced functional imaging analysis First, 
a 6-mm full width at half maximum (Gaussian filter) was 
applied to each run. Global linear modelling (statisti-
cal parametric mapping (SPM), http://www.fil.ion.ucl.
ac.uk/spm/) was used for processing the task-related fMRI 
data. For each participant, BOLD variations correspond-
ing to each sentence versus the list belonging to the same 
run were computed [sentence minus word-list produc-
tion  (PRODSENT-WORD), sentence minus word-list reading 
 (READSENT-WORD), and sentence minus word-list listen-
ing  (LISNSENT-WORD)]. Finally, contrast maps (defined at 
the voxel level) were subjected to hROI analysis. BOLD 
signal variations were measured in 192 pairs of function-
ally defined hROIs of the AICHA atlas (Joliot et al. 2015) 
adapted to SPM12, excluding 7 hROIs pairs belonging to 
the orbital and inferior temporal parts of the brain in which 
signals were reduced due to susceptibility artefacts. For 
each participant, we computed contrast maps of the three 
language conditions. We then calculated the right and left 
hROI BOLD signal variations for each of the 185 remaining 
pairs by averaging the contrast BOLD values of all voxels 
located within the hROI volume.
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Specific analysis of  resting-state functional images Time 
series white matter and cerebrospinal fluid (individual aver-
age time series of voxels that belonged to each tissue class) 
and temporal linear trends were removed from the rs-fMRI 
data series using regression analysis. Additionally, rs-fMRI 
data were temporally filtered using a least squares linear-
phase finite impulse response filter design bandpass (0.01–
0.1 Hz).

For each participant and hROI (the same 185 homotopic 
ROIs as those used in the task-induced analysis), an indi-
vidual BOLD rs-fMRI time series was computed by averag-
ing the BOLD fMRI time series of all voxels located within 
the hROI volume.

Part 1: Identi"cation and characterization 
of hROIs exhibiting both leftward activation 
and leftward asymmetrical activation in all 
three tasks

To complete the identification of high-order language areas, 
we first searched for hROIs that were both significantly co-
activated and significantly leftward asymmetrical on aver-
age among the 144 participants during the  PRODSENT-WORD, 
 READSENT-WORD, and  LISNSENT-WORD tasks.

Statistical analysis

hROI selection

Using JMP14 (http://www.jmp.com, SAS Institute Inc., 
2018), conjunction analysis was conducted to select the left-
hemisphere hROIs exhibiting BOLD signal variations that 
were both significantly positive and significantly larger than 
that in their right counterparts in all three tasks. An hROI 
was selected whenever it was significantly activated in each 
of the three task contrasts using a significance threshold set 
to p < 0.05 per contrast. The significance threshold for the 
conjunction of activation in the three tasks was thus 0.05 × 0.
05 × 0.05 = 1.25 × 10−4. The second criterion for hROI selec-
tion was the existence of a significant leftward asymmetry in 
each of the three task contrasts, the threshold of significance 

of this second conjunction being again 1.25 × 10−4. Finally, 
since to be selected, a given hROI had to fulfil both criteria, 
the overall significance threshold for the conjunction of con-
junction analyses was 1.5 × 10−8 = (1.25 × 10−4)2.

Results

hROI selection

Among the 80 hROIs jointly activated in the 3 contrasts 
(Table 1), 46 also showed joint asymmetries. In total, 32 
hROIs showed both joint activation on the left and joint 
asymmetry (Fig. 1; Table 2).

On the lateral surface of the left frontal lobe, the regions 
having both joint activation and leftward asymmetry dur-
ing the three language tasks covered the left inferior frontal 
gyrus (pars triangularis: F3t and pars opercularis: F3O1), 
the adjacent inferior frontal sulcus (f2_2), the junction of 
the middle frontal gyrus with the precentral sulcus (prec4), 
and the upper part of the precentral sulcus (prec3) located 
dorsally to prec4. The medial part of the superior frontal 
gyrus (F1_2), the upper paracentral gyrus (pCENT4), and 
the pre-superior motor areas (SMA2 and SMA3) were also 
part of these areas in the medial frontal lobe. Two hROIs 
were located within the anterior insula (INSa2 and INSa3), 
while the INSa1 hROI was located medially and ventrally 
close to the amygdala. On the lateral surface of the temporal 
lobe, the hROIs overlapped the entire length of the superior 
temporal sulcus (STS2, STS3 and STS4), extending to the 
temporal pole anteriorly (STS1), to the superior temporal 
gyrus dorsally (T1_4), to the supramarginal (SMG7) and 
angular gyri (AG2) posteriorly, crossing the middle temporal 
gyrus (T2_3 and T2_4) and joining the inferior temporal 
gyrus (T3_4), the inferior occipital gyrus (O3_1), and ven-
trally the fusiform gyrus (FUS4). Regions located within 
the hippocampus (HIPP2), parahippocampal gyrus (pHIPP1) 
and amygdala (AMYG) were also part of the selected areas. 
In the posterior medial wall, the dorsal part of the precuneus 
(PRECU6) together with the posterior cingulum (CINGp3) 
were selected using this approach. Sub-cortical areas jointly 
activated and leftward asymmetrical during the three tasks 

Table 1  Results of conjunction 
analyses across each sentence 
minus word-list contrasts for 
production  (PRODSENT-WORD), 
listening  (LISNSENT-WORD) and 
reading  (READSENT-WORD) 
tasks in terms of the number of 
hROIs

Numbers of hROIs with significant left activation, leftward asymmetry or conjunction of activation and 
asymmetry for the three “sentence minus word” contrasts

L activation L asymmetry Conjunction of 
activation and asym-
metry

PRODSENT-WORD 133 93 75
LISNSENT-WORD 116 73 64
READSENT-WORD 97 60 43
Conjunctions of 3 contrasts 80 46 32
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Fig. 1  Locations of the 32 hROIs co-leftward activated and co-left-
ward asymmetrical during the completion of 3 sentence minus word-
list tasks by 144 healthy right-handers and corresponding networks 
after hROI clustering based on resting-state connectivity. a Left lat-
eral view of 3D surfaces rendering the 32 hROIs on the BIL&GIN 
display template in the MNI space with Surf Ice  software (https ://
www.nitrc .org/proje cts/surfi ce/). b Representation of hROIs on left 

hemisphere axial slices from the BIL&GIN display template; the 
hROI numbers correspond to the z-axis in the MNI space. c Lateral 
and medial views of the three identified networks. SENT_CORE net-
work: red, SENT_MEM: light blue and SENT_VISU: green. Cor-
respondences between the abbreviations and the full names of the 
AICHA atlas can be found in Table 2
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covered almost the entire putamen (PUT2 and PUT3) and a 
thalamic hROI located medially (THA4).

Part 2: Identi"cation of networks based 
on the resting-state connectivity matrix 
of the 32 hROIs co-activated and co-leftward 
asymmetrical during the 3 sentence 
minus word-list tasks

In a second step, we investigated the intrinsic functional 
organization of the 32 hROIs selected in the first step. We 
computed the intrinsic connectivity matrix between these 32 
hROIs for the subsample of 138 right-handed participants 

who completed a resting-state acquisition. We completed a 
hierarchical clustering analysis of this intrinsic connectivity 
matrix to identify temporally coherent networks within this 
set of hROIs.

Methods

Calculation of the intrinsic connectivity matrix

An intrinsic connectivity matrix was calculated for each of 
the 138 individuals and for each of the 496 possible pairs 
of hROIs (N × (N − 1))/2, with N = 32). The intrinsic con-
nectivity matrix off-diagonal elements were the Pearson 
correlation coefficients between the rs-fMRI time series of 

Table 2  Names and abbreviations of the 32 hROIs showing joint 
left activation and left asymmetry during the three sentences minus 
word-list contrasts for production  (PRODSENT-WORD), listening 

 (LISNSENT-WORD) and reading  (READSENT-WORD) tasks; the network 
label to which they were clustered; and their coordinates in MNI 
space after SPM12 normalization of the AICHA atlas

AICHA hROI name Abbreviation Cluster X (mm) Y (mm) Z (mm)

Frontal and insula S_Precentral-3 prec3 SENT_MEM − 18.2 − 8.7 69.3
S_Precentral-4 prec4 SENT_CORE − 42.2 0.7 49.9
G_Frontal_Sup-2 F1_2 SENT_CORE − 11.9 46.5 41.4
S_Inf_Frontal-2 f2_2 SENT_CORE − 43.1 14.8 29.4
G_Frontal_Inf_Tri-1 F3t SENT_CORE − 49.4 25.6 4.7
G_Frontal_Inf_Orb-1 F3O1 SENT_CORE − 42.2 30.5 − 16.9
G_Insula-anterior-1 INSa1 SENT_VISU − 20.3 5.0 − 19.3
G_Insula-anterior-2 INSa2 SENT_CORE − 33.8 16.8 − 12.7
G_Insula-anterior-3 INSa3 SENT_CORE − 33.7 23.7 0.6

Temporal and parietal G_Temporal_Sup-4 T1_4 SENT_CORE − 58.7 − 23.3 3.7
G_Temporal_Mid-3 T2_3 SENT_CORE − 61.0 − 35.0 -4.8
G_Temporal_Mid-4 T2_4 SENT_CORE − 53.1 − 59.4 7.0
G_Temporal_Inf-4 T3_4 SENT_VISU − 50.0 − 60.6 − 7.6
S_Sup_Temporal-1 STS1 SENT_CORE − 49.7 14.0 − 21.5
S_Sup_Temporal-2 STS2 SENT_CORE − 54.9 − 7.2 − 12.8
S_Sup_Temporal-3 STS3 SENT_CORE − 54.7 − 33.0 − 1.7
S_Sup_Temporal-4 STS4 SENT_CORE − 56.5 − 48.4 13.4
G_SupraMarginal-7 SMG7 SENT_CORE − 55.2 − 51.7 25.5
G_Angular-2 AG2 SENT_CORE − 37.5 − 70.4 39.5
G_Occipital_Inf-1 O3_1 SENT_VISU − 48.4 − 69.0 − 4.3
G_Fusiform-4 FUS4 SENT_VISU − 43.1 − 49.8 − 17.4
G_ParaHippocampal-1 pHIPP1 SENT_VISU − 15.7 − 4.0 − 18.4
G_Hippocampus-2 HIPP2 SENT_MEM − 24.9 − 32.5 − 2.7

Internal surface G_Supp_Motor_Area-2 SMA2 SENT_CORE − 10.6 18.2 63.1
G_Supp_Motor_Area-3 SMA3 SENT_CORE − 7.2 7.6 65.6
G_Paracentral_Lobule-4 pCENT4 SENT_MEM − 6.4 − 29.2 75.9
G_Cingulum_Post-3 CINGp3 SENT_MEM − 5.1 − 42.9 10.0
G_Precuneus-6 PRECU6 SENT_MEM − 7.4 − 61.3 64.1

Sub-cortical N_Amygdala-1 AMYG SENT_VISU − 21.9 − 0.4 − 11.5
N_Thalamus-4 THA4 SENT_MEM − 3.2 − 14.4 8.4
N_Putamen-2 PUT2 SENT_VISU − 23.3 6.3 0.8
N_Putamen-3 PUT3 SENT_VISU − 28.0 − 6.3 1.8
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the hROI pairs. The intrinsic connectivity matrix diagonal 
elements were set to zero because no information on the cor-
relation for a specific hROI with itself exists (Rubinov and 
Sporns 2010). The individual intrinsic connectivity matrix 
was then Fisher z-transformed before being averaged over 
the subsample of 138 individuals, thereby producing a mean 
intrinsic connectivity matrix.

Identification and characterization of networks

The agglomerative hierarchical cluster analysis (aHCA) 
method was applied to extract brain networks from this 
mean intrinsic connectivity matrix. We first transformed 
the Pearson correlation (ri,j) between hROI i and hROI j 
into a distance (di,j) using the equation di,j = (1 − ri,j)/2, as 
in Doucet et al. (2011), resulting in a 32 × 32 dissimilarity 
matrix. According to Lance and Williams (1979), the pre-
vious equation is “unequivocally the best” to transform a 
correlation into a distance on real data sets. Finally, we used 
an agglomerative hierarchical clustering algorithm [aHCA, 
(Sneath and Sokal 1973)] for clustering and the Ward dis-
tance (Ward 1963) for aggregating the different hROIs into 
clusters. The number of clusters (networks) was determined 
using the R library NbClust (Charrad et al. 2014). This 
package provides 30 statistical indices for determining the 
optimal number of clusters and proposes the best clustering 
scheme from the different results obtained by varying all 
combinations of number of clusters for the chosen method, 
in this case, aHCA with Ward’s distance. We chose the num-
ber of clusters that fulfilled a maximum of indices.

To characterize each network, we calculated its mean 
volume activation for each task contrast as the sum of the 
activations of all hROIs composing the network weighted by 
their individual volume and then divided by the sum of their 
volumes. The same computation was performed for the right 
hemisphere equivalent of each network, which was then used 
for computing the left-minus-right asymmetry of each net-
work activation. We then compared activation amplitude and 
asymmetry values across networks and across tasks using a 
mixed-model ANOVA.

Reliability of the network identification across individuals

We used multiscale bootstrap resampling (Efron et al. 1996) 
to assess the reliability of the identification of each cluster. 
In total, 10,000 multiscale bootstrap resampling datasets, 
including 50–140% of sample data from the 138 participants, 
were processed. Applying the R package “pvclust” (Suzuki 
and Shimodaira 2006) function to the multiscale bootstrap 
resampling outputs, we measured the approximately unbi-
ased (AU) p value for each cluster. The AU p value for a 
network, the probability of this network occurring among 
the 138 participants, indicates the network’s reliability.

Robustness of the networks identification with respect 
to the clustering method

We also assessed the robustness of the clustering method 
by comparing its output to those of three other clustering 
methods: aHCA with the average distance method (instead 
of Ward’s), Gaussian mixture model, and k-means (see sup-
plementary material). Gaussian mixture modelling was 
conducted with the “Rmixmod” package with Normalized 
Entropy Criterion to find well-separated clusters and with 
a Gaussian model with diagonal variance matrices (Lebret 
et al. 2015).

We then compared the four different partitions through 
the adjusted Rand index (Hubert and Arabie 1985) allow-
ing to get a similarity measure between two different clas-
sifications, an adjusted Rand index of 1 indicating similar 
partitions.

Temporal correlation across networks and significance

To compute the mean intrinsic functional correlations 
between two networks, we used the same methodology as 
that used to compute the mean intrinsic connectivity matrix 
(see above).

First, for each individual and for each network, we com-
puted the corresponding rs-fMRI time series by averaging 
the individual resting time series of all voxels of all hROIs 
belonging to this network.

Then, for each individual, we computed the Pearson cor-
relation coefficients between all pairs of networks that we 
further Fisher z-transformed. Finally, each of these z-trans-
formed coefficients was averaged across the sample of 138 
individuals, providing a mean intrinsic functional correla-
tion (r) for each pair of networks. We assessed the signifi-
cance of each of these mean intrinsic functional correlations 
compared to 0 using a non-parametric sign test at the 0.05 
significance level (Bonferroni correction for the number of 
network pairs).

Results

Identification and characterization of networks

Hierarchical clustering analysis revealed three networks 
from the selected set of 32 hROIs (Fig. 2).

SENT_CORE network The first network (Fig. 1c, red), termed 
SENT_CORE, was composed of 18 hROIs and was the most 
distant from the 2 others in terms of inertia. SENT_CORE 
included all lateral and medial hROIs of the frontal lobe, 
apart prec3, pCENT4 and anterior insula INSa2 and INSa3. 
SENT_CORE also included all temporal and parietal hROIs 
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of the lateral surface, except T3_4, which was aggregated 
with the network gathering visual hROIs.

We named this network SENT_CORE because it included 
essential sentence processing regions, as further described 
below. SENT_CORE was the largest network in terms of 
volume, as it was 9.2 times larger than SENT_MEM and 3.4 
times larger than SENT_VISU (Table 3).

SENT_VISU network This group of clusterized areas 
included the inferior temporal and occipital gyri laterally 
(T3_4, O3_1); the mid-fusiform (FUS4) ventrally; the par-
ahippocampal region; the amygdala (AMYG) and INSa1, 
close to the amygdala medially (Fig. 1c, green); and the two 
hROIs of the putamen (PUT2 and PUT3). We labelled it 

SENT_VISU because it aggregated four hROIs acknowl-
edged as involved in visual processing.

SENT_MEM network This network (Fig.  1c, light blue) 
included three regions of the medial wall—the paracentral 
gyrus (pCENT4), the precuneus (PRECU6) and the poste-
rior cingulate (CINGp3)—and the posterior part of the hip-
pocampus (HIPP2) as well as one frontal area at the upper 
end of the precentral sulcus (prec3) and the THA4 hROI 
located medially in the thalamus. We named it SENT_MEM 
because these posterior areas belong to both the posterior 
regions of the DMN involved in the posterior hippocampus 
in episodic memory, as further discussed below.

Fig. 2  Results of the agglomerative hierarchical cluster analysis 
method. a Dendrogram of aHCA of the mean intrinsic connectivity 
matrix (SENT_CORE network: red, SENT_MEM: light blue, SENT_
VISU: green). Approximately unbiased p values are indicated for 

each identified network. b Scree plot of aHCA of the mean intrinsic 
connectivity matrix. For both graphs, the red horizontal line corre-
sponds to the threshold applied to select the number of networks

Table 3  Mean volumetric activation (and standard deviation) of the four language networks in each sentence minus word-list contrast for pro-
duction  (PRODSENT-WORD), listening  (LISNSENT-WORD) and reading  (READSENT-WORD) tasks in 144 healthy right-handers

The mean volumetric activation for a network was calculated from the sum of the activations of the hROIs comprising the network weighted by 
their individual volumes and then divided by the volume of the network

Volume  (mm3) Left activation Leftward asymmetry
PRODSENT-WORD LISNSENT-WORD READSENT-WORD PRODSENT-WORD LISNSENT-WORD READSENT-WORD

SENT_CORE 83,232 0.73 ± 0.31 0.43 ± 0.20 0.55 ± 0.26 0.41 ± 0.22 0.25 ± 0.14 0.28 ± 0.19
SENT_MEM 9024 0.40 ± 0.36 0.28 ± 0.23 0.21 ± 0.26 0.11 ± 0.17 0.08 ± 0.12 0.07 ± 0.14
SENT_VISU 24,368 0.37 ± 0.27 0.30 ± 0.17 0.25 ± 0.21 0.16 ± 0.13 0.11 ± 0.08 0.12 ± 0.10
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Profile comparisons between networks

In terms of mean voluminal activity (Table 3), ANOVA 
revealed a significant network effect, a task effect and 
a network × task interaction (all post hoc Tukey’s HSD: 
p < 10−4).

The interaction occurred because while in SENT_CORE, 
there was greater activation in PROD, followed by READ 
and then by LISN (all p < 10−4), SENT_MEM and SENT_
VISU had different profiles. Although the greatest activa-
tion values were also observed during PROD (all p < 0.003), 
activation values were significantly higher during LISN than 
during READ in both networks (SENT_VISU: p = 0.01; 
SENT_MEM: p = 0.0067).

ANOVA on asymmetries also revealed a significant net-
work effect, a task effect and a network × task interaction 
(all post hoc Tukey’s HSD: p < 10−4). The interaction was 
due to different profiles of asymmetry in SENT_CORE than 
in the two other networks. In SENT_CORE, the profile of 
asymmetries was the same as that of activation: larger in 
PROD, followed by READ and then by LISN (all post hoc 
Tukey’s HSD: p < 10−4). In SENT_VISU, the asymmetry 
during PROD was slightly larger than that during READ 
(SENT_VISU: p = 0.0005; SENT_MEM: p = 0.01) and 
larger than that during LISN (p = 0.0001). In addition, there 
was no difference in asymmetry between PROD and LISN 
in SENT_MEM (p = 0.075) and no difference in asymme-
try between READ and LISN in SENT_VISU (p = 0.52) or 
SENT_MEM (p = 0.25). The task main effect was related to 
larger asymmetries in PROD and the network main effect to 
larger asymmetries in SENT_CORE (all p < 0.0001).

Assessing the reliability of the identification of 3 networks 
across individuals in the 138 participants

The AU p values provided by the multiscale bootstrap resa-
mpling method showed that each network of the first parti-
tion was reliable at levels of 93%, corresponding to SENT_
CORE on one side and to the SENT_VISU and SENT_MEM 
on the other side (Fig. 2). However, for the second partition, 
SENT_VISU and SENT_MEM were reliable at 73% and 
61%, respectively, indicating a lower reliability.

Robustness of the identified networks with respect 
to the clustering method

The SENT_CORE network was identified by all 4 cluster-
ing methods, including at least 13 of the 18 hROIs initially 
found with the aHCA method using Ward’s distance (see 
supplementary Table 1). The aHCA method using the aver-
age distance metric led to an adjusted Rand index of 1, indi-
cating a clustering similar to that achieved using the aHCA 
method with Ward’s distance. Comparing the Gaussian 

Mixture Model and aHCA methods led to an adjusted Rand 
index of 0.76, indicating two highly similar partitions. Com-
paring the aHCA and k-means methods led to the lowest 
adjusted Rand index of 0.43.

Only one hROI of SENT_CORE (AG2) was segregated 
in SENT_MEM by Gaussian mixture modelling and by 
k-means, while all 17 other hROIs were classified together 
by all clustering methods but k-means (supplementary 
Table  1), although PUT3 joined SENT_CORE accord-
ing to Gaussian mixture modelling. k-means classified 
INSa3, T2-4, T1-4 and f2-2 in SENT_VISU rather than in 
SENT_CORE.

Only prec3 was classified in SENT_VISU rather than 
SENT_MEM with both Gaussian mixture modelling and 
k-means, while pHIPP1 shifted from SENT_VISU to 
SENT_MEM only with k-means.

Temporal correlation across networks and significance

The chord diagram shown in Fig. 3 describes the average 
correlations between each pair of hROIs in the three net-
works. Strong and highly significant negative mean intrinsic 
correlations were found between SENT_CORE and SENT_
MEM (R = − 0.27; 92.03% of the participants showed a 
negative correlation, p < 10−4), and a positive correla-
tion was present between SENT_MEM and SENT_VISU 
(R = 0.058, 62.32% of the participants showed a positive cor-
relation, p = 0.0024), while there was no significant correla-
tion between SENT_CORE and SENT_VISU (R = − 0.037; 
56.52% of the participants showed a positive correlation, 
p = 0.074).

Part 3: Graph theory analysis of the SENT_
CORE network

We applied graph theory analysis to the SENT_CORE hROI 
pairwise correlation matrix, including only positive correla-
tions since the inclusion of negative correlations in graph 
theory analysis remains controversial (Rubinov and Sporns 
2010). Note that the graph theory analysis of intra-network 
communication was completed for only SENT_CORE, as 
the other two networks had too few nodes.

Statistical analysis

Identification of hubs using graph analysis metrics 
of the networks

Measurements of  weighted centrality We measured the 
degree centrality (DC) of the hROIs composing the SENT_
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CORE network, corresponding to the sum of the strength of 
the positive correlation of each node (hROI). DC can thus be 
interpreted as the amount of information that a given hROI 
receives from the hROIs to which it is directly connected, 
i.e., the DC measures the importance of a given hROI within 
its network according to the number and strength of interac-
tions it undergoes with the other hROIs.

The betweenness centrality (BC) was also measured for 
SENT_CORE as defined by Opsahl et al. (2010). The BC of 
an hROI can be interpreted as the participation rate of that 
hROI in the set of shortest paths between any pair of nodes 
within the network; i.e., BC measures the dependence of the 
network on a specific hROI for its communication.

Hub definition and clustering To discriminate hubs among 
SENT_CORE, we applied a combination of Sporns et  al. 
(2007) and van den Heuvel et  al. (2010) definitions. We 
considered that an hROI had the properties of a hub when 
its DC and BC values were larger than the means plus one 
standard deviation of the DC and BC values of the hROI set 
in the network.

To assess whether the hubs identified in SENT_CORE 
participated in communication with the other two networks 
or whether its communication was only intra-SENT_CORE, 

we calculated the participation index (pIndex) criteria as 
defined by Guimera (Guimera and Amaral 2005). hROIs 
having the 15% highest pIndex values were considered con-
nector hubs (i.e., between networks) (van den Heuvel and 
Sporns 2011), while the other hROIs corresponded to pro-
vincial hubs, i.e., an hROI communicating with only its own 
network.

Investigation of the relationship between intrinsic 
connectivity and activation measured during the language 
tasks

Relationships between DC and BOLD variation at the hROI 
level We investigated whether an hROI exhibiting high 
intrinsic connectivity with other areas of the SENT_CORE 
was more activated during language tasks. For this, we 
performed a MANCOVA with repeated measures with a 
TASK main effect, a DC main effect and a DC by TASK 
interaction. Correlations values and corresponding p val-
ues between the DC and activation were computed for each 
hROI and each task.

To test the specificity of this relationship, we completed 
similar MANCOVA with DC measurements obtained for 
the 185 hROIs of the AICHA atlas covering the entire 

Fig. 3  Chord diagram of the 
temporal correlation across 
each hROI composing the 
three networks averaged in the 
whole group. Abbreviations 
for hROIs of the AICHA atlas 
can be found in Table 2 (colour 
scale goes from red for positive 
correlation to blue for negative 
correlations, and the line width 
indicates the strength of the 
correlation)
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left hemisphere. Therefore, the DC values were com-
puted considering the connections of hROIs belonging to 
SENT_CORE with all other hROIs of the left hemisphere. 
This analysis made it possible to more deeply characterize 
whether the relationship between the DC and activation dur-
ing the language tasks was specific to the essential language 
network intrinsic connectivity or whether this relationship 
was held at the hemispheric level.

Relationships between the DC measured in the SENT_CORE 
network and BOLD variation upon pooling all hROIs and par-
ticipants To test whether the relationship previously iden-
tified between DC and BOLD signal variation for each 
hROI of SENT_CORE was a general property that could 
be extrapolated to any hROI of any participant, we applied 
the method proposed by Buckner for evaluating the relation-
ship between DC and beta-amyloid accumulation in Alzhei-
mer’s disease (Buckner et al. 2009). Correlation coefficients 
obtained for the three tasks between DC values and BOLD 
variations were compared using the R package “cocor” 
(Diedenhofen and Musch 2015) to determine whether there 
was any difference across language tasks.

Results

Graph analysis of SENT_CORE

Sample distributions of  DC and  BC values DC variation 
across the hROIs spanned from 2.24 to 6.48 (Table 4), and 
the DC standard deviation was very consistent across hROIs 
ranging from 1.17 to 1.79.

By contrast, BC variation across the hROIs spanned from 
0.72 to 18.98 (Table 4). Notably, only 3 hROIs had low num-
bers of BC null values across the sample of 138 participants: 
F3t, STS3 and STS4 (1%, 6% and 2% null values, respec-
tively, Table 4).

Hub identification and characterization Three hROIs corre-
sponded to the hub definition, i.e., BC and DC values above 
the chosen significance thresholds (mean + SD) of 10.26 
and 5.55, respectively (Table 4). The first hROI (F3t) was 
located in the frontal lobe, and the other two were located 
in the posterior third of the STS (STS3 and STS4). The BC 
values of these 3 hubs were over 11, and their DC values 
were over 5.5, with F3t having the strongest values (Fig. 4; 
Table 4). Note that no other hROI exhibited a supra-thresh-
old value for any of the centrality indices.

Table 4  Betweenness and degree centrality of SENT_CORE hROIs

The means and standard deviations (SD) of the betweenness centrality (BC) and degree centrality (DC) were computed by averaging the BC 
and DC values of each participant for each SENT_CORE hROI. For BC, the percentage of null values is based on the number of BC values at 
zero among the 138 subjects for one hROI. For DC, the skewness, kurtosis and Shapiro–Wilk normality test (p norm) correspond to information 
regarding the normality of the DC distribution for each hROI. A value above 0.05 for the Shapiro–Wilk normality test indicates that the DC was 
normally distributed. hROIs in bold are those we found to be hubs

AICHA hROI Betweenness centrality Degree centrality
Mean SD % Null values Mean SD Skewness Kurtosis p norm

Frontal and insula prec4 6.88 7.00 11 4.94 1.50 − 0.07 − 0.24 0.87
F1_2 6.30 5.42 17 4.64 1.40 0.28 − 0.32 0.27
f2_2 3.33 4.45 37 3.35 1.53 0.60 − 0.42 0.0002
F3t 18.98 9.77 1 6.48 1.26 − 0.06 − 0.29 0.78
F3O1 2.18 4.04 54 4.31 1.50 0.50 − 0.02 0.018
INSa2 2.49 3.66 43 3.84 1.46 0.27 − 0.23 0.14
INSa3 2.54 3.98 40 3.01 1.29 0.76 0.63 0.0005

Temporal and parietal T1_4 0.75 2.19 77 3.12 1.47 0.56 − 0.20 0.0012
T2_3 5.28 5.96 29 5.44 1.43 0.05 − 0.17 0.71
T2_4 2.21 4.28 58 3.46 1.79 0.24 − 0.60 0.074
STS1 2.46 3.57 41 4.55 1.52 − 0.10 − 0.18 0.44
STS2 3.07 4.85 41 4.30 1.44 0.14 − 0.58 0.11
STS3 13.04 9.66 6 6.32 1.36 − 0.36 0.23 0.088
STS4 13.33 8.25 2 5.58 1.51 0.09 − 0.22 0.95
SMG7 6.23 6.86 22 5.28 1.60 − 0.21 − 0.64 0.037
AG2 0.72 1.65 71 2.24 1.17 0.88 1.11 0.0002

Internal surface SMA2 2.21 3.58 46 4.35 1.33 0.33 − 0.09 0.32
SMA3 2.24 3.60 49 4.22 1.28 0.05 − 0.36 0.45
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Concerning the pIndex, hubs were defined as the top 15% 
of the highest index (pIndex ranging from 0.587 to 0.989). 
Five hROIs were thus defined as connector hubs: T2_3 (pIn-
dex = 0.989), F3t (pIndex = 0.987), F1_2 (pIndex = 0.984), 
STS3 (pIndex = 0.983) and SMA2 (pIndex = 0.983).

Note that the centrality hubs F3t and STS3 were also 
connector hubs, meaning that they are important for both 
communication among the three different networks and for 
communication within the SENT_CORE network.

Note that T2_3 was a connector hub characterized by high 
DC and BC values (Table 4), although it did not meet the 
criteria to be labelled as a centrality hub (Fig. 4).

Relationship between the DC at rest and activations 
during the language tasks in the SENT_CORE network

Relationship at the individual hROI level Using DC values 
computed from only SENT_CORE hROIs, we observed sig-
nificant positive correlations between activations during the 
3 language tasks and these DC values in 12 hROIs among 
the 18 constituting SENT_CORE together with a trend for 
PREC4 and f2_2 (Table 5). Among these hROIs, DC values 
were positively correlated with activations during the lan-
guage tasks and the R value varied between 0.17 and 0.33. 
Moreover, in 8 of these 12 hROIs, there was no DC by Task 
interaction, meaning that the correlation between the DC 
and activation did not differ between the tasks. In the f2_2, 
INSa2, INSa3, T1_4 and SMG7 hROIs, a significant DC 
by Task interaction was observed. In f2_2, the interaction 
was due to non-significant correlation for the production 
task contrast, while the correlation was strong and signifi-
cant for the reading and listening task contrasts. In INSa2, 
INSa3 and T1_4, the interaction was due to non-significant 
correlation for the listening task, while there were strong 
and significant correlations for production and reading. In 

SMG7, the interactions were due to a lower correlation dur-
ing listening (Table 5).

The results obtained using DC values computed from the 
entire set of 185 left hemisphere hROIs were strikingly dif-
ferent. There was a significant main effect of the DC in only 
2 hROIs (F3t and SMG7, see supplementary Table 2), mean-
ing that, except for these two regions, the strength of the 
correlation when the DC was calculated across the hROIs 
of the entire hemisphere did not explain the activation vari-
ations in SENT_CORE hROIs.

Relationship at  the  global level using all participants 
and hROIs There was a significant correlation between the 
DC values and BOLD variations measured in each of the 3 
tasks when considering the 18 SENT_CORE hROIs and the 
138 participants in a single analysis (Fig. 5) for each task. 
The coefficient correlation values were 0.158, 0.216 and 
0.294 for sentence production, sentence listening and sen-
tence reading, respectively. The correlation for reading was 
significantly larger than that for both listening (p = 0.0025) 
and production (p = 0.0075), and the latter two were not sig-
nificantly different (p = 0.80).

Summary of results

Conjunction analysis of left-activated and leftward asym-
metrical hROIs in 144 right-handed participants performing 
three language tasks  (PRODSENT-WORD,  READSENT-WORD and 
 LISNSENT-WORD) uncovered a set of 32 supramodal regions 
involved in lexico-syntactic processing. The hierarchical bot-
tom-up clustering of the intrinsic connectivity between these 
32 hROIs led to the identification of 3 networks, including 
a network of essential language areas (SENT_CORE) with 
strong positive correlations at rest across its 18 hROIs in 
more than 90% of the participants. The two other identified 

Fig. 4  Plot of degree centrality 
(DC) versus betweenness cen-
trality (BC) in SENT_CORE. 
The mean plus standard devia-
tion values of DC and BC define 
the quadrants. hROIs located 
in the superior right quadrant 
are hubs. Abbreviations for the 
hROIs of the AICHA atlas can 
be found in Table 2
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networks had lower inter-individual consistency, one includ-
ing visual language areas at the interface between visual and 
syntactic processing (SENT_VISU) and the other includ-
ing posterior DMN areas including posterior hippocampus 
(SENT_MEM). Intrinsic connectivity analysis showed that 
SENT_CORE was negatively correlated with SENT_MEM 
but was not correlated with SENT_VISU. Graph analysis 
metrics obtained for the SENT_CORE network revealed 
that F3t, STS3, and STS4 were hubs of both degree and 

betweenness centrality, and F3t and ST3 were also hubs 
of participation, meaning that these are key areas for both 
intra-network communication and inter-network commu-
nication between SENT_CORE and the other 2 networks. 
Importantly, a positive correlation across individuals was 
observed between the DC measured at rest and the strength 
of activation in most SENT_CORE regions, meaning that 
participants with higher DC values in a given region had 
higher activations than participants with lower DC values. 

Table 5  Correlation analysis between the degree centrality measured in the SENT_CORE network and the mean activation in each of the three 
language tasks

Correlations (R) were calculated within each hROI of the left hemisphere constituting the SENT_CORE network, and the DC values were calcu-
lated in the SENT_CORE network. hROIs with a * are those with significant correlations between activation and DC values (p < 0.05)

AICHA hROI MANCOVA PRODSENT−WORD LISNSENT−WORD READSENT−WORD

DC DC*Task R p R p R p

Frontal and insula prec4 0.072 0.84 0.066 0.44 0.163 0.056 0.146 0.088
F1_2* 0.0065 0.24 0.181 0.033 0.116 0.18 0.206 0.016
f2_2 0.092 0.0008 − 0.115 0.18 0.229 0.0068 0.248 0.0034
F3t* < 0.0001 0.35 0.264 0.0018 0.255 0.0025 0.245 0.0037
F3O1* 0.02 0.75 0.161 0.060 0.196 0.022 0.113 0.19
INSa2* 0.0025 0.032 0.200 0.019 0.072 0.40 0.267 0.0015
INSa3* 0.0006 0.017 0.231 0.0063 0.037 0.67 0.289 0.0006

Temporal and parietal T1_4* 0.0006 0.0008 0.316 0.0002 0.026 0.77 0.260 0.0021
T2_3* 0.009 0.06 0.266 0.0016 0.173 0.043 0.210 0.013
T2_4* 0.0008 0.21 0.124 0.15 0.183 0.032 0.261 0.0020
STS1* 0.0002 0.27 0.289 0.00060 0.228 0.0073 0.231 0.0064
STS2 0.67 0.33 0.084 0.33 − 0.028 0.75 0.033 0.70
STS3* 0.021 0.36 0.198 0.020 0.153 0.073 0.140 0.10
STS4* 0.0010 0.08 0.250 0.0032 0.187 0.028 0.283 0.0008
SMG7* < 0.0001 0.007 0.329 0.0001 0.204 0.016 0.303 0.0003
AG2 0.41 0.78 0.009 0.92 0.091 0.29 0.065 0.45

Internal surface SMA2 0.28 0.058 0.095 0.27 − 0.061 0.48 0.149 0.082
SMA3 0.16 0.66 0.111 0.20 0.074 0.39 0.076 0.37

Fig. 5  Correlation between DC values and activations in SENT_
CORE across participants and across the 18 hROIs during each of the 
3 language tasks. Plots of DC values and BOLD variations of the sen-
tence minus word contrasts calculated for sentence production (left), 

sentence listening (middle), sentence reading (right) and degree cen-
trality. The positive correlation coefficients (N = 138 × 18 = 2484) are 
0.158 for sentence production, 0.216 for sentence listening, and 0.295 
for sentence reading
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Moreover, such a positive correlation between the DC and 
activation was still significant when all regions of all partici-
pants in the three tasks were pooled, meaning that this was 
true regardless of the cortical area considered.

Discussion

Methodological issues

In this study, we selected right-handers from the BIL&GIN 
database because we previously demonstrated that these 
participants have a left hemisphere dominance for language 
at both the group level (Tzourio-Mazoyer et al. 2016) and 
the individual level (Zago et al. 2017), with only 5 (3%) of 
the 144 participants having a co-dominant right hemisphere. 
This sample group is optimal for selecting areas specific 
for sentence processing based on a conjunction of activa-
tions and leftward asymmetries. In addition, the inclusion 
of a fairly considerable number of participants (N = 144) 
provided us a high sensitivity for detecting supramodal sen-
tence areas while minimizing the risk of overlooking some.

However, we must underline that the present atlas is not 
all-inclusive. First, we selected map regions involved in 
only high-order language processing and lexico-syntactic 
processing. Using the list of familiar words as the refer-
ence condition, we removed the dorsal route of language, 
including the phonological loop, responsible for articulation 
and sound-to-articulation mapping (Saur et al. 2008; Raus-
checker and Scott 2009) In addition, the regions selected 
herein focused on the left hemisphere and did not account 
for right hemisphere-specialized aspects of sentence pro-
cessing, such as emotional prosody (Beaucousin et al. 2007; 
Hurschler et al. 2012) and context processing (Grindrod and 
Baum 2003; Ferstl et al. 2005).

Second, the presence of susceptibility artefacts com-
bined with averaging the large number of participants led 
to incomplete mapping of the inferior part of the temporal 
lobe, prohibiting us from documenting some areas, such as 
the basal language area in the anterior part of the fusiform 
gyrus. This essential language area, first identified using 
deep electrical recordings (Nobre et al. 1994), has been 
shown with positron emission tomography (PET) to be acti-
vated during both the production and auditory comprehen-
sion of language (Papathanassiou et al. 2000).

Third, small size regions may also be lacking in this atlas 
since we provided data at the hROI scale rather than at the 
voxel scale.

Concerning the clustering methods of correlation values 
at rest, a perfect match was observed between the Ward and 
average clustering methods (see supplementary material 
Table 1), and a good score was obtained with the Gaussian 
mixture model for global clustering at the 32 hROI levels. 

The weakest score was that of the k-means method, and such 
a difference in clustering observed with k-means compared 
to that in the other 3 methods is consistent with the fact 
that, as reported by Thirion et al., k-means forms clusters 
spatially close and connected but with poor reproducibility 
using the sample studied. By contrast, hierarchical cluster-
ing using Ward’s method, which we selected to segregate 
the networks, was reported to create connected clusters that 
are highly reproducible using the studied samples (Thirion 
et al. 2014).

A large set of supramodal language areas 
is involved in sentence processing tasks

We carefully designed each of the language tasks such that 
joint analyses were possible; the design was identical in the 
three tasks, and we chose to make them close enough to 
allow comparisons and conjunctions in terms of the num-
ber of words or the complexity of sentences. As mentioned 
above, the use of a high-level verbal reference task for con-
trolling the involvement of primary areas (auditory, visual 
and motor) and removing phonological and automatic word 
processing kept the lexico-syntactic aspects common to all 
three tasks.

The first set of 32 hROIs provides left hemispheric 
regions that are dedicated to the monitoring and comple-
tion of tasks based on sentence processing. Although not 
all regions can be considered essential language areas, all 
were determined to be modulated by the verbal material with 
which they are associated (left activation and leftward asym-
metry) and are thus part of an extended language network 
functioning during language tasks.

Unsupervised hierarchical clustering based on the resting-
state connectivity between hROIs successfully segregated 
three different networks, including networks hosting core 
language, visual areas, and posterior areas of the DMN 
and posterior hippocampus. Within the systems to which 
they belonged, these networks hosted areas dedicated to the 
interaction/interface with language systems. For example, 
the current analysis extracted from among the visual areas 
involved in picture processing those areas specifically deal-
ing with picture–sentence meaning integration.

Sentence comprehension essential network (SENT_
CORE)

Clustering the resting-state correlation between these 32 
hROIs allowed the discrimination of SENT_CORE, a net-
work of 18 strongly and positively correlated hROIs, includ-
ing frontal and temporo-parietal hROIs located on the lat-
eral surface of the left hemisphere and anterior insula areas. 
In particular, SENT_CORE included areas of the antero-
posterior language networks, named in reference to the 
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Broca–Wernicke model in aphasia literature and reported 
with consistency in meta-analyses of healthy individuals 
mapped during language tasks see Fig. 6 (Vigneau et al. 
2006; Price 2010, 2012). Note that SENT_CORE was the 
largest network in terms of volume (in  mm3), as it included 
more than half of the hROIs (18/32), all of which were 
strongly activated and leftward asymmetrical.

In the following, we discuss the potential roles of the 
identified areas in relation to the literature. However, it is 
now acknowledged that, apart from very specific regions 
where a lesion can be closely associated with a specific 
defect, the role of a given area documented with functional 
imaging must be understood as the combination of its func-
tional properties with those of the regions with which it 
constitutes a network to complete a given cognitive task. 
For example, prec4 is not part of the regions commonly 
labelled as “language areas”. The present work shows that 
prec4, located at the junction between the precentral and 
middle frontal gyrus, is both strongly activated and left-
ward asymmetrical in the three sentence tasks. Language 
meta-analyses have reported prec4 as part of the language 

areas involved in lexico-syntactic processing (named F2p 
in Vigneau et al. 2006, Fig. 6), and in word selection and 
hierarchical sequencing (named dPrec in Price 2010, Fig. 6). 
Applying Neurosynth to prec4 coordinates (x = − 42.2, 
y = 0.7, z = 50, Table 3) with an association test reveals 
the greatest number of studies with the terms “sentence”, 
“comprehension”, “language”, and “sentences”, followed by 
“eye” and “premotor”. Jouen et al. (2018) propose that prec4 
is “involved in the understanding of actions during verbal 
and non-verbal tasks”. In the present protocol, the sentences 
involved human actions, closely consistent with that role 
proposed by Jouen et al. (2018). Using a network approach, 
Saur et al. (2008) found that prec4 belongs to the sentence 
comprehension functional network. In Glasser’s atlas, prec4 
corresponds to “language area 55b” (Glasser et al. 2016) and 
overlaps the posterior part of the “rostro-ventral module” 
described by Genon et al. (2018a, b). In this last work based 
on peaks meta-analysis, this module is connected with the 
inferior frontal gyrus, orbital frontal and inferior parietal as 
prec4 in the present work. The present study further demon-
strates that prec4 is involved in a supramodal manner during 

Fig. 6  Schematic comparison of SENSAAS with the literature. This 
figure shows the results of neuroimaging meta-analyses and clinical 
studies superimposed on the hROI of SENSAAS of the lateral sur-
face of the left hemisphere of the BIL&GIN display template. In the 
first row: left SENSAAs hROIs of the left hemisphere lateral surface; 
middle: clusters of the meta-analysis of semantics (red) and sentence 
processing (green) adapted from Vigneau et  al. (2006) with their 
labels: right: schematic representation of the meta-analysis of lan-
guage-related activation studies (adapted from Price (2012); sentence: 

purple; semantics: light and dark pink; visual: red; word retrieval: 
green; integration: white). In the second row, left: functional con-
nectivity of the left middle temporal gyrus centred on the site where 
lesion results in deep aphasia (orange, adapted from Turken 2011); 
middle: functional connectivity from a seed centred on the left infe-
rior frontal gyrus (BA 45, red, adapted from Margulies and Petrides 
2013); right: zones of atrophy observed when pooling all types of 
PPA (orange, adapted from Mesulam et al. 2014)
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sentence processing, is strongly leftward asymmetrical, and 
is strongly and positively connected at rest with the network 
of areas we named SENT_CORE that hosts essential lan-
guage areas. These findings are consistent with the fact that 
prec4 is part of the areas that are conjointly atrophied in 
patients suffering from nonfluent primary progressive apha-
sia (PPA) (Mesulam et al. 2014) (Fig. 6).

Indeed, in the frontal lobe, SENT_CORE includes the 
whole inferior frontal gyrus (F3t and F3O) corresponding 
to Broca’s area according to most authors, whose lesion is 
responsible for conversational deficits, as is also the case for 
the anterior insula (INSa2, INSa3) (Borovsky et al. 2007). 
The posterior part of the inferior frontal sulcus (f2_2), 
also part of SENT_CORE, has been underlined as an area 
involved in lexico-syntactic processing (named F3opd in 
Vigneau et al. 2006, Fig. 6). Price also targeted f2_2 as 
being involved in word selection and hierarchical sequenc-
ing (named mFG in Price 2010, Fig. 6). Another indication 
of the important role of f2_2 in language is that together 
with F3t and prec4, it is the location of atrophy in nonfluent 
PPA [(Mesulam et al. 2014) see Fig. 6].

In the medial part of the frontal lobe, SENT_CORE 
includes both preSMA and the superior frontal gyrus (here, 
SMA2, SMA3 and F1_2), which have been reported in tasks 
involving sentences dealing with characters (Hervé et al. 
2012), as in the present paradigm. The activation of these 
areas has been attributed to processing the social aspects of 
verbal material (Ferstl and von Cramon 2002). As discussed 
below, these medial frontal areas are strongly connected with 
the posterior part of the middle temporal gyrus (Turken and 
Dronkers 2011). Notably, these medial frontal areas are also 
the sites of atrophy in PPA (Wilson et al. 2010a, b; Tetzloff 
et al. 2018).

In the temporal lobe, SENT_CORE included the STS 
together with the posterior part of the middle and superior 
temporal gyri, extending to the angular and supramarginal 
gyri. This characterization is consistent with the proposal 
by Price that these areas are involved in amodal semantic 
combinations, a process common to the three sentence 
tasks (Price 2010). A recent work on the time course of 
sentence processing areas has also shown that the posterior 
temporal lobe, here corresponding to STS3 and T2_3, is 
involved in lexico-syntactic processing, with the process-
ing of individual words in relation to the syntactic structure 
(Matchin et al. 2018). These posterior temporal areas have 
been documented to be essential language areas since the 
lesion of each results in specific deficits in sentence com-
prehension (Dronkers et al. 2004). In particular, lesion of 
the posterior parts of the middle temporal gyrus results in 
deep aphasia due to a loss of word meaning (Dronkers et al. 
2004), consistent with the specific atrophy observed in logo-
penic PPA (Wilson et al. 2010a, b). STS4, located dorsally 
to STS3 and T2_3, is involved in sentence-level high-order 

processing, and Matchin, in his work on the time course 
of sentence processing investigated with MEG, proposed 
that “increased activation at the end of the sentence sug-
gests a response associated with the interpretation of the 
sentence” (Matchin et al. 2018). The integration gradient 
of sentence meaning from lexical to conceptual progresses 
posteriorly with SMG7, which corresponds to the area 
labelled STSp in Vigneau et al.’s meta-analysis (Fig. 6). 
Vigneau et al. reported the following: “STSp role seems 
to process the semantic integration of complex linguistic 
material. This statement comes from the observation that 
it is recruited when subjects listen to coherent rather than 
syntactically or pragmatically incoherent sentences (Kuper-
berg et al. 2000; Luke et al. 2002), and it is involved in con-
text processing and syntactic generation—more activated 
when subjects have to choose between two words to end 
a sentence or have to generate the final word of a sentence 
(Kircher et al. 2001). STSp activity is very likely related to 
the linkage of linguistic structure to meaning: it is more acti-
vated when sentences are linked as dialogue (Homae et al. 
2002) or syllogisms (Goel et al. 1998) than when they are 
unlinked. It is also more activated during text comprehen-
sion, either presented auditory [compared to reverse speech 
(Kansaku et al. 2000; Crinion et al. 2003) or words (Jobard 
et al. 2007)] or visually [compared to words (Jobard et al. 
2007) or pseudo-word reading (Vingerhoets et al. 2003)]”. 
Price made an alternative proposal in her meta-analysis in 
2000 stating that the equivalent of SMG7 (vSMG and pPT) 
is activated by sentence processing, particularly when the 
sentences increase in difficulty, and she therefore suggested 
that SMG7 is involved in subvocal articulation. The present 
results demonstrating that SMG7 is involved and leftward 
asymmetrical not only during production and reading but 
also during sentence listening, which was cited as a easy 
task by the participants, suggests its involvement in meaning 
elaboration. The angular gyrus is the final location where 
this integration towards conceptual knowledge operates dor-
sally. Known to be involved in lexico-semantic processing, 
as identified by language task-induced activation studies 
[(Vigneau et al. 2006; Price 2010), see Fig. 6], the angular 
gyrus is specifically involved in conceptual knowledge as 
shown by neuropsychological studies. Lesion of this area 
leads to the inability to associate a sound or image related 
to the same concept (Saygin et al. 2004), and inactivation of 
the angular gyrus in the left hemisphere induces a deficit in 
semantic integration (Price et al. 2016). The angular hROI 
identified herein corresponds to Wang’s C5 and C6 parcels, 
involved in both language and theory-of-mind tasks (Wang 
et al. 2017). This last observation confirms that the role of 
the angular gyrus includes the interfacing between sentence 
processing and the understanding of human actions, a pro-
cess that is part of the present sentence tasks.
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The similitude between the areas composing the SENT_
CORE network and the regions showing atrophy in all types 
of PPA [(Mesulam et al. 2014), see Fig. 6] is striking and a 
key element evidencing that SENT_CORE contains essen-
tial language areas, although the anterior part of the inferior 
temporal gyrus hosting the basal temporal language area 
(Nobre et al. 1994; Papathanassiou et al. 2000) is lacking 
for the methodological reasons discussed above. Finally, 
the language functional network, which shares a common 
molecular basis of interaction highlighted by Zilles et al. 
using neurotransmitter receptor fingerprints (Zilles et al. 
2015), overlaps the hROIs of SENT_CORE, apart from 
AG2. Based on Zilles et al. report, we can hypothesize that 
the two other sentence-related networks we have identified 
are likely to have different fingerprints from those of SENT_
CORE. However, because the hROIs of these networks were 
selected as both activated and leftward asymmetrical in the 
three sentence tasks, it would be of interest to investigate 
what subset of fingerprints the hROIs of SENT_VISU and 
SENT_MEM may share in common with SENT_CORE to 
deepen our understanding of network interactions.

Hubs of SENT_CORE

The computation of betweenness and degree centralities 
allowed us to identify three hubs within SENT_CORE: 
one in the inferior frontal gyrus (F3t) and two others along 
the posterior part of the temporal cortex (STS3 and STS4). 
These high centrality figures demonstrate that these hROIs 
play a central role in communications with other parts of 
SENT_CORE, and the participation indices of F3t and 
STS3 further indicate their key role in communication with 
the other networks identified. Such properties are consist-
ent with the definition of epicentres proposed by Mesulam 
et al. (2014), and these regions can be considered essential 
for sentence/test comprehension independent of the modal-
ity. According to Mesulam, the network epicentre special-
izes in a specific behavioural component, which is language 
in this study, and the destruction of transmodal epicentres 
causes global impairments. In fact, as noted above, these 
hROIs overlap the middle temporal gyrus targeted in the 
aphasics investigation by Dronkers et al. (2004) as well as 
the regions showing the highest atrophy in all types of PPA 
(Mesulam et al. 2014), confirming that they do correspond to 
epicentres. In addition, these hubs are distributed in the ante-
rior and posterior cortices, constituting an antero-posterior 
loop across areas belonging to the same hierarchical level 
in terms of cortical organization, consistent with Fuster’s 
model for cognition (Fuster and Bressler 2012).

Other studies involving functional connectivity at rest 
have shown the strong connection of the left inferior frontal 
gyrus at rest with all SENT_CORE areas [(Margulies and 
Petrides 2013), Fig. 6]. The similarity between the regions 

found by these authors when seeding the posterior part of 
the middle temporal gyrus (here, STS3 and STS4) and the 
areas constituting SENT_CORE is also clear [(Turken and 
Dronkers 2011), Fig. 6]. These two observations are consist-
ent with the present observation that these regions are hubs 
for sentence processing and, more generally, the language 
comprehension network. Such a framework is also thought 
to correspond to the Broca–Wernicke language model, with 
F3t serving as Broca’s area and STS3 and STS4 serving as 
regions involved in the supramodal integration of meaning, 
consistent with the location of posterior areas leading to 
comprehension deficits (Pillay et al. 2017). These posterior 
STS areas are also considered by Binder as areas supporting 
meaning integration during sentence comprehension (Binder 
2017). Considering that a left deficit in this area leads to 
deficits in language comprehension, we propose to label it 
Wernicke’s area, although as reviewed by Binder, such a 
definition is different from the location currently proposed 
for Wernicke’s area in the superior temporal gyrus. In the 
present work, closely adhering to an anatomo-functional 
definition in reference to deficits in comprehension associ-
ated with Wernicke’s aphasia (Dronkers et al. 2004; Binder 
2015, 2017), we propose that F3t, STS3 and STS4, regions 
strongly activated and asymmetrical during sentence pro-
cessing in different modalities and hubs of the SENT_CORE 
network, are the epicentres of sentence comprehension.

Other areas contributing to sentence tasks

Because there was a low inter-individual consistency in 
the segregation of the networks labelled SENT_VISU and 
SENT_MEM, we will discuss the potential role of the 14 
hROIs that were not part of SENT_CORE together.

Since each event of the sentence tasks included task mon-
itoring, such as shifting between the word list and sentence 
tasks when a picture was presented or providing a motor 
response at the end of sentence processing, the involvement 
of executive areas was expected. Conjunction analyses 
indeed revealed that, in addition to the anterior insula at play 
in the three tasks (see above), putamen hROIs were involved 
and are a key neural support of executive functions and task 
monitoring (Monchi et al. 2006; Sefcsik et al. 2009). Moreo-
ver, a recent meta-analysis involving connectivity modelling 
showed that the left and right putamen areas are different in 
terms of their respective co-activations, which are specifi-
cally co-involved in language areas (Viñas-Guasch and Wu 
2017).

The posterior cingulate, precuneus, and paracentral lob-
ule together with the posterior hippocampus are part of the 
DMN, which has been shown to be involved in both epi-
sodic thinking and processing of “self”. At rest, these areas 
constituted a network that had a very strong and negative 
correlation with SENT_CORE, confirming that, although 
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they belong to different networks, they are related at rest. 
Task-induced activation studies have demonstrated that pos-
terior DMN regions are part of mind-reading areas together 
with the angular gyrus (Spreng et al. 2009). Activated and 
leftward lateralized during language tasks, this set of areas 
likely interacts with SENT_CORE during language tasks to 
process the sentence content dealing with social interactions 
(Hervé et al. 2012). The angular gyrus is a likely candidate 
for such an interaction since it segregated with SENT_MEM 
areas in two clustering methods and is involved in both lan-
guage and theory-of-mind tasks (Wang et al. 2017).

The fact that these posterior areas were segregated with 
the posterior hippocampus, involved in both the actual per-
ception and the encoding of scenes (Zeidman and Magu-
ire 2016), suggests that the SENT_MEM network is also 
involved in the image processing of the drawings, a compo-
nent common to the three sentence tasks. In fact, all partici-
pants performed well in the recall of these sentences (more 
than nine out of ten images recalled).

Finally, three hROIs were located along the occipito–tem-
poral junction. The posterior part of the inferior temporal 
lobe (T3_4), the inferior occipital gyrus (O3_1) and the mid-
fusiform gyrus (FUS4), with activity and leftward asym-
metry, are likely related to the processing of the sentence 
content in relation to the one-second drawing presentation 
(minus the scramble version of the word-list reference tasks) 
common to all tasks. In her meta-analysis, Price considered 
these areas to be involved in direct visual combinations 
(Price 2010), consistent with the design of the present para-
digm wherein the participants dealt with images related to 
sentence content regardless of the sentence task modality 
and the fact that the mean value and asymmetry of this net-
work did not vary with the language tasks. Furthermore, in 
her 2012 review, Price considered these areas to be involved 
in sentence processing depending on the task demand (Price 
2012). FUS4 is a region of the ventral route that corresponds 
to the visual word form area (Mellet et al. 2018). It is nota-
ble that this region was activated and leftward asymmetrical 
during the three tasks and segregated with the other visual 
regions at rest. Such a behaviour is in accordance with Price 
and Devlin’s proposal that the mid-fusiform area is involved 
not only in word and visual processing but is a multimodal 
area whose function is determined by the set of interact-
ing areas (Price and Devlin 2003). FUS4 involvement in 
the present study is likely to be in the association between 
the meaning conveyed by the pictures and the sentences and 
appears to be at play whatever the sentences’ modality. The 
fact that FUS4 did segregate with visual areas rather than 
sentence areas at rest supports this hypothesis (Fig. 2). In 
fact, visual hROIs were not correlated with SENT_CORE 
networks, meaning that they do not exchange information 
at rest. However, these areas involved in visual processing, 
as well as the other hROIs that did not constitute a network 

at rest with sentence core areas, showed a strong leftward 
activation during the language tasks, suggesting that their 
involvement during sentence is, at least in part, related to 
top-down influences from language networks.

The degree of centrality measured in SENT_CORE 
explains the activation variability during the three 
language tasks

To our knowledge, this study is the first to report a positive 
correlation between DC and task-induced activation values. 
Considering that the correlations between DC values and 
activation were positive for all hROIs, we suggest that the 
mechanism underlying this result may be that regions more 
highly connected within the SENT_CORE network are more 
highly recruited during language tasks. Such a hypothesis 
is supported by a very recent work conducted with elec-
trocortical stimulation that demonstrated that critical lan-
guage sites have significantly higher connectivity (Rolston 
and Chang 2018). It is also important to note that for 8 of 
the 13 hROIs, no significant effect of the nature of the task 
on the correlation strength was observed: the positive cor-
relation did not differ regardless of whether the participants 
produced, read or listened to sentences compared to listing 
words. Such a relationship was also observed when plotting 
all SENT_CORE regions of all subjects, as reported by oth-
ers in a different context (Buckner et al. 2009), meaning that 
the relationship between resting-state intrinsic connectivity 
and activation strength remains regardless of the participant 
and cortical area being considered. In Buckner’s study, the 
authors hypothesized that beta amyloid accumulates in high 
DC regions because their high metabolism makes them more 
vulnerable to the disease, consistent with the report that the 
DC calculated at the voxel level in the entire hemisphere 
is correlated with cerebral blood flow values (Liang et al. 
2013). Similarly, DC values computed at the hROI level in 
the SENT_CORE network may also indicate the metabolism 
of language areas in a given individual, which may be of 
interest in the evaluation of pathological states. Mesulam 
et al. reported the selective atrophy of right hemisphere areas 
in a PPA patient with right hemisphere dominance for lan-
guage, an observation suggesting that language networks are 
specifically targeted by this illness (Mesulam et al. 2005). 
DC measurements in SENT_CORE may thus be a valuable 
index with which to evaluate inter-individual variations in 
language area activities in relation to anatomical and clinical 
patterns in such pathologies.

Previous investigations dealing with the relationships 
between tasks and the resting state have compared the func-
tional connectivity during cognitive tasks with that measured 
during the resting state (Cole et al. 2014; Gerchen and Kirsch 
2017), as reviewed by Wig (2017). Reports more closely 
related to the approach used herein have compared resting-state 
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connectivity and hemispheric activation asymmetries obtained 
during language production in healthy individuals (Joliot et al. 
2016) and epileptic patients (Doucet et al. 2014), or during 
story listening (Raemaekers et al. 2018). Other investigations 
have found correlations between the task-induced and intrin-
sic connectivity asymmetries measured in selected sets of 
hROIs (Liu et al. 2009), such as the set of regions involved in 
a semantic decision task (Wang et al. 2014). Seeding specific 
language areas, a previous study involving epileptic patients 
demonstrated that the functional connectivity measured at rest 
was correlated with lateralization indices measured during lan-
guage tasks. In this last work, the intrinsic connectivity most 
strongly correlated with asymmetry of task-induced fMRI was 
between the inferior frontal and temporo-parietal language 
areas, all regions constituting SENT_CORE (Teghipco et al. 
2016). The set of consistent findings across the latter stud-
ies show that asymmetries of intrinsic connectivity partially 
explain the variability in activation asymmetries measured 
during language tasks. However, to our knowledge, there are 
no previous reports of a relationship between intrinsic DC and 
activation strength, probably because such a relationship is 
lacking when comparing whole-brain intrinsic connectivity 
to variations in activity triggered by cognitive tasks that are 
underpinned by specific networks. In fact, in the present study, 
this relationship was observed when the DC computation con-
sidered only the 18 hROIs of the SENT_CORE network and 
disappeared when the DC computation included all of the left 
hemisphere hROIs. This is an important observation because it 
underlines the necessity of exploring the properties of intrinsic 
connectivity within specific networks rather than at the whole-
brain level.

Considering that the rs-fMRI acquisition was completed 
on average 11 months before the language fMRI session 
herein, it was surprising that the rs-fMRI-derived DC values 
explained up to 11% of the variance in the language fMRI-
derived activation amplitudes in 12 of the 18 SENT_CORE 
network regions. Thus, DC values at rest in regions consti-
tuting SENT_CORE can be considered as proxies of their 
potential involvement during sentence processing. However, 
to generalize this observation, we need to both investigate 
how the SENT_CORE DC is modified in individuals atypi-
cal for language and to confirm that such a relationship 
between the DC value during the resting state and activa-
tion strength also exists for networks supporting other cog-
nitive domains, specifically the attentional system, in the 
same participant.

Conclusion

Based on the fMRI analysis of 3 language tasks performed by 
144 healthy adult right-handers combined with the analysis of 
intrinsic resting-state connectivity in 138 of the participants, 

we propose a SENSAAS atlas of high-order sentence pro-
cessing areas. This atlas includes 32 regions decomposed 
into 3 networks, including one (SENT_CORE) specifically 
composed of essential areas for sentence reading, listening 
and production. This atlas also contains the features of these 
three networks, a graph analysis of the intrinsic connectivity 
of regions that compose SENT_CORE (their degree central-
ity values that correlate with their strength of activation dur-
ing the language tasks) as well as the relationships across the 
different language networks at rest. Such a positive correla-
tion between the DC at rest and the language task-induced 
activation amplitude in the left hemisphere language network 
opens the way for investigating participants with language 
pathologies or population neuroimaging studies searching for 
the genetic basis of language by analysing only resting-state 
acquisition. Finally, the methodology we applied, identifying 
regions from activation studies for selecting the networks at 
play, advanced the specificity of resting-state graphical analy-
sis and shed light on the relationships between resting-state 
and task-related networks.

Acknowledgements The authors thank Daniel Margulies for having 
provided images from his work to complete the Fig. 6 and enrich the 
discussion.

Funding This work was supported by a grant from the FLAG-ERA 
Human Brain Project 2015 (ANR-15-HBPR-0001-03-MULTI-LAT-
ERAL) awarded to FC, BM, NTM, and MJ and the Ginesis-Lab project 
(ANR 16 LCV2 0006 01), a grant awarded to MJ, BM, NTM, EM, 
CF, and LP.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval The study has been approved by the Basse-Normandie 
research ethics committee and was performed in accordance with the 
ethical standards as laid out in the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards.

Informed consent Informed written consent was obtained from all 
individual participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Amunts K, Zilles K (2012) Architecture and organizational principles 
of Broca’s region. Trends Cogn Sci 16:418–426



880 Brain Structure and Function (2019) 224:859–882

1 3

Baldo JV, Wilkins DP, Ogar J, Willock S, Dronkers NF (2011) Role 
of the precentral gyrus of the insula in complex articulation. 
Cortex 47:800–807

Beaucousin V, Lacheret A, Turbelin MR, Morel M, Mazoyer B, Tzou-
rio-Mazoyer N (2007) FMRI study of emotional speech compre-
hension. Cereb Cortex 17:339–352

Binder JR (2011) Functional MRI is a valid noninvasive alternative to 
Wada testing. Epilepsy Behav 20:214–222

Binder JR (2015) The Wernicke area: modern evidence and a reinter-
pretation. Neurology 85:2170–2175

Binder J R O M (2017) Current controversies on Wernicke’s area and 
its role in language. Curr Neurol Neurosci Rep 17: 58

Borovsky A, Saygin AP, Bates E, Dronkers N (2007) Lesion correlates 
of conversational speech production deficits. Neuropsychologia 
45:2525–2533

Buckner RL, Sepulcre J, Talukdar T, Krienen FM, Liu H, Hedden T, 
Andrews-Hanna JR, Sperling RA, Johnson KA (2009) Corti-
cal hubs revealed by intrinsic functional connectivity: mapping, 
assessment of stability, and relation to Alzheimer’s disease. J 
Neurosci 29:1860–1873

Charrad M, Ghazzali N, Boiteau V, Niknafs A (2014) NbClust: an R 
package for determining the relevant number of clusters in data 
set. J Stat Soft 61:1–36

Clos M, Amunts K, Laird AR, Fox PT, Eickhoff SB (2013) Tackling the 
multifunctional nature of Broca’s region meta-analytically: co-
activation-based parcellation of area 44. Neuroimage 83:174–188

Cole MW, Bassett DS, Power JD, Braver TS, Petersen SE (2014) Intrin-
sic and task-evoked network architectures of the human brain. 
Neuron 83:238–251

Crinion JT, Lambon-Ralph MA, Warburton EA, Howard D, Wise RJ 
(2003) Temporal lobe regions engaged during normal speech 
comprehension. Brain 126:1193–1201

Diedenhofen B, Musch J (2015) cocor: a comprehensive solution for the 
statistical comparison of correlations. PLoS One 10:e0121945

Dodoo-Schittko F, Rosengarth K, Doenitz C, Greenlee MW (2012) 
Assessing language dominance with functional MRI: the role 
of control tasks and statistical analysis. Neuropsychologia 
50:2684–2691

Doucet G, Naveau M, Petit L, Delcroix N, Zago L, Crivello F, Jobard 
G, Tzourio-Mazoyer N, Mazoyer B, Mellet E, Joliot M (2011) 
Brain activity at rest: a multiscale hierarchical functional organi-
zation. J Neurophysiol 105:2753–2763

Doucet GE, Pustina D, Skidmore C, Sharan A, Sperling MR, Tracy JI 
(2014) Resting-state functional connectivity predicts the strength 
of hemispheric lateralization for language processing in temporal 
lobe epilepsy and normals. Hum Brain Mapp 36:288–303

Dronkers N, Ogar J (2004) Brain areas involved in speech production. 
Brain 127:1461–1462

Dronkers NF, Wilkins DP, Van Valin RD, Redfern BB, Jaeger JJ (2004) 
Lesion analysis of the brain areas involved in language compre-
hension. Cognition 92:145–177

Dym RJ, Burns J, Freeman K, Lipton ML (2011) Is functional MR 
imaging assessment of hemispheric language dominance as good 
as the Wada test?: a meta-analysis. Radiology 261:446–455

Efron B, Halloran E, Holmes S (1996) Bootstrap confidence levels for 
phylogenetic trees. Proc Natl Acad Sci 92:13429

Ferstl EC, von Cramon DY (2002) What does the frontomedian cortex 
contribute to language processing: coherence or theory of mind? 
Neuroimage 17:1599–1612

Ferstl EC, Rinck M, von Cramon DY (2005) Emotional and temporal 
aspects of situation model processing during text comprehen-
sion: an event-related fMRI study. J Cogn Neurosci 17:724–739

Ferstl EC, Neumann J, Bogler C, Yves von CD (2008) The extended 
language network: a meta-analysis of neuroimaging studies on 
text comprehension. Hum Brain Mapp 29:581–593

Friederici AD, Gierhan SM (2013) The language network. Curr Opin 
Neurobiol 23:250–254

Fuster JM, Bressler SL (2012) Cognit activation: a mechanism ena-
bling temporal integration in working memory. Trends Cogn Sci 
16:207–218

Genon S, Reid A, Li H, Fan L, Müller VI, Cieslik EC, Hoffstaedter 
F, Langner R, Grefkes C, Laird AR (2018a) The heterogene-
ity of the left dorsal premotor cortex evidenced by multimodal 
connectivity-based parcellation and functional characterization. 
Neuroimage 170:400–411

Genon S, Reid A, Langner R, Amunts K, Eickhoff SB (2018b) How 
to characterize the function of a brain region. Trends Cogn Sci 
22:350–364

Gerchen MF, Kirsch P (2017) Combining task-related activation and 
connectivity analysis of fMRI data reveals complex modulation 
of brain networks. Hum Brain Mapp 38:5726–5739

Glasser MF, Coalson TS, Robinson EC, Hacker CD, Harwell J, Yacoub 
E, Ugurbil K, Andersson J, Beckmann CF, Jenkinson M, Smith 
SM, Van Essen DC (2016) A multi-modal parcellation of human 
cerebral cortex. Nature 536:171–178

Goel V, Gold B, Kapur S, Houle S (1998) Neuroanatomical correlates 
of human reasoning. J Cogn Neurosci 10:293–302

Grindrod CM, Baum SR (2003) Sensitivity to local sentence context 
information in lexical ambiguity resolution: evidence from 
left- and right-hemisphere-damaged individuals. Brain Lang 
85:503–523

Guimera R, Amaral LAN (2005) Functional cartography of complex 
metabolic networks. Nature 433:895–900

Hervé P-Y, Razafimandimby A, Vigneau M, Mazoyer B, Tzourio-
Mazoyer N (2012) Disentangling the brain networks supporting 
affective speech comprehension. Neuroimage 61:1255–1267

Homae F, Hashimoto R, Nakajima K, Miyashita Y, Sakai KL (2002) 
From perception to sentence comprehension: the convergence of 
auditory and visual information of language in the left inferior 
frontal cortex. Neuroimage 16:883–900

Hubert L, Arabie P (1985) Comparing partitions. J Classif 2:193–218
Hurschler MA, Liem F, Jäncke L, Meyer M (2012) Right and left peri-

sylvian cortex and left inferior frontal cortex mediate sentence-
level rhyme detection in spoken language as revealed by sparse 
fMRI. Hum Brain Mapp 34:30182–33192

Jobard G, Vigneau M, Mazoyer B, Tzourio-Mazoyer N (2007) Impact 
of modality and linguistic complexity during reading and listen-
ing tasks. Neuroimage 34:784–800

Joliot M, Jobard G, Naveau M, Delcroix N, Petit L, Zago L, Crivello 
F, Mellet E, Mazoyer B, Tzourio-Mazoyer N (2015) AICHA: 
an atlas of intrinsic connectivity of homotopic areas. J Neurosci 
Methods 254:46–59

Joliot M, Tzourio-Mazoyer N, Mazoyer B (2016) Intra-hemispheric 
intrinsic connectivity asymmetry and its relationships with 
handedness and language lateralization. Neuropsychologia 
93:437–447

Jouen AL, Ellmore TM, Madden-Lombardi CJ, Pallier C, Dominey PF, 
Ventre-Dominey J (2018) Beyond the word and image: II—struc-
tural and functional connectivity of a common semantic system. 
Neuroimage 166:185–197

Kansaku K, Yamaura A, Kitazawa S (2000) Sex differences in later-
alization revealed in the posterior language areas. Cereb Cortex 
10:866–872

Kircher TT, Brammer M, Tous Andreu N, Williams SC, McGuire PK 
(2001) Engagement of right temporal cortex during processing 
of linguistic context. Neuropsychologia 39:798–809

Klingbeil J, Wawrzyniak M, Stockert A, Saur D (2017) Resting-state 
functional connectivity: an emerging method for the study of 
language networks in post-stroke aphasia. Brain Cogn. https ://
doi.org/10.1016/j.bandc .2017.08.005



881Brain Structure and Function (2019) 224:859–882 

1 3

Kuperberg GR, McGuire PK, David AS (2000) Sensitivity to linguis-
tic anomalies in spoken sentences: a case study approach to 
understanding thought disorder in schizophrenia. Psychol Med 
30:345–357

Lance GN, Williams WT (1979) INVER: a program for the compu-
tation of distance-measures between attributes of mixed types. 
Aust Comput J 11:27–28

Lebret R, Iovleff S, Langrognet F, Biernacki C, Celeux G, Govaert G 
(2015) Rmixmod: the R package of the model-based unsuper-
vised, supervised and semi-supervised classification mixmod 
library. J Stat Softw 67:1–29

Liang X, Zou Q, He Y, Yang Y (2013) Coupling of functional con-
nectivity and regional cerebral blood flow reveals a physiological 
basis for network hubs of the human brain. Proc Natl Acad Sci 
USA 110:1929–1934

Liu H, Stufflebeam SM, Sepulcre J, Hedden T, Buckner RL (2009) 
Evidence from intrinsic activity that asymmetry of the human 
brain is controlled by multiple factors. Proc Natl Acad Sci USA 
106:20499–20503

Luke KK, Liu HL, Wai YY, Wan YL, Tan LH (2002) Functional anat-
omy of syntactic and semantic processing in language compre-
hension. Hum Brain Mapp 16:133–145

Margulies DS, Petrides M (2013) Distinct parietal and temporal con-
nectivity profiles of ventrolateral frontal areas involved in lan-
guage production. J Neurosci 33:16846–16852

Matchin W, Brodbeck C, Hammerly C, Lau E (2018) The temporal 
dynamics of structure and content in sentence comprehension: 
Evidence from fMRI-constrained MEG. Hum Brain Mapp. https 
://doi.org/10.1002/hbm.24403 

Mazoyer B, Zago L, Jobard G, Crivello F, Joliot M, Perchey G, Mel-
let E, Petit L, Tzourio-Mazoyer N (2014) Gaussian mixture 
modeling of hemispheric lateralization for language in a large 
sample of healthy individuals balanced for handedness. PLoS 
One 9:e101165

Mazoyer B, Mellet E, Perchey G, Zago L, Crivello F, Jobard G, 
Delcroix N, Vigneau M, Leroux G, Petit L, Joliot M, Tzou-
rio-Mazoyer N (2015) BIL&GIN: a neuroimaging, cognitive, 
behavioral, and genetic database for the study of human brain 
lateralization. Neuroimage 124:1225–1231

Mellet E, Salagnon M, Majkic AC, Joliot S, Jobard M, Tzourio 
Mazoyer GB, d’Errico N F (2018) Neuroimaging supports 
the representational nature of the earliest human engravings. 
BioRxiv. https ://doi.org/10.1101/46478 4

Mesulam M, Weintraub S, Parrish T, Gitelman D (2005) Primary pro-
gressive aphasia: reversed asymmetry of atrophy and right hemi-
sphere language dominance. Neurology 64:556–557

Mesulam M-M, Rogalski EJ, Wieneke C, Hurley RS, Geula C, Bigio 
EH, Thompson CK, Weintraub S (2014) Primary progressive 
aphasia and the evolving neurology of the language network. Nat 
Rev Neurol 10:554–569

Monchi O, Petrides M, Strafella AP, Worsley KJ, Doyon J (2006) Func-
tional role of the basal ganglia in the planning and execution of 
actions. Ann Neurol 59:257–264

Nobre AC, Allison T, McCarthy G (1994) Word recognition in the 
human inferior temporal lobe. Nature 372:260–263

Ojemann G, Ojemann J, Lettich E, Berger M (1989) Cortical lan-
guage localization in left, dominant hemisphere. An electrical 
stimulation mapping investigation in 117 patients. J Neurosurg 
71:316–326

Opsahl T, Agneessens F, Networks JS-S (2010) Node centrality in 
weighted networks: generalizing degree and shortest paths. Soc 
Netw 32:245–251

Papathanassiou D, Etard O, Mellet E, Zago L, Mazoyer B, Tzourio-
Mazoyer N (2000) A common language network for comprehen-
sion and production: a contribution to the definition of language 
epicenters with PET. Neuroimage 11:347–357

Pillay SB, Binder JR, Humphries C, Gross WL, Book DS (2017) 
Lesion localization of speech comprehension deficits in chronic 
aphasia. Neurology 88:970–975

Price CJ (2000) The anatomy of language: contributions from func-
tional neuroimaging. J Anat 197:335–359

Price CJ (2010) The anatomy of language: a review of 100 fMRI stud-
ies published in 2009. Ann N Y Acad Sci 1191:62–88

Price CJ (2012) A review and synthesis of the first 20 years of PET 
and fMRI studies of heard speech, spoken language and reading. 
Neuroimage 62:816–847

Price CJ, Devlin JT (2003) The myth of the visual word form area. 
Neuroimage 19:473–481

Price AR, Peelle JE, Bonner MF, Grossman M, Hamilton RH (2016) 
Causal evidence for a mechanism of semantic integration in the 
angular gyrus as revealed by high-definition transcranial direct 
current stimulation. J Neurosci 36:3829–3838

Raemaekers M, Schellekens W, Petridou N, Ramsey NF (2018) Know-
ing left from right: asymmetric functional connectivity during 
resting state. Brain Struct Funct 223:1909–1922

Raichle ME (2015) The brain’s default mode network. Annu Rev Neu-
rosci 38:433–447

Raichle ME, Mintun MA (2006) Brain work and brain imaging. Annu 
Rev Neurosci 29:449–476

Rauschecker JP, Scott SK (2009) Maps and streams in the auditory 
cortex: nonhuman primates illuminate human speech processing. 
Nat Neurosci 12:718–724

Richardson JD, Fillmore P, Rorden C, Lapointe LL, Fridriksson J 
(2012) Re-establishing Broca’s initial findings. Brain Lang 
123:125–130

Rolston JD, Chang EF (2018) Critical language areas show increased 
functional connectivity in human cortex. Cereb Cortex 
28:4161–4168

Rubinov M, Sporns O (2010) Complex network measures of brain con-
nectivity: uses and interpretations. Neuroimage 52:1059–1069

Saur D, Lange R, Baumgaertner A, Schraknepper V, Willmes K, 
Rijntjes M, Weiller C (2006) Dynamics of language reorganiza-
tion after stroke. Brain 129:1371–1384

Saur D, Kreher BW, Schnell S, Kümmerer D, Kellmeyer P, Vry MS, 
Umarova R, Musso M, Glauche V, Abel S (2008) Ventral and 
dorsal pathways for language. Proc Natl Acad Sci 105:18035

Saygin AP, Wilson SM, Dronkers NF, Bates E (2004) Action compre-
hension in aphasia: linguistic and non-linguistic deficits and their 
lesion correlates. Neuropsychologia 42:1788–1804

Sefcsik T, Nemeth D, Janacsek K, Hoffmann I, Scialabba J, Klivenyi P, 
Ambrus GG, Haden G, Vecsei L (2009) The role of the putamen 
in cognitive functions—a case study. Learn Percept 1:215–227

Sidtis JJ (2007) Some problems for representations of brain organi-
zation based on activation in functional imaging. Brain Lang 
102:130–140

Sneath PH, Sokal RR (1973) Numerical taxonomy. The principles and 
practice of numerical classification (a series of books in biology), 
vol 573. WF Freeman and Co., San Francisco

Sporns O, Honey CJ, Kötter R (2007) Identification and classification 
of hubs in brain networks. PLoS One 2:e1049

Spreng RN, Mar RA, Kim AS (2009) The common neural basis of 
autobiographical memory, prospection, navigation, theory of 
mind, and the default mode: a quantitative meta-analysis. J Cogn 
Neurosci 21:489–510

Suzuki R, Shimodaira H (2006) Pvclust: an R package for assess-
ing the uncertainty in hierarchical clustering. Bioinformatics 
22:1540–1542

Tate MC, Herbet G, Moritz-Gasser S, Tate JE, Duffau H (2014) Proba-
bilistic map of critical functional regions of the human cerebral 
cortex: Broca’s area revisited. Brain 137:2773–2782



882 Brain Structure and Function (2019) 224:859–882

1 3

Teghipco A, Hussain A, Tivarus ME (2016) Disrupted functional con-
nectivity affects resting state based language lateralization. Neu-
roimage Clin 12:910–927

Tetzloff KA, Duffy JR, Clark HM, Strand EA, Machulda MM, Schwarz 
CG, Senjem ML, Reid RI, Spychalla AJ, Tosakulwong N, Lowe 
VJ, Jack CR, Josephs KA, Whitwell JL (2018) Longitudinal 
structural and molecular neuroimaging in agrammatic primary 
progressive aphasia. Brain 141:302–317

Thirion B, Varoquaux G, Dohmatob E, Poline JB (2014) Which fMRI 
clustering gives good brain parcellations. Front Neurosci 8:167

Thompson PM, Andreassen OA, Arias-Vasquez A, Bearden CE, Boed-
hoe PS, Brouwer RM, Buckner RL, Buitelaar JK, Bulayeva KB, 
Cannon DM, Cohen RA, Conrod PJ, Dale AM, Deary IJ, Dennis 
EL, de Reus MA, Desrivieres S, Dima D, Donohoe G, Fisher SE, 
Fouche JP, Francks C, Frangou S, Franke B, Ganjgahi H, Gara-
van H, Glahn DC, Grabe HJ, Guadalupe T, Gutman BA, Hashi-
moto R, Hibar DP, Holland D, Hoogman M, Pol HEH, Hosten 
N, Jahanshad N, Kelly S, Kochunov P, Kremen WS, Lee PH, 
Mackey S, Martin NG, Mazoyer B, McDonald C, Medland SE, 
Morey RA, Nichols TE, Paus T, Pausova Z, Schmaal L, Schu-
mann G, Shen L, Sisodiya SM, Smit DJA, Smoller JW, Stein DJ, 
Stein JL, Toro R, Turner JA, van den Heuvel MP, van den Heuvel 
OL, van Erp TGM, van Rooij D, Veltman DJ, Walter H, Wang Y, 
Wardlaw JM, Whelan CD, Wright MJ, Ye J, ENIGMA C (2017) 
ENIGMA and the individual: predicting factors that affect the 
brain in 35 countries worldwide. Neuroimage 145:389–408

Tomasi D, Volkow ND (2012) Resting functional connectivity of lan-
guage networks: characterization and reproducibility. Mol Psy-
chiatry 17:841–854

Turken AU, Dronkers NF (2011) The neural architecture of the lan-
guage comprehension network: converging evidence from lesion 
and connectivity analyses. Front Syst Neurosci 5:1

Tzourio-Mazoyer N, Joliot M, Marie D, Mazoyer B (2016) Variation 
in homotopic areas’ activity and inter-hemispheric intrinsic con-
nectivity with type of language lateralization: an FMRI study 
of covert sentence generation in 297 healthy volunteers. Brain 
Struct Funct 221:2735–2753

van den Heuvel MP, Sporns O (2011) Rich-club organization of the 
human connectome. J Neurosci 31:15775–15786

van den Heuvel MP, Mandl RC, Stam CJ, Kahn RS, Hulshoff Pol HE 
(2010) Aberrant frontal and temporal complex network struc-
ture in schizophrenia: a graph theoretical analysis. J Neurosci 
30:15915–15926

Vigneau M, Beaucousin V, Hervé PY, Duffau H, Crivello F, Houdé 
O, Mazoyer B, Tzourio-Mazoyer N (2006) Meta-analyzing left 

hemisphere language areas: phonology, semantics, and sentence 
processing. Neuroimage 30:1414–1432

Viñas-Guasch N, Wu YJ (2017) The role of the putamen in language: 
a meta-analytic connectivity modeling study. Brain Struct Funct 
22:3991–4004

Vingerhoets G, Van Borsel J, Tesink C, van den Noort M, Deblaere K, 
Seurinck R, Vandemaele P, Achten E (2003) Multilingualism: an 
fMRI study. Neuroimage 20:2181–2196

Wada J, Rasmussen T (1960) Intracarotid injection of sodium amytal 
for the lateralization of cerebral speech dominance: experimental 
and clinical observations. J Neurosurg 17:266–282

Wang D, Buckner RL, Liu H (2014) Functional specialization in the 
human brain estimated by intrinsic hemispheric interaction. J 
Neurosci 34:12341–12352

Wang J, Xie S, Guo X, Becker B, Fox PT, Eickhoff SB, Jiang T (2017) 
Correspondent functional topography of the human left inferior 
parietal lobule at rest and under task revealed using resting-state 
fMRI and coactivation based parcellation. Hum Brain Mapp

Ward JH Jr (1963) Hierarchical grouping to optimize an objective func-
tion. J Am Stat Assoc 58:236–244

Wig GS (2017) Segregated systems of human brain networks. Trends 
Cogn Sci 21:981–996

Wilson SM, Dronkers NF, Ogar JM, Jang J, Growdon ME, Agosta F, 
Henry ML, Miller BL, Gorno-Tempini ML (2010a) Neural cor-
relates of syntactic processing in the nonfluent variant of primary 
progressive aphasia. J Neurosci 30:16845–16854

Wilson SM, Henry ML, Besbris M, Ogar JM, Dronkers NF, Jarrold W, 
Miller BL, Gorno-Tempini ML (2010b) Connected speech pro-
duction in three variants of primary progressive aphasia. Brain 
133:2069–2088

Yourganov G, Smith KG, Fridriksson J, Rorden C (2015) Predicting 
aphasia type from brain damage measured with structural MRI. 
Cortex 73:203–215

Zago L, Hervé P-Y, Genuer R, Laurent A, Mazoyer B, Tzourio-
Mazoyer N, Joliot M (2017) Predicting hemispheric dominance 
for language production in healthy individuals using support vec-
tor machine. Hum Brain Mapp 38:5871–5889

Zeidman P, Maguire EA (2016) Anterior hippocampus: the anatomy of 
perception, imagination and episodic memory. Nat Rev Neurosci 
17:173–182

Zilles K, Bacha-Trams M, Palomero-Gallagher N, Amunts K, Fried-
erici AD (2015) Common molecular basis of the sentence com-
prehension network revealed by neurotransmitter receptor finger-
prints. Cortex 63:79–89



 ̖

ʥ˴ WMCA   ˮ   ƢŘ   aƚōaƍ   deƍ   aĸƅeƍ   héƚéƅŢ̆ŖŢdaōeƍ   dƢ   ŖŢƚ   ̖̖
 ̖

Heƍling˯  I˴˯   Labache,  L˴ ˯  Jolioƚ˯  M˴˯  ͇   TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʬ́˴  Laƅgĕƍcale  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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Abstract
We aimed at identifying plurimodal large-scale networks for producing, listening to and reading word lists based on the 
combined analyses of task-induced activation and resting-state intrinsic connectivity in 144 healthy right-handers. In the 
first step, we identified the regions in each hemisphere showing joint activation and joint asymmetry during the three tasks. 
In the left hemisphere, 14 homotopic regions of interest (hROIs) located in the left Rolandic sulcus, precentral gyrus, cingu-
late gyrus, cuneus and inferior supramarginal gyrus (SMG) met this criterion, and 7 hROIs located in the right hemisphere 
were located in the preSMA, medial superior frontal gyrus, precuneus and superior temporal sulcus (STS). In a second 
step, we calculated the BOLD temporal correlations across these 21 hROIs at rest and conducted a hierarchical clustering 
analysis to unravel their network organization. Two networks were identified, including the WORD-LIST_CORE network 
that aggregated 14 motor, premotor and phonemic areas in the left hemisphere plus the right STS that corresponded to the 
posterior human voice area (pHVA). The present results revealed that word-list processing is based on left articulatory and 
storage areas supporting the action–perception cycle common not only to production and listening but also to reading. The 
inclusion of the right pHVA acting as a prosodic integrative area highlights the importance of prosody in the three modali-
ties and reveals an intertwining across hemispheres between prosodic (pHVA) and phonemic (left SMG) processing. These 
results are consistent with the motor theory of speech postulating that articulatory gestures are the central motor units on 
which word perception, production, and reading develop and act together.

Keywords Word production · Word perception · Word reading · Hemispheric specialization · Resting state

Introduction

Language is one of the most important and specific cognitive 
abilities of human beings. According to De Saussure (1975), 
language is a universal structure encompassing the abstract, 
systematic rules and conventions of a unifying system, which 
is independent of individual users, while speech is the per-
sonal use of language, thus presenting many different varia-
tions such as style, grammar, syntax, intonation, rhythm, and 
pronunciation. Though neuroimaging studies of language 
at the word/phonological level have demonstrated bilateral 
activation during language tasks, calculation of asymmetries 
provides results that are consistent with the neuropsycho-
logical evidence that language is implemented in large areas 
located along the left sylvian fissure (Vigneau et al. 2006, 
2011). More specifically, word processing is underpinned 
by cortical areas involved in the auditory, visual, and motor 
areas spreading over the left hemisphere depending on the 
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type of language modality (Price 2010, 2012). However, the 
question of the existence of core areas independent of the 
modality of the language task is still open. Regarding the 
left hemisphere arrangement of language areas, two diver-
gent theories explain the relations of speech perception and 
speech production to language. The former, called the hori-
zontal view, proposes that the elements of speech are sounds 
that rely on two separate processes (one for speech percep-
tion, the other for speech production) that are not special-
ized for language until a cognitive process connects them 
to each other and then to language (Fodor 1983). The latter, 
called the vertical view (or motor theory of speech percep-
tion), posits that speech elements are articulatory gestures 
serving both speech perception and production processes 
that are immediately linguistic, thus requiring no cogni-
tive process (Liberman and Whalen 2000). More generally, 
the existence of a bilateral dorsal–ventral model of speech 
processing with preferential leftward involvement has been 
widely accepted (Binder et al. 1996; Hickok and Poeppel 
2004; Rauschecker and Tian 2000). This model posits the 
coexistence of (1) a dorsal pathway, i.e. the “where stream,” 
in which an acoustic–phonetic–articulatory transformation 
linking auditory representations to motor representations 
is reported to occur in superior temporal/parietal areas and 
ultimately in frontal areas (Buchsbaum et al. 2001); and (2) 
a ventral pathway, i.e. the “what stream”, in which speech-
derived representations interface with lexical semantic 
representations, reported to involve the superior, middle, 
and inferior temporal gyri (Binder et al. 2000; Hickok and 
Poeppel 2000). Interestingly, concerning the dorsal path-
way, the postulated existence of an auditory–motor system 
(Hickok and Poeppel 2000) has been supported by studies 
that aimed at examining the role of motor areas in speech 
perception. Hence, an fMRI study revealed that listening to 
syllables and producing the same syllables led to a common 
bilateral network encompassing a superior part of the ven-
tral premotor cortex, suggesting the existence of a common 
phonetic code between speech perception and production 
(Wilson et al. 2004). Furthermore, another study has not 
only suggested that the cortical motor system is organized 
in a somatotopic way along the precentral cortex with the lip 
area being superior to the tongue area, but also revealed that 
these precentral regions are consistently activated by syllable 
articulation and syllable perception, hence demonstrating a 
shared speech-sound-specific neural substrate of these sen-
sory and motor processes (Pulvermüller et al. 2006). These 
findings were supported by a meta-analysis revealing that in 
right-handers, activations of the posterior part of the frontal 
lobe distributed along the precentral gyrus were strongly 
left lateralized during both production and auditory tasks 
at the word or syllable level, together with the involvement 
of the supramarginal gyrus (SMG) (Vigneau et al. 2006). 
Moreover, a recent MEG study reported a synchronization 

between the anterior motor regions involved in syllable artic-
ulation and the posterior regions involved in their auditory 
perception during perception of these syllables (Assaneo and 
Poeppel 2018). In addition, studies on split-brain patients 
have demonstrated a strict leftward lateralization concern-
ing phonological processing, with split-brain patients’ right 
hemisphere lacking categorical perception of phonemes 
(Gazzaniga 2000; Sidtis et al. 1981). Such a leftward lat-
eralization was confirmed by studies using the Wada test 
procedure (Dym et al. 2011), and the leftward asymmetry 
of the audio–motor loop measured with functional imag-
ing actually supports the left hemisphere specialization for 
the phonological processing of speech (Vigneau et al. 2006, 
Zago et al. 2008).

Though mastered afterwards, human beings have devel-
oped other ways of using language through other sensory 
modalities, such as the visual system in the case of reading. 
Accurate perception and production of speech sounds are 
essential for learning the relationship between sounds and 
letters. Phonological awareness, i.e. the ability to detect and 
manipulate speech sounds, or phonemes, is the best predic-
tor of reading ability. Reading is based on both the abil-
ity to hear and segment words into phonemes and then to 
associate these phonemes with graphemes, with the map-
ping of orthographic to phonological representations dur-
ing reading being intrinsically cross-modal (McNorgan et al. 
2014). Research has revealed that a phonological process-
ing deficit underlies reading difficulties in dyslexic children, 
establishing a link between perception and reading abili-
ties (Gillon 2004). In the case of disorders of oral language 
development, specific language impairment (SLI) is the 
most frequently studied developmental disorder. Children 
with specific language impairment have been reported to 
present impairments in phonological processing, whether in 
phonological awareness or in phonological memory, which 
is evidence of a link between production and reading abili-
ties; the neural support of this link still needs to be clarified 
(Catts et al. 2005). Different studies examining the word 
processing cerebral networks common to the auditory and 
visual modalities have revealed the supramodal involvement 
of anterior regions [supplementary motor area (SMA) and 
prefrontal, premotor and inferior frontal gyri], whereas vari-
ations have been observed in the temporal lobe depending on 
the language task (Booth et al. 2002a, b; Buckner et al. 2000; 
Chee et al. 1999), making it difficult to conclude the exist-
ence of a common antero-posterior network for plurimodal 
word processing. Regarding semantic processing, it should 
be noted that one study addressing production and read-
ing in four languages revealed a common bilateral network 
involved in these two tasks (Rueckl et al. 2015). Moreover, 
since the complete development of speech in literate indi-
viduals leads to the mastering of the written language, we 
expected that the core word areas developing conjointly in 
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the three modalities would include some visual areas, which 
would be part of a large-scale plurimodal network underpin-
ning word processing. It is worth emphasizing that, even 
if less investigated, the first phase of speech acquisition in 
newborn babies is perceptual, as the infant hears others’ 
vocalizations, highlighting the importance of prosody in 
speech processing. Speech prosody, i.e. the musical aspects 
of speech, is an early-developing component of speech, 
which could be compared to a musical stave upon which 
phonemes would be placed (Locke and Pearson 1990). This 
perceptual phase is crucial considering the inability to learn 
spoken language or even normally babble when infants are 
born deaf (Oller and MacNeilage 1983) or in the case of 
wild children (Curtiss 1977). In other words, children have 
to listen to the prosody of their mother tongue to be able to 
reproduce it. Lesional studies have revealed that the tonal 
prosodic brain areas are located in the right hemisphere 
along the STS, which includes the posterior human voice 
area (pHVA), highlighting the potential role of these right 
hemispheric regions during development. The second phase 
of speech acquisition is production. In fact, children master 
the prosodic dimension before producing their first words 
(Bever et al. 1971). Production develops through the process 
of imitation, highlighting that prosodic processing is one 
element of the construction of a strong dependency between 
perception and production throughout development. This is 
illustrated, for example, by persisting difficulties in speech 
production encountered by infants who were tracheotomized 
at a time when they should have normally babbled (Locke 
and Pearson 1990). Interestingly, metre in speech, whose 
acoustic correlate is stress, has been revealed to be important 
for both speech perception (Jusczyk et al. 1993) and produc-
tion (Gerken et al. 1990). Once the metrical rules (which 
provide important cues for speech segmentation within the 
continuous speech stream) have been acquired, a speech 
metre contributes to phonological (Pitt and Samuel 1990), 
semantic (Schwartze et al. 2011) and syntactic (Roncaglia-
Denissen et al. 2013) processing. Musical rhythmic priming, 
using metres, has been revealed to enhance phonological 
production in hearing-impaired children due to an enhanced 
perception of sentences (Cason et al. 2015). Furthermore, 
in the context of speech rehabilitation therapies, musical 
rhythm has been revealed to be a fluency-enhancing tool 
(Thaut 2013). More generally, the prosodic dimension of 
speech has been used to restore the speech of Broca’s apha-
sic patients, and the term Melodic Intonation Therapy was 
coined to refer to this technique based on the use of melody 
and singing, which would be core musical elements pre-
dominantly engaging the right hemisphere (Thaut and McI-
ntosh 2014). The right STS specialization for tonal process-
ing was evidenced by a neuroimaging study as a rightward 
asymmetry of activation (Zatorre and Belin 2001). Other 
studies have highlighted the role of the right hemisphere, 

particularly the right STS, in the prosodic dimension of 
speech (Beaucousin et al. 2007; Belin et al. 2004; Sammler 
et al. 2015). Given the importance of prosody in language 
development, we hypothesized that in addition to left hemi-
sphere participation, right hemispheric regions hosting the 
tonal dimension of speech prosody may be involved in all 
three tasks, i.e. production, perception and reading tasks.

In summary, previous studies on phonological/word 
processing have, at best, dealt with two different language 
modalities (either production and listening or production and 
reading) focusing on discrete cortical areas a priori selected 
(articulatory motor areas and SMG). In the present work, 
we assessed the three main language modalities: listen-
ing, production and reading. Furthermore, considering the 
importance of lateralization reported above, we took into 
consideration the right and left hemisphere contribution to 
task completion at the word or syllable levels in the present 
work. Finally, we integrated the connectivity data provided 
by a resting-state acquisition to propose a comprehensive 
view of the plurimodal large-scale networks for phonologi-
cal/word processing and their potential roles.

To achieve the identification of plurimodal large-scale 
networks for word-list processing, a large population of 
144 right-handers who completed word-list processing in 
the three modalities, production, reading and listening, dur-
ing task-induced fMRI acquisition, was selected from the 
BIL&GIN database (Mazoyer et al. 2016). In this sample 
of healthy right-handers, we (1) identified left brain regions 
showing both leftward joint activation and leftward joint 
asymmetry and right brain regions showing both rightward 
joint activation and rightward joint asymmetry during the 
three word-list tasks; (2) identified the network organization 
at play within the areas previously identified based on the 
hierarchical clustering of the BOLD temporal correlation 
measured during a resting-state acquisition completed in 
the same individuals; and finally, (3) conducted a compre-
hensive investigation of how these areas were modulated 
according to the task and integrate the present results into 
the literature to elucidate the identified supramodal word-list 
network’s function/role.

Materials and methods

Participants

The present study included a sample of 144 right-hand-
ers balanced for sex (72 women) and picked from the 
BIL&GIN database, which is a multimodal imaging/
psychometric/genetic database specifically designed for 
studying the structural and functional neural correlates of 
brain lateralization (Mazoyer et al. 2016). The selected 
participants had French as a mother tongue and were 
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free from developmental disorders and neurological and 
psychiatric histories. A local ethics committee (CCPRB 
Basse-Normandie, France) approved the experimental 
protocol. The participants gave their informed, written 
consent and received an allowance for their participation. 
All subjects were free of brain abnormalities as assessed 
by an inspection of their structural T1-MRI scans by a 
trained radiologist.

The mean (± standard deviation) age of the sample was 
27 ± 6 years (range 19–53), and the mean level of edu-
cation (corresponding to the number of schooling years 
since the first grade of primary school) was 16 ± 2 years 
(range 11–20), corresponding to 4 years at the university 
level.

Handedness was self-reported by the subjects, and 
their manual lateralization strength was assessed using 
the Edinburgh inventory (Oldfield 1971) with values 
ranging from − 100 to + 100. The average MLS value of 
the subjects was 93.48 (SD = 11.49).

Functional imaging

Paradigm of the word-list tasks

Three runs were administered. The participants had to cov-
ertly generate (PROD), listen to (LISN) or covertly read 
(READ) lists of words (Word-List). These tasks were part 
of a run that alternated these word tasks with sentence tasks 
(see Labache et al. 2019 for the complete methodology).

The stimuli were lists of over-learnt words, such as 
months of the year, making it possible to decrease the 
weight of lexico-semantic and syntactic processing and 
enhancing phonetic encoding, phonology, articulation and 
word retrieval while inducing prosodic processing due to the 
specific metrics of serial automatic speech. For each task, 
the participants were shown a scrambled drawing for 1 s, 
immediately followed by a central fixation crosshair (see 
Fig. 1). While fixating the cross, the subjects performed 
either the listening or production Word-List tasks and had 
to click on the response pad with their right hand after the 

Fig. 1  Description of the 
paradigm for one event from 
each Word-List task. In the 
three conditions, an event was 
initiated by the presentation of 
a scrambled picture for one sec-
ond, followed by a central cross 
that participants were instructed 
to look at while they were 
producing the list of months 
of the year (a) or listening to 
a list of words (b). During the 
reading run, instead of a cross 
fixation, lists of words (either 
weeks, hours, seasons, days, 
months) were presented. The 
participants had to click when 
they had finished producing, 
listening to or reading, and they 
subsequently had to indicate by 
clicking when the central cross 
that reappeared was changed 
into a square. In this figure, for 
reading convenience, the stimuli 
were zoomed in on compared to 
the presentation of the stimuli 
during the scanning session
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task completion. During reading, the participants had to 
read lists of words that were flashed on the screen instead 
of fixating the cross, but still had to click on the response 
pad with their right hand after the task completion. Then, 
a low-level reference task followed each event (sentence or 
Word-List), consisting of sustaining visual fixation on the 
central cross and pressing the pad when the fixation cross 
was switched to a square (both stimuli covering a 0.8° × 0.8° 
visual area). This second part of the trial, which lasted at 
least half the total trial duration, aimed at refocusing the 
participant’s attention to a non-verbal stimulus and control-
ling for manual motor response activation, which was also 
present in the first part of the trial. This second part lasted 
from 8 to 14 s for the production task and from 6 to 10 s for 
the perception and reading tasks.

The design was almost identical for the three tasks. Dur-
ing PROD, the participants were asked to covertly generate 
the list of the months of the year from January to December 
during each of the ten Word-List trials, which lasted 18 s. 
During LISN, they were instructed to listen to 13 of 14-s 
trials of lists of the months, days of the week and/or sea-
sons. During READ, they were asked to read lists of days 
of the weeks, months, and/or seasons that were flashed on 
the screen, and this task consisted of 13 trials lasting 14 s. 
Response times were recorded during the fMRI experiment 
for each event of each run for each participant. The mean 
response time corresponded to the mean response time of 
each of the 144 participants during a given task. Note that 
the participants responded with their right hand.

Image acquisition and pre-processing

Structural imaging

Structural images were acquired using a 3T Philips Intera 
Achieva scanner and included high-resolution T1-weighted 
volumes [sequence parameters: repetition time (TR), 
20 ms; echo time (TE), 4.6 ms; flip angle, 10°; inversion 
time, 800 ms; turbo field echo factor, 65; sense factor, 2; 
field of view, 256 × 256 × 180 mm3; isotropic voxel size, 
1 × 1 × 1 mm3]. For each participant, the line between the 
anterior and posterior commissures was identified on a mid-
sagittal section, and the T1-MRI volume was acquired after 
orienting the brain in the bi-commissural coordinate system. 
T2*-weighted multi-slice images were also acquired [T2*-
weighted fast field echo (T2*-FFE); sequence parameters: 
TR = 3500 ms; TE = 35 ms; flip angle = 90°; sense factor = 2; 
70 axial slices; isotropic voxel size, 2 × 2 × 2 mm3].

Task-induced image acquisition and analysis

The functional volumes were acquired as T2*-weighted 
echo-planar images (EPI) (TR = 2  s; TE = 35  ms; flip 

angle = 80°; 31 axial slices; field of view, 240 × 240 mm2; 
isotropic voxel size, 3.75 × 3.75 × 3.75 mm3). In the three 
runs, 192, 194 and 194 T2*-weighted volumes were 
acquired for the Word-List production, listening and read-
ing tasks, respectively.

For each participant, the pre-processing of T2*-weighted 
echo-planar EPI images included (1) the T2*-FFE volume 
rigid registration to the T1-MRI; (2) the T1-MRI segmen-
tation into three brain tissue classes: grey matter, white 
matter and cerebrospinal fluid; and (3) the T1-MRI scans 
normalization to the BIL&GIN template, which included 
301 volunteers from the BIL&GIN database (aligned to the 
MNI space), using the SPM12 “normalize” procedure with 
otherwise default parameters. For each of the three fMRI 
runs, data were then corrected for slice timing differences 
and, to correct for subject motion during the runs, all the 
T2*-weighted volumes were realigned using a six-parameter 
rigid-body registration. The EPI-BOLD scans were then rig-
idly registered to the structural T2*-FFE image. The com-
bination of all registration matrices allowed for warping the 
EPI-BOLD functional scans to the standard space with a 
single trilinear interpolation.

The initial analysis included the application of a 6-mm 
full-width at half-maximum Gaussian filter to each func-
tional volume of each run. Global linear modelling [sta-
tistical parametric mapping (SPM), http://www.fil.ion.ucl.
ac.uk/spm/] was then used to process the task-related fMRI 
data. For each participant, BOLD variations corresponding 
to each Word-List task versus the cross-change detection 
task belonging to the same run were computed [Word-List 
production (PROD), Word-List reading (READ), and Word-
List listening (LISN)].

Homotopic regions of interest analysis

Since the brain presents a global torsion, the Yakovlevian 
torque, which prevents a perfect point-to-point correspond-
ence between cortical areas that are functionally homotopic 
(Toga and Thompson 2003), the use of flipped images to 
calculate asymmetries appears problematic since the flipped 
regions do not correspond to the equivalent of the other hem-
isphere. A new atlas, called AICHA, based on resting-state 
fMRI data and composed of homotopic functional regions of 
interest (hROIs), has been devised to circumvent this prob-
lem and is thus suited for investigating brain hemispheric 
specialization and lateralization, allowing the determination 
of the right and left hemispheric contribution in language 
and for computing functional asymmetries in regions having 
equivalent intrinsic connectivity (Joliot et al. 2015).

BOLD signal variations were thus calculated for the right 
and left hROI BOLD signal variations for each of 185 pairs 
of functionally defined hROIs of the AICHA atlas (Joliot 
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et al. 2015) adapted to SPM12 in the three contrast maps 
(defined at the voxel level) for PROD, LISN and READ.

Part 1: identi"cation and characterization 
of hROIs exhibiting both activation 
and asymmetry in all three tasks

To complete the identification of language areas underpin-
ning production, listening and reading tasks at the word 
level, we first searched for hROIs that were both significantly 
co-activated and significantly co-asymmetrical on average 
among the 144 participants during the PROD, LISN and 
READ tasks for each hemisphere. The idea behind the con-
junction of activations and asymmetries during the three 
tasks was to be selective enough to present brain areas spe-
cifically lateralized during the tasks. In a second step, we 
described the variation in activity and asymmetry in each 
hemisphere for the selected regions to obtain information 
on their functional nature from their modulation by the task 
component.

Statistical analyses

hROIs selection

Using JMP14 (http://www.jmp.com, JMP® 2018), a con-
junction analysis was conducted to select the left hemi-
spheric hROIs exhibiting BOLD signal variations that were 
both significantly positive and significantly larger than those 
of their right counterparts in all three tasks. An hROI was 
selected whenever it was significantly activated in each of 
the three task contrasts using a significance threshold set 
to p < 0.05 per contrast. The significance threshold for the 
conjunction of activation in the three tasks was thus 0.05 × 0. 
05 × 0.05 = 1.25 × 10−4. The second criterion for hROI selec-
tion was the existence of a significant leftward asymmetry in 
each of the three task contrasts, with the threshold of signifi-
cance of this second conjunction being 1.25 × 10−4. Finally, 
to be selected, a given hROI had to fulfil both criteria, and 
the overall significance threshold for the conjunction of the 
conjunction analyses was 1.56 × 10−8 = (1.25 × 10−4)2. This 
procedure was conducted separately for the left and right 
hemispheres.

Characterization of hROI activations and asymmetries 
across tasks

Taking the right and left hROIs separately, we tested the 
existence of significant effects of Task (PROD, LISN, 
READ) on the selected hROIs, as well as the effect of Side 
(left or right) and their interactions, using two repeated-
measures linear mixed-effects models. The analysis was 

conducted on the 144 individuals entering the variable Sub-
ject as a random effect.

Two-sided Tukey’s range tests on the mean activation 
or asymmetry values were then completed for the left (14 
hROIs) and right (7 hROIs) hROIs to identify the origins of 
the significant effects and interactions found with each linear 
mixed-effects model.

Results

Task performance during the scanning session

The mean response time taken for the covert generation 
of the months of the year was 5261 ± 1092  ms (range 
2836–7360). The mean response time taken for reading the 
months of the year, days and seasons was 4405 ± 603 ms 
(range 2703–5681). The mean response time taken for 
listening to the months of the year, days and seasons was 
486 ± 101 ms (range 282–794). As the mean response time 
was calculated after the delivery of the stimulus, i.e. after 
4386 ± 484 ms of Word-Lists auditory presentation, the 
response times in the three tasks were comparable.

Regions showing both joint activation and joint 
asymmetry during production, listening 
and reading of Word-Lists

The first observation was that 14 leftward hROIs showed 
both joint leftward activation and joint leftward asymmetry, 
while 7 rightward hROIs showed both joint rightward activa-
tion and joint rightward asymmetry, demonstrating the left 
hemisphere dominance of brain areas dedicated to Word-List 
processing (Fig. 2, Table 1).

Left hemisphere

The conjunction of significant leftward activation in the 
three contrasts (PROD ∩ LISN ∩ READ) revealed 50 left 
hROIs (Fig. 2, top row). The conjunction of a significant 
leftward asymmetry in the three contrasts revealed 26 
hROIs (Fig. 2, middle row), and 14 left hROIs showed 
both joint leftward activation and joint leftward asymme-
try (p < 1.56 × 10−8; Fig. 2 bottom row, Table 1). Most of 
these hROIs were located in the frontal cortex, including 
seven hROIs straddling the Rolandic sulcus (rol1, rol2, rol3, 
ROLop1) and precentral sulcus (prec2, prec5, prec6) and 
four located on the dorsal part of the internal surface of 
the frontal lobe (cing3, cing4, cing5, pCENT1). One hROI 
was located in the parietal lobe in the supramarginal gyrus 
(SMG1). Finally, one hROI was located in the occipital lobe 
in the cuneus (CU1). Only one subcortical area, the pallidum 
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Fig. 2  Regions of the AICHA atlas significantly activated in the three 
tasks (top row), significantly asymmetrical in the three tasks (middle 
row), and significantly conjointly activated and conjointly asymmetri-
cal in the three tasks (bottom row). The hROIs are projected on the 
white matter surface of the BIL&GIN template with Surf Ice (https 
://www.nitrc .org/proje cts/surfi ce/) software. Leftward asymmetrical 
hROIs, as well as conjointly leftward activated and conjointly asym-

metrical hROIs, are presented on the left hemisphere, and rightward 
asymmetrical hROIs are presented on the right hemisphere. The 
hROIs considered activated or asymmetrical per hemisphere by task 
were selected according to a p value < 0.05; the statistical threshold 
applied to the conjunction of asymmetry and activation for a given 
task was p < 0.0025 for each hemisphere, and the threshold set for the 
three-task conjunction was p < 6.25 × 10−6

Table 1  Number of hROIs identified at each selection step

a. Number of hROIs having significant left activation, leftward asymmetry or conjunction of activation and asymmetry for the three Word-List 
tasks. b. Number of hROIs having significant right activation, rightward asymmetry or conjunction of activation and asymmetry for the three 
Word-List tasks. For a given contrast or asymmetry and for a given hemisphere, the statistical threshold was set at 0.00027 (Bonferroni correc-
tion for 184 hROIs). For the conjunction between activation and asymmetry the statistical threshold was set at 0.016 (Bonferroni correction for 
the conjunction of two contrasts) and for the conjunction between three tasks, the statistical threshold was set at 0.05 (Bonferroni correction the 
conjunction of three tasks). The number of regions at a non-corrected threshold of 0.05 is given in brackets

Contrasts L activation L asymmetry L activation 
and asym-
metry

PROD 76 (94) 22 (41) 18 (26)
LISN 75 (86) 36 (62) 20 (37)
READ 89 (101) 39 (58) 31 (39)
Conjunction 3 contrasts 63 42 14
Contrasts R activation R asymmetry R activation 

and asym-
metry

PROD 85 (106) 54 (83) 39 (58)
LISN 66 (85) 26 (52) 17 (29)
READ 93 (110) 40 (68) 25 (44)
Conjunction 3 contrasts 52 21 7
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(PALL), was selected. Abbreviations of the hROIs names are 
available in Table 2. 

Right hemisphere

The conjunction of significant rightward activation in the 
three contrasts (PROD ∩ LISN ∩ READ) revealed 54 hROIs 
(Fig. 2, top row). The conjunction of significant rightward 
asymmetry revealed 19 hROIs (Fig. 2, middle row), and the 
conjunction of rightward activation and asymmetry revealed 
7 hROIs (Fig. 2 bottom row, Table 1): 3 in the internal sur-
face of the frontal lobe, located anteriorly to those of the 
left hemisphere (SMA1, SMA2, SMA3), 2 in the precuneus 
(PRECU8, PRECU9) and 1 in the temporal cortex (STS3) 
straddling the STS. Only one subcortical area, the amygdala 
(AMYG), was detected. Abbreviations of the hROIs names 
are available in Table 2.

Activation and asymmetry pro"les of the selected 
hROIs for the three tasks

Regions of the left hemisphere

There were significant main effects of Task (p < 0.0001), 
ROI (p < 0.0001) and Side (p < 0.0001), and all interac-
tions were significant: Task × Side (p = 0.002), Task × ROI 
(p < 0.0001), Side × ROI (p < 0.0001) and Side × Task × 
ROI (p = 0.0002).

Five left regions presented modulation in asymmetry 
across the different modalities of the Word-List processing 
(Fig. 3, Table 3). The motor and premotor areas situated in 
the inferior part of the central sulcus, including rol1, and 
prec5 (located immediately anterior to rol1) were signifi-
cantly more asymmetrical and activated during the tasks 
involving a motor component (PROD and READ) than 

during LISN (Fig. 3, Table 3). Two adjacent areas located 
in the mid-cingulate cortex, pCENT1 and cing5, presented 
a larger asymmetry during LISN than during READ and 
PROD, due to a higher right activation during PROD and/or 
READ than during LISN, while left activations were compa-
rable (Fig. 3, Table 3). Finally, the anterior and dorsal part 
of the cuneus (CU1) was significantly more asymmetrical 
and more bilaterally activated during READ than during the 
other two tasks (Fig. 3, Table 3). 

A second set of motor regions showed little modulation of 
their asymmetry by the task modality. A first set correspond-
ing to cing3 and cing4 showed no difference in asymmetry 
across tasks but higher activity during PROD and READ, 
which included a stronger motor component, than during 
LIST (Fig. 3, Table 3). A second region, ROLop1, situated 
in the Rolandic operculum area, presented no difference in 
asymmetry across tasks but showed more activity in PROD 
than the two other tasks (Fig. 3, Table 3). A third set, includ-
ing prec2 and prec6 located immediately anterior to rol3, 
was also characterized by small inter-task differences in 
activation (Fig. 3, Table 3).

Finally, most of the regions selected in the left hemi-
sphere exhibited higher bilateral activation during the tasks 
having a stronger motor component (PROD and READ) than 
during LISN (Fig. 3, Table 3). In addition, SMG1 bilateral 
activity was strongly increased by the auditory modality, 
with stronger activation during LISN than during the other 
two tasks.

Regions of the right hemisphere

In the right hemisphere, the main effects of Task 
(p < 0.0001), ROI (p < 0.0001), and Side (p < 0.0001) were 
significant, as were all interactions: Task × Side (p = 0.0031), 
Task × ROI (p < 0.0001), Side × ROI (p < 0.0001) and Side 
× Task × ROI (p < 0.0001).

Similar to the left regions, all the right hROIs showed 
bilateral activation except SMA2, which was deactivated on 
the left during PROD (Fig. 3, Table 4).

One region, STS3, located in the mid-third of the STS, 
presented a profile very different from all the others: STS3 
presented a significantly larger rightward asymmetry during 
LISN than during PROD and READ (Fig. 3, Table 4). STS3 
was also significantly more bilaterally activated during LISN 
than during the two other tasks (Fig. 3, Table 4).

Three hROIs on the internal surface of the frontal lobe, 
labelled SMA, located at the dorsal face and anterior part 
of the medial frontal gyrus, also showed a modulation of 
their asymmetry by the modality of the Word-List tasks. 
SMA1 was significantly more rightward asymmetrical dur-
ing PROD and READ than during LISN, whereas SMA2 

Fig. 3  Activity and asymmetry measured in the 21 hROIs selected 
at step 1. The 14 hROIs selected as leftward asymmetrical and acti-
vated are displayed on the left column, and the 7 hROIs selected as 
rightward and asymmetrical are displayed on the right column. The 
top rows are the asymmetry values in each task (red corresponds to 
PROD, green to LISN, and blue to READ). Note that the scale of 
the right hROIs has been inverted to facilitate the comparison with 
left regions, and significant differences (Bonferroni corrected for the 
number of hROIs) across tasks are indicated by spheres (the blue-red 
sphere corresponds to a significant difference between PROD and 
READ, the red-green sphere corresponds to a significant difference 
between PROD and LISN, and the blue-green sphere corresponds 
to a significant difference between LISN and READ. The middle 
row shows the left values of activity in the left hemisphere for the 
same set of regions, and the bottom row shows the activity in the 
right hemisphere. The abbreviations correspond to those provided in 
Table 1

◂
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and SMA3 were significantly more asymmetrical during 
PROD than during the two other tasks (Fig. 3, Table 4).

In contrast, PRECU8, PRECU9 and AMYG did not show 
any variation in asymmetry according to the task modality.

Apart from STS3, the profiles of activation were compa-
rable across tasks. However, there was less left activation 
in SMA1, SMA2 and SMA3 during PROD (with a deac-
tivation for SMA3) and less left activation in PRECU8 
during READ. On the right, activation was inferior dur-
ing  READi in PRECU8 and PRECU9 than during PROD 
and LISN, respectively, and in SMA1 during PROD than 
during READ.

Part 2: intra- and inter-hemispheric 
connectivity at rest

Methods

Participants

A subset of 138 participants [mean age: 27.3  years 
(SD = 6.4 years); 68 women] also completed a resting-
state fMRI (rs-fMRI) acquisition lasting 8 min. Note that 
this resting-state acquisition was performed on average 
9  months (SD = 9.6  months) before the language task 
acquisition in all but five cases for which the resting-state 
acquisition occurred approximately 1 year after the lan-
guage session (range 11.2–13.8 months).

Table 2  Names and 
abbreviations of the 21 hROIs 
selected as either conjointly 
leftward activated and 
asymmetrical or conjointly 
rightward activated and 
asymmetrical during the three 
Word-List tasks

The network label to which they were clustered and their coordinates in MNI space after SPM12 normali-
zation of the AICHA atlas are also provided

AICHA hROI name Abbreviation Network X (mm) Y (mm) Z (mm)

Frontal and insula
 G_Rolandic_Oper-1-L ROLop1 WORD_CORE − 46.3 3.6 9.4
 S_Precentral-2-L prec2 WORD_CORE − 25.2 − 8.5 58.9
 S_Precentral-5-L prec5 WORD_CORE − 56.1 4.8 30.6
 S_Precentral-6-L prec6 WORD_CORE − 29.8 − 11.2 64.7

Internal surface
 G_Cuneus-1-L CU1 WORD_CORE − 5.2 − 82.7 28.4
 G_Paracentral_Lobule-1-L pCENT1 WORD_CORE − 6.9 − 16.8 50.9
 G_Precuneus-8-R PRECU8 WORD_EXE 10.5 − 68.5 41.1
 G_Precuneus-9-R PRECU9 WORD_EXE 12.7 − 68.4 50.3
 G_Supp_Motor_Area-1-R SMA1 WORD_EXE 5.9 20.5 49
 G_Supp_Motor_Area-2-R SMA2 WORD_EXE 10.5 18.5 62.9
 G_Supp_Motor_Area-3-R SMA3 WORD_EXE 6.4 10.1 66.5
 S_Cingulate-3-L cing3 WORD_CORE − 7.4 4.5 48.5
 S_Cingulate-4-L cing4 WORD_CORE − 7.8 − 6.3 57.4
 S_Cingulate-5-L cing5 WORD_CORE − 8.5 − 16.4 41.6

Parietal
 G_Supramarginal-1-L SMG1 WORD_CORE − 54.5 − 29.5 21.4
 S_Rolando-1-L rol1 WORD_CORE − 54.3 − 8.4 32
 S_Rolando-2-L rol2 WORD_CORE − 43.6 − 13.7 50.6
 S_Rolando-3-L rol3 WORD_CORE − 38.8 − 23.1 61.4

Sub-cortical
 N_Amygdala-1-R AMYG WORD_EXE 21.1 1.7 − 12.3
 N_Pallidum-1-L PALL WORD_EXE − 18.6 − 8.2 − 0.5

Temporal
 S_Sup_Temporal-3-R STS3 WORD_CORE 53.1 − 31.9 − 0.3
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Resting-state image acquisition (rs-fMRI) and processing

Spontaneous brain activity was monitored for 8 min (240 
volumes) using the same imaging sequence (T2*-weighted 
echo-planar images) as that used during the language task. 
Immediately prior to rs-fMRI scanning, the participants 
were instructed to “keep their eyes closed, to relax, to refrain 
from moving, to stay awake and to let their thoughts come 
and go” (Mazoyer et al. 2016). After pre-processing iden-
tical to that used for task-induced fMRI acquisition, time 
series of white matter and cerebrospinal fluid (individual 
average time series of voxels that belonged to each tissue 
class) and temporal linear trends were removed from the 
rs-fMRI data series using regression analysis. Additionally, 
rs-fMRI data were temporally filtered using a least squares 
linear-phase finite impulse response filter design bandpass 
(0.01–0.1 Hz).

For each of the 138 participants who completed the rest-
ing-state acquisition and for each of the same 185 homotopic 
ROIs, an individual BOLD rs-fMRI time series was com-
puted by averaging the BOLD fMRI time series of all voxels 
located within the hROI volume.

From the BOLD fMRI time series of hROIs, we com-
puted the Pearson correlation coefficients for each hROI 
pair of the 21 selected hROIs in each participant. We then 
averaged the Fisher z-transformed correlations among 
pairs of hROIs across the 138 individuals, resulting in a 
matrix of intrinsic connectivity for the whole population.

Resting-state image analysis: characterizing networks 
within the 21 selected hROIs

Using the same methodology as Labache et al. (2019), 
we applied an agglomerative hierarchical cluster analysis 
method on the intrinsic connectivity matrix to identify the 

Table 3  Mean activation in 
each Word-List contrasts of the 
14 hROIs showing joint left 
activation and left asymmetry 
during the three tasks (abb 
corresponds to the abbreviation 
of the AICHA hROI name 
provided in Table 2)

 hROIs abb PROD LISN READ
Mean (SD) t p Mean (SD) t p Mean (SD) t p

Left activation
 CU1 0.24 (0.38) 7.45 < 0.0001 0.14 (0.35) 4.87 < 0.0001 0.55 (0.71) 9.32 < 0.0001
 pCENT1 0.14 (0.27) 6.36 < 0.0001 0.18 (0.24) 9.30 < 0.0001 0.13 (0.34) 4.65 < 0.0001
 ROLop1 0.51 (0.27) 22.93 < 0.0001 0.24 (0.26) 10.98 < 0.0001 0.28 (0.33) 10.28 < 0.0001
 SMG1 0.41 (0.39) 12.60 < 0.0001 0.94 (0.63) 17.95 < 0.0001 0.12 (0.49) 2.98 0.0034
 PALL 0.25 (0.19) 16.09 < 0.0001 0.11 (0.16) 8.23 < 0.0001 0.42 (0.27) 19.00 < 0.0001
 cing3 0.83 (0.39) 25.61 < 0.0001 0.47 (0.32) 17.81 < 0.0001 0.69 (0.49) 16.74 < 0.0001
 cing4 0.52 (0.34) 18.71 < 0.0001 0.27 (0.26) 12.40 < 0.0001 0.38 (0.43) 10.46 < 0.0001
 cing5 0.15 (0.26) 6.88 < 0.0001 0.15 (0.22) 8.32 < 0.0001 0.16 (0.31) 6.00 < 0.0001
 prec2 0.12 (0.23) 6.37 < 0.0001 0.08 (0.21) 4.48 < 0.0001 0.24 (0.39) 7.30 < 0.0001
 prec5 0.76 (0.49) 18.67 < 0.0001 0.40 (0.36) 13.46 < 0.0001 0.91 (0.54) 20.09 < 0.0001
 prec6 0.20 (0.36) 6.54 < 0.0001 0.19 (0.32) 7.26 < 0.0001 0.24 (0.49) 5.80 < 0.0001
 rol1 0.66 (0.51) 15.45 < 0.0001 0.26 (0.29) 11.01 < 0.0001 0.54 (0.50) 13.03 < 0.0001
 rol2 0.61 (0.43) 16.85 < 0.0001 0.40 (0.33) 14.78 < 0.0001 0.72 (0.52) 16.55 < 0.0001
 rol3 0.21 (0.31) 7.91 < 0.0001 0.17 (0.32) 6.53 < 0.0001 0.28 (0.43) 7.70 < 0.0001

Asymmetry (left–right)
 CU1 0.04 (0.19) 2.75 0.0068 0.05 (0.17) 3.70 0.0003 0.15 (0.34) 5.40 < 0.0001
 pCENT1 0.13 (0.12) 12.8 < 0.0001 0.20 (0.18) 13.88 < 0.0001 0.15 (0.18) 9.89 < 0.0001
 ROLop1 0.07 (0.23) 3.62 0.0004 0.10 (0.21) 5.57 < 0.0001 0.11 (0.27) 4.86 < 0.0001
 SMG1 0.26 (0.34) 9.23 < 0.0001 0.25 (0.69) 4.37 < 0.0001 0.35 (0.43) 9.69 < 0.0001
 PALL 0.03 (0.13) 2.98 0.0034 0.04 (0.12) 3.36 0.0010 0.03 (0.17) 2.02 0.0451
 cing3 0.07 (0.26) 3.36 0.0010 0.10 (0.20) 5.72 < 0.0001 0.11 (0.30) 4.32 < 0.0001
 cing4 0.09 (0.21) 5.28 < 0.0001 0.11 (0.16) 7.77 < 0.0001 0.13 (0.22) 6.97 < 0.0001
 cing5 0.05 (0.14) 4.34 < 0.0001 0.15 (0.16) 11.34 < 0.0001 0.10 (0.18) 6.70 < 0.0001
 prec2 0.08 (0.20) 5.14 < 0.0001 0.12 (0.20) 6.92 < 0.0001 0.12 (0.30) 4.54 < 0.0001
 prec5 0.37 (0.53) 8.26 < 0.0001 0.14 (0.42) 3.93 0.0001 0.48 (0.51) 11.42 < 0.0001
 prec6 0.15 (0.33) 5.45 < 0.0001 0.18 (0.35) 6.12 < 0.0001 0.16 (0.43) 4.37 < 0.0001
 rol1 0.27 (0.29) 11.29 < 0.0001 0.08 (0.24) 4.20 < 0.0001 0.25 (0.29) 10.49 < 0.0001
 rol2 0.43 (0.35) 14.69 < 0.0001 0.37 (0.36) 12.32 < 0.0001 0.44 (0.43) 12.25 < 0.0001
 rol3 0.21 (0.29) 8.42 < 0.0001 0.18 (5.88) 0.37 < 0.0001 0.20 (0.40) 5.88 < 0.0001
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different networks supporting the organization across the 
21 hROIs. We tested the reliability of the identified net-
works using a multiscale bootstrap resampling method, 
which provides us with an approximately unbiased (AU) 
p value representing the stability of the networks based on 
the average matrix of intrinsic connectivity.

Finally, we calculated the average functional intrinsic cor-
relations between the identified networks. The significance 
of these correlations compared to 0 was assessed using a 
non-parametric sign test at a significance level of 0.05 (Bon-
ferroni correction for the number of network pairs).

Results

Identi"cation of networks based 
on the resting-state connectivity of the 21 hROIs 
showing both joint leftward activation and joint 
leftward asymmetry or both joint rightward 
activation and joint rightward asymmetry 
during the three Word-List tasks

A hierarchical clustering analysis revealed two networks 
from the selected set of 21 hROIs (Fig. 4); one labelled 
WORD-LIST_CORE was composed of 13 left hROIs and 1 
right hROI, and the other we labelled WORD-LIST_CON-
TROL was composed of 1 left area and 6 right hROIs.

The WORD-LIST_CORE network

The WORD-LIST_CORE network (Fig.  4, green) was 
composed of 13 hROIs hosting motor and premotor areas 
of the left hemisphere gathered along the Rolandic sul-
cus (rol1, rol2, rol3), the precentral sulcus (prec2, prec5, 
prec6), the Rolandic operculum (ROLop1), motor and 
premotor areas of the medial surface (pCENT1, cing3, 
cing4, cing5), the cuneus of the occipital lobe (CU1) and 
SMG1 of the parietal lobe. It is important to emphasize 
that the WORD-LIST_CORE network is also an inter-
hemispheric network since it comprises the right STS3 
in addition to the 13 left hROIs. We named this network 
WORD-LIST_CORE because it included essential pho-
nological processing regions, as further described below. 
WORD-LIST_CORE was the largest network in terms 
of volume (53136 mm3), as it was 4.05 times larger than 
WORD-LIST_CONTROL (13104 mm3).

ROLop1 appeared to be a very important hROI for com-
munication within this network since it was among the top 
5% of the strongest correlations among non-contiguous 
hROIs (ROLop1–SMG1: r = 0.62, ROLop1–cing3: r = 0.59, 
ROLop1–cing4: r = 0.52). It is interesting to note that the 
SMG1–cing4 correlation (r = 0.53) was also among the 5% 
highest correlations underlying a very strong antero-pos-
terior tripartite connection between ROLop1, SMG1 and 
cing4.

Table 4  Mean activation and asymmetry in each Word-List contrasts of the seven hROIs showing right activation and right asymmetry during 
the three tasks (abb corresponds to the abbreviation of the AICHA hROI name provided in Table 2)

hROIs abb PROD LISN READ
Mean (SD) t p Mean (SD) t p Mean (SD) t p

Left activation
 PRECU8 0.36 (0.46) 9.48 < 0.0001 0.32 (0.39) 9.85 < 0.0001 0.23 (0.44) 6.18 < 0.0001
 PRECU9 0.42 (0.39) 13.04 < 0.0001 0.31 (0.4) 9.34 < 0.0001 0.48 (0.55) 10.42 < 0.0001
 SMA1 0.46 (0.45) 12.24 < 0.0001 0.52 (0.37) 16.83 < 0.0001 0.63 (0.49) 15.36 < 0.0001
 SMA2 0.20 (0.38) 6.34 < 0.0001 0.24 (0.35) 8.35 < 0.0001 0.20 (0.42) 5.70 < 0.0001
 SMA3 0.80 (0.58) 16.43 < 0.0001 0.66 (0.46) 17.26 < 0.0001 0.72 (0.61) 14.04 < 0.0001
 AMYG 0.17 (0.37) 5.48 < 0.0001 0.08 (0.34) 2.97 0.0035 0.14 (0.51) 3.34 0.0011
 STS3 0.49 (0.35) 15.05 < 0.0001 1.85 (0.82) 27.06 < 0.0001 0.45 (0.37) 14.70 < 0.0001

Asymmetry (left–right)
 PRECU8 − 0.11 (0.28) − 4.77 < 0.0001 − 0.07 (0.28) − 3.18 0.0018 − 0.12 (0.37) − 3.82 0.0002
 PRECU9 − 0.12 (0.32) − 4.55 < 0.0001 − 0.06 (0.30) − 2.30 0.0226 − 0.12 (0.49) − 2.85 0.0051
 SMA1 − 0.32 (0.28) − 13.85 < 0.0001 − 0.16 (0.23) − 8.56 < 0.0001 − 0.27 (0.31) − 10.51 < 0.0001
 SMA2 − 0.28 (0.30) − 11.28 < 0.0001 − 0.15 (0.28) − 6.43 < 0.0001 − 0.14 (0.35) − 4.86 < 0.0001
 SMA3 − 0.29 (0.45) − 7.64 < 0.0001 − 0.18 (0.33) − 6.48 < 0.0001 − 0.11 (0.48) − 2.65 0.0089
 AMYG − 0.10 (0.22) − 5.74 < 0.0001 − 0.06 (0.17) − 4.22 < 0.0001 − 0.09 (0.26) − 4.13 < 0.0001
 STS3 − 0.33 (0.28) − 13.85 < 0.0001 − 0.79 (0.64) − 14.73 < 0.0001 − 0.16 (0.36) − 5.22 < 0.0001
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The WORD-LIST_CONTROL network

The second network consisted of seven hROIs: six right 
hROIs including the three superior motor areas of the inter-
nal frontal lobe surface (SMA1, SMA2 and SMA3, which is 
SMA proper), the posterior part of the precuneus (PRECU8 
and PRECU9) and the AMYG. In addition to these right 
areas, the left PALL was also part of the network. We 
labelled this network WORD-LIST_CONTROL because it 
included regions involved in the monitoring aspect of the 
tasks that were common to the three tasks, that is to say, 
maintaining the instructions, detecting the end of each word-
list task and clicking on the response pad.

Note that the AU p values provided by the multiscale 
bootstrap resampling method showed that both networks 
were 81% reliable.

Temporal correlation across networks 
and signi"cance

The chord diagram shown in Fig. 4 describes the average 
correlations between each pair of hROIs in the two networks. 
A non-significant negative mean intrinsic correlation was 
found between WORD-LIST_CORE and WORD-LIST_
CONTROL (R = − 0.04; 55.07% of the participants showed 
a negative correlation, p = 0.13).

Summary of the results of the whole study

The analysis of the connectivity at rest across the 21 hROIs 
common to the production, listening and reading of over-
learnt lists of words made it possible to identify a set of 
two networks. A large WORD-LIST_CORE network made 
of plurimodal areas was revealed and included in the left 
hemisphere, premotor and motor regions that were more 
activated during PROD and READ than during LISN, an 
auditory area situated in the anterior part of the left SMG 
that was more activated during LISN than during PROD 
and READ, and a visual region, CU1 that was more acti-
vated and more asymmetrical during READ than during 
the two other tasks. Importantly, the strongest correlations 
at rest between these 21 hROIs were observed across the 
anterior and posterior areas (action–perception), namely, 
Rolop1 and cing4 with SMG1. In the right hemisphere, the 
WORD-LIST_CORE network included STS3, located in the 
mid-third of the sulcus, which was significantly more acti-
vated and asymmetrical during LISN than during PROD and 
READ. Note that a second network (WORD-LIST_CON-
TROL), composed of the right SMA1 and SMA2 (located at 
the preSMA), SMA3 (SMA proper) and precuneus, as well 
as the left PALL, was identified and was not correlated with 
the WORD-LIST_CORE network. The areas comprising this 
WORD-LIST_CONTROL network are mainly involved in 
extra linguistic, executive processes and attentional systems 
recruited to manage task completion.

Fig. 4  Intra- and inter-hemispheric correlations at rest across the 
21 hROIs selected as either conjointly leftward activated and asym-
metrical or conjointly rightward activated and asymmetrical during 
the three language tasks. The left motor areas and the right STS are 
strongly and positively correlated, and they constitute the WORD-

LIST_CORE network (green) that is not significantly anticorrelated 
with the WORD-LIST_CONTROL network, composed of the right 
precuneus and SMA regions and the left pallidum (pink). The chord 
diagram was produced by R with the “circlize” package (Gu et  al. 
2014)
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Discussion

Here, we demonstrate a large-scale network of areas com-
monly shared by the production, listening and reading of 
lists of words. This network includes not only articulatory 
and auditory areas, but also a region of the visual cortex, 
the cuneus. Though more recruited during the reading task, 
this region, considered to be a component of accurate pho-
nological awareness (Bolger et al. 2008), is also involved in 
word-list articulation and listening. During human develop-
ment, speech perception and speech production, engaging 
auditory and motor (articulation) modalities, are initially 
linked together. The subsequent acquisition of reading skills, 
engaging the visual modality, is built upon these two compo-
nents. The present results show a brain organization in adults 
that is a reflection of the whole developmental and learning 
processes of language, where action and perception circuits 
are interdependent and organized in networks, among which 
a trace of the learning modality is still present in the brain.

We will first discuss the WORD-LIST_CORE network 
from the left motor and premotor areas involved in action, 
up to the involvement of the audio–motor loop extending to 
the phonological loop and the right STS.

WORD-LIST_CORE network underpinning 
supramodal WORD-LIST processing

Left motor and premotor areas: from the speech 
e#ector areas to the hand area

On the action side, the results revealed seven areas strad-
dling the Rolandic sulcus and precentral gyrus and four oth-
ers located at the internal surface of the frontal lobe, all of 
which were modulated by the mere nature of the task and 
dependent on the modality.

The regions with the strongest motor involvement were 
located along the Rolandic sulcus and included primary 
motor areas that showed very large activations during PROD 
and READ. This is in accordance with Penfield’s cortical 
stimulation studies, which provided the first functional sup-
port for the existence of somatotopy in the lower part of 
the Rolandic sulcus corresponding to motor control of the 
orofacial region (Penfield and Roberts, 1959). In fact, rol1 
and adjacent rol2 match not only the area involved in speech 
production as described by Wilson (Wilson et al. 2004), but 
also the areas involved in mouth, larynx, tongue, jaw and 
lip movements, as reported in several studies (Brown et al. 
2009, 2008; Fox et al. 2001; Grabski et al. 2012; Wilson 
et al. 2004) (Fig. 5). More precisely, along the dorsal-to-
ventral orientation of rol1, the somatotopic representation 
of speech listening and mouth, lips, jaw, tongue and larynx 

movements clearly resembles the somatotopic organization 
of speech effectors proposed by Conant and collaborators 
(Conant et al. 2014). Moreover, the strongest asymmetry 
in this area during PROD and READ is consistent with 
the fact that these two tasks involved covert articulation or 
subvocalization. The premotor area prec5, tightly linked to 
rol1 along with cing3, was characterized by a very strong 
BOLD increase during READ compared to both PROD and 
LISN, suggesting an involvement of motor programming 
and articulatory coding (Dietz et al. 2005; Price 2012). Fur-
thermore, damage to a similar region in the premotor cortex 
in a sample of 106 patients with diverse profiles of aphasia 
was shown to be strongly correlated with phonological nam-
ing errors (Schwartz et al. 2012). On the internal surface, 
cing3 and cing4, partly overlapping the SMA tongue area, 
and the anterior part of the mid-cingulate cortex situated 
at the tongue cingulate motor area according to Amiez 
et al. (2014), also presented a strong motor component, as 
revealed by their increased activation in PROD and READ 
compared to LISN. In addition, the left PALL was more acti-
vated during READ than during the two other tasks, which 
is in accordance with results from a meta-analysis revealing 
that, compared to children, adult readers recruit a larger net-
work, including the left PALL (Paulesu et al. 2014). Impor-
tantly, the same region has been shown to be involved in the 
audio–motor adjustments during auditory feedback control 
of speech, confirming its involvement in plurimodal modula-
tion (Tourville et al. 2008).

On the most ventral part of the Rolandic sulcus, ROLop1 
presented a greater involvement in PROD than in the other 
tasks. This region has been reported to be activated by overt 
and covert articulation (Heim et al. 2002; Herbster et al. 
1997; Price et al. 1996) and to be involved in phonological 

Fig. 5  Locations of the activation peaks from five studies on the left 
hemisphere coronal, sagittal and axial slices from the BIL&GIN dis-
play template; the hROI numbers correspond to the x, y and z-axes in 
the MNI space. In green, the representation of rol1. Larynx areas are 
in blue (Brown et al. 2009) and orange (Brown et al. 2008). In red, 
the mouth area (Fox et al. 2001). In purple, the lips, tongue, jaw and 
vowels areas (Grabski et al. 2012). In brown-grey, the activation peak 
of the motor areas for speech production (4p and 4a/6), and in green, 
the activation peak of the superior part of the ventral premotor cortex 
during listening to speech (Wilson et al. 2004)
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rehearsal (Veroude et al. 2010) and in silent recitation of 
the months of the year (Wildgruber et al. 1996); moreover, 
lesions in this region have been associated with articula-
tory disorders (Tonkonogy and Goodglass 1981), which is 
in accordance with the motor component revealed in the 
present study. The lower activation of ROLop1 compared 
to rol1 and prec5 was because this region is a secondary 
motor area. It could also be suggested that ROLop1 acti-
vation could implement a simulation of phoneme produc-
tion according to the model by Wilson and Iacoboni (2006), 
which stipulated that the prediction of the acoustic conse-
quences of phoneme production can be compared in the 
superior temporal cortex with the acoustic analysis of the 
speech sounds heard. In the present study, we cannot dis-
entangle an actual motor component related to subvocali-
zation from a simulation, both being potentially engaged 
depending on the task: simulation during the listening task 
and vocalization during the production task as well as a very 
likely vocalization aspect during the reading task. Moreover, 
within the WORD-LIST_CORE network, intrinsic connec-
tivity at rest revealed that ROLop1 was an essential hROI 
for communication within this network, as it was particularly 
correlated not only with the mid-cingulate cortex tongue 
areas cing3 and cing4, but also with SMG1.

On the dorsal part, a last set of areas, the prec2 and prec3 
premotor areas situated along the precentral sulcus and 
tightly linked to rol3, which is at the location of the hand-
motor area (Mellet et al. 2016), presented joint activation 
during the three tasks and did not show strong differences 
across tasks. On the internal surface, pCENT1 and cing5, 
located in the mid-cingulate cortex, have also been shown 
to be involved in hand representation (Amiez and Petrides 
2014). Given their functional location, one explanation 
concerning the language ontogenesis observations could 
stipulate that the motor control of the vocal tract (speech 
articulators) and the motor control of the hand develop in 
cooperation, arguing for a hand–mouth gestural basis for 
language (Iverson 2010). An alternative explanation would 
be in relation to the motor response provided by the subjects 
at the end of each Word-List task; however, as the central 
cross-change detection is likely to cancel out most of these 
non-specific hand-motor activations and as there is a lack 
of somatosensory activation, it does not seem to support the 
latter hypothesis.

Involvement of the audio–motor loop and extension 
to the phonological loop during READ

The results of the intrinsic connectivity showed a strong 
correlation between SMG1 and cing4: this underlies a 
very strong antero-posterior tripartite connection between 
ROLop1, SMG1 and cing4. Therefore, there does exist a 
group of hROIs common to the three Word-List tasks, with 

a leftward involvement of brain areas specifically involved 
in word processing. These areas, found to be strongly and 
positively synchronized at rest, constitute a network includ-
ing the more anterior left SMG hROI, namely, SMG1, as 
well as the frontal and cingulate motor and premotor areas 
mentioned above. These frontal and temporal regions, con-
nected through the arcuate fasciculus tract (Catani et al. 
2005), appear to consist of hROIs involved in the plurimodal 
representation of speech sound processing, the so-called 
audio–motor loop (Vigneau et al. 2006). The left areas of 
the audio–motor network, conjointly recruited during the 
three Word-List tasks, correspond at large to the neural 
bases of a perception–action cycle for speech sounds. Such 
a model, based on the link between speech perception and 
speech production, posits that articulatory gestures are the 
central motor units on which both speech perception and 
production develop and act according to the motor theory of 
speech (Liberman and Whalen 2000). More recently, neu-
robiological theories of speech perception have proposed 
a more dynamic and integrative model in which language 
processing relies on action–perception circuits distributed 
across the auditory and motor systems (Pulvermüller and 
Fadiga 2010, 2016). Within the WORD-LIST_CORE net-
work, areas hosting mostly motor and premotor areas were 
also activated during LISN, although at a lower intensity 
and with a lower asymmetry. If we regard the recruitment 
of the SMG1 in the production task, all this taken together 
favours the theory supporting an involvement of action–per-
ception circuits regardless of the Word-List task (Pulver-
müller and Fadiga 2010, 2016). It is interesting to observe 
that READ also appears to recruit this action–perception 
circuit, revealing a significant activation in rol1 compared 
to LISN. Interestingly, this circuit, posited to subserve the 
mapping between sensory and motor phonological codes, 
is also engaged in reading (Danelli et al. 2015; Malins 
et al. 2016). The action–perception circuit recruited in the 
present study for READ also reflects the fact that the par-
ticipants were instructed to engage their attention in the 
reading of each word and covertly articulate the lists of 
words at a slow speech rate. The fact that ROLop1 activa-
tion in the present study was similar for READ and LISN 
favours the recruitment of the action–perception circuit, and 
may be an indication that while reading these over-learnt 
words, the subjects tended to subvocalize them, which is 
supported by the gradient of significant activation in rol1 
(production > reading > listening).

Within the large perception–action model of Fuster 
(2001, 2014), the literature has identified a set of areas that 
are considered the neural support of the phonological work-
ing memory loop postulated by Baddeley et al. (1998). In 
fact, experience with the Word-List automatically engages 
working memory processes and that component is common 
to the three word tasks. On the perception side, one cluster 



3090 Brain Structure and Function (2019) 224:3075–3094

1 3

(SMG1) was more activated and asymmetrical in LISN than 
in READ and PROD. Interestingly, the SMG1 is situated 
on the posterior part of the planum temporale, correspond-
ing in the literature to the Sylvian–parietal–temporal area 
or Spt (Buchsbaum et al. 2011; Yue et al. 2018), and has 
been described as a sensory–motor integration area for the 
vocal tract. Area Spt would be part of the phonological loop 
described by Baddeley et al. (1998), in which the content 
of the phonological store can be kept active via articulatory 
rehearsal (Buchsbaum et al. 2011). More precisely, the Spt 
area has been assumed to have a storage function (Martin 
2005; Smith and Jonides 1998) and to play an important role 
in the short-term storage of phonological representations by 
serving as a phonological buffer (Yue et al. 2018). The activ-
ity of area Spt is thought to be correlated with some frontal 
speech production areas even if their precise locations differ 
across studies: the pars opercularis according to Buchsbaum 
et al. (2001) and Poldrack et al. (Poldrack et al. 1999) and 
the dorsal part of the pars triangularis of the inferior frontal 
gyrus (F3t) according to the meta-analysis by Vigneau et al. 
(2006). It is noteworthy that F3t was bilaterally activated 
during the three tasks in the present study (Fig. 2, top row); 
this bilateral involvement impeded conjoint activation and 
asymmetry. Together with the F3t activation, on the action 
side, prec5 was found to show both joint leftward activation 
and joint leftward asymmetry during the three Word-List 
tasks, with a gradient of activation ranging from more acti-
vation for READ and PROD and less activation for LISN. 
This premotor area, prec5, has been proposed to make up 
a subvocal rehearsal system (Chein and Fiez 2001) and/or 
to support executive processes allowing the maintenance 
of content in verbal working memory (Smith and Jonides 
1998), which is in accordance with the highest levels of acti-
vation during READ and PROD in our study. Furthermore, 
a single rTMS intervention targeting either the left SMG or 
the left posterior part of the inferior frontal gyrus, which 
are considered phonological nodes, was sufficient to disrupt 
phonological decisions, providing further support for the 
view that both regions contribute to efficient phonological 
decisions, particularly subvocal articulation (Hartwigsen 
et al. 2016).

Activation of the right STS3 involved in prosodic 
integration during PROD and READ and strong 
connection of the right STS3 with motor areas 
within the WORD-LIST_CORE network

The rightward conjoint activation of STS3 as well as its 
rightward asymmetry, though more activated in LISN but 
less activated in READ, could be accounted for by a right-
ward preference for non-linguistic information such as tonal 
prosody (Belin et al. 2002). More particularly, the right 
STS3, which is located in the mid-part of the STS, closely 

matched the activation peak showing rightward asymmetry 
described by Beaucousin and others (2007). This area over-
laps the posterior human voice area (pHVA, Pernet et al. 
2015) and corresponds to the posterior voice area described 
by Bodin et al. (2018). The pHVA is located on a sulcal pit 
corresponding to the place of the larger sulcal depth. In addi-
tion, the rightward asymmetry of this sulcal depth is specific 
to humans and exists regardless of the age of the subjects 
(infants, children or adults) (Leroy et al. 2015). The present 
study brings new understanding on the precise role of this 
region, which is not fully understood as yet. We propose that 
the metrics of the lists of words, resembling a reciting, are 
processed in this area, which is supported by its greater acti-
vation during LISN. This is in accordance with the auditory 
material presented to the participants, that is, the list being 
spoken along with the specific prosody of a list. Moreover, 
this region was more activated during a prosodic task than 
during a phonetic task (Sammler et al. 2015). During speech, 
words present non-verbal prosodic information that is inter-
twined with verbal information (Kotz and Paulmann 2007; 
Pell and Kotz 2011). Furthermore, prosodic and verbal cues 
in speech differ in their spectro-temporal properties: pro-
sodic cues consist of slow spectral changes (over more than 
200 ms) and phonemic cues consist of fast spectral changes 
(less than 50 ms). The right hemisphere has been suggested 
to be more sensitive to fine spectral details over relatively 
long time scales, and the left hemisphere is more sensitive 
to brief spectral changes (Boemio et al. 2005; Poeppel et al. 
2008; Zatorre and Belin 2001).

The link between the STS3 (corresponding to pHVA), 
which is a prosodic integrative area, with the left SMG and 
rol1 instantiated in the resting-state connectivity approach 
reflects the intertwining between prosodic and phonemic 
information. The present results are supported by a recent 
fMRI/ERP study that revealed that activity in the left SMG 
together with the central sulcus area occurred earlier than in 
the left superior temporal cortex during phonological pro-
cessing of ambiguous speech syllables, whereas attention to 
the spectral (prosodic) properties of the same stimuli led to 
activity in the right STS (Liebenthal et al. 2016). The present 
study demonstrated that the pHVA was part of not only the 
WORD-LIST_CORE network, but also showed both right-
ward joint activation and rightward joint asymmetry during 
the three Word-List tasks. These results suggest that pHVA 
is involved in the tonal processing of word lists that underlie 
speech segmentation processing for each task (PROD, LISN 
and READ). Moreover, the rhythmicity of the word lists pro-
cessed by the right pHVA seems to be the basis of the articu-
latory process, which involves the left audio–motor loop, 
and is consistent with the recent neuroscientific literature 
supporting the use of musical training. Rhythmic stimula-
tion related to the rhythm and intonation patterns of speech 
(prosody) has been shown to improve auditory processing, 
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prosodic and phonemic sensitivity in dyslexic children who 
perform poorly on tasks of rhythmic perception and percep-
tion of musical metres (Flaugnacco et al. 2015).

Inclusion of the right visuospatial and attentional 
cortical areas supporting the executive aspects 
of the tasks in the bilateral WORD-LIST_CONTROL 
network

The brain areas constituting the second network were more 
related to the attentional processes conjointly shared by the 
three tasks, which is in accordance with the anticorrelation 
of the WORD-LIST_CONTROL network with the WORD-
LIST_CORE network (although not significant). Among 
these areas, SMA1, SMA2 and SMA3 overlap the location 
of the supplementary frontal eye fields and partially cor-
respond to the dorsal frontal attentional network (Corbetta 
and Shulman 2011). The fact that these areas were more 
activated on the right and showed more rightward asym-
metry during PROD, which was the most effortful task, is in 
line with a role for attentional control. The rightward asym-
metry and activation of the precuneus regions, without any 
between-task difference, suggested that it could be related 
to mental imagery triggered by the scrambled version of the 
picture or to episodic memory encoding in reference to the 
list of the days and months (Cavanna and Trimble 2006).

General conclusion and perspectives

The present study, based on the fMRI analysis of three 
Word-List tasks performed by 144 healthy adult right-
handers combined with the analysis of intrinsic resting-state 
connectivity in 138 of the same participants, makes it pos-
sible to propose, for the first time, a model of the neural 
organization of Word-List processing during production, lis-
tening and reading tasks. This model posits that (1) action 
and perception circuits are interdependent and organized in 
networks, among which a trace of the learning modality is 
still present in the brain; (2) the involvement of phonological 
action–perception circuits, such as the phonological working 
memory loop, in which articulatory gestures are the central 
motor units on which word perception, production and read-
ing develop and act according to the motor theory of speech 
(Liberman and Whalen 2000), as revealed by the recruitment 
of leftward frontal and precentral areas together with tem-
poro-parietal areas, and (3) the involvement of the left SMG 
with the right STS3 (pHVA), which is a prosodic integrative 
area, could reflect the intertwining between prosodic and 
phonemic information. The set of regions that constitutes 
the Word-list Multimodal Cortical Atlas (WMCA) is avail-
able for download at http://www.gin.cnrs.fr/fr/outil s/wmca/.
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1 Introduction

The analysis of the partitions stability of a dendrogram is a crucial issue in
order to check the replicability of the selected partitions.

For classical two-dimensional data, it is possible to obtain a measure of
the stability of the clusters (obtained from a given partition) using the ap-
proximately unbiased p-value (AU-value) obtained with a multiscale boot-
strap resampling method (MBR: [1]) available via the pvclust function of
the R library of the same name [2]. The AU-value then indicates the unbi-
ased frequency of occurrence of a cluster across the reference population of
the dendrogram.

There is currently no counterpart to this method for three-dimensional
data. This paper thus develops a similar method to pvclust that is adapted
to any kind of three-dimensional data and, in particular, for resting-state func-
tional Magnetic Resonance Imaging (rs-fMRI) data.

fMRI allows to obtain regional brain electrical activity ([3], [4]) by mon-
itoring relative fluctuations in the Blood Oxygen Level Dependent (BOLD)
signal.

The study of human brains’ resting state functional organization consists
in analyzing the synchronicity between the BOLD signals of different brain
areas or networks. Commonly, the synchronicity study is performed using the
calculation of Pearson correlation coefficients between the BOLD signals of
all network pairs, resulting in correlation matrices of dimension K ×K for K
brain networks. There are databases of several hundred individuals containing
3D structures (of dimension K×K) that gather all of the correlation matrices
Ms, s = 1, ..., S of the S individuals in the database.

For a some databases, in this case, the BIL&GIN database, [5]), the first
work consisted of a agglomerative hierarchical clustering of K brain networks.
The second step was to find an optimal number of clusters reflecting the best
resting state cerebral organisation [6]. The methodology consisted of averaging
all the Fisher transformations of the matrices M in the following way:

Mm = tanh

(∑S
s=1 arctanh(Ms)

S

)
(1)

This matrix is then transformed into a dissimilarity matrix Dm : Dm =
(1−Mm)/2.. Then m the aggregation of the K brain networks is accomplished
via agglomerative hierarchical clustering(according to Ward’ method)based on
Dm.

Taking into account the inter-individual variability, [6] adapted a procedure
called pvclust [7] which allows researchers to assess the uncertainty associated
with the different partitions of the hierarchical clustering through a p-value
obtained by bootstrapping. The previous methodology provides a Bootstrap
Probability p-value (called BP-value) and after correction, an Approximately
Unbiased p-value (denoted AU-value). The AU-values are calculated using the
bootstrap values recommended in [2] by using anywhere from 50% to 140%
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of the sample. These p-values indicate how well the different partitions are
supported by the data.

To illustrate this methodology, let us consider a population of 439 subjects.
The optimal number of clusters was determined using the R library NbClust

[8]. This package provides 30 statistical indices for determining the optimal
number of clusters and offers the best clustering scheme from the different
results obtained by varying all combinations of the number of clusters for
the chosen method, in this case, hierarchical clustering with Ward’s criterion.
We selected the number of clusters that satisfied a maximum of indices and
found it to be equal to 3. For the corresponding three optimal clusters the
associated BP and AU-values are equal to 100% (Fig. 1). [2] recommends
using AU-values, these 3 retained clusters were perfectly represented by our
data. However, the AU-values represent the stability of the Mm based clusters
and not on the empirical frequency of appearance through these clusters across
the S subjects, called individual frequencies below. Fig. 1 illustrates this event.
We can see the evolution of the BP-values as a function of the proportion of
subjects used in the bootstrap sampling, as well as the actual value of the
individual frequencies of cluster occurrence. For example, for the considered
partition of 3 clusters, the corresponding three BP-values are 100%, whereas
the individual frequencies of appearance are respectively 5% , 4% and 12% for
these 3 clusters. The individual frequencies of occurrence correspond to the
number of times a cluster appears among the individual dendrograms of the
population. In the study of intrinsic brain organization, these proportions are
unreliable and, in a general framework, this shows that the pvclust algorithm
cannot be used for three-dimensional data; the BP-values do not reflect the
individual frequencies.

In this paper, two methodologies are proposed to better understand the
inter-individual variability of partitions from Mm :

– the first one allows the identification of networks that can lead to unstable
partitions from Mm;

– the second one allows the identification of homogeneous subpopulations of
subjects across the population by maximizing the individual frequency of
appearance of clusters from the partitions built on their associated Mm

matrices.

In the first part of this paper, we will present how to calculate the empirical
frequency Qk through a network Rk based on the comparison of its position in
the average dendrogram with respect to the individual dendrograms. We will
present how to use it to identify an unstable network at the population level.
Finally, from the individual frequency of a cluster, we show how to extract,
from the initial population, subpopulations that are, on average, more stable.

2 Presentation of the proposed approaches

Consider Ms, s = 1, ..., S, the S individual correlation matrices of dimension
K ×K.
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Fig. 1 Agglomerative hierarchical clustering from Mm (top). Evolution of BP-value as a
function of the proportion of individuals sampled in the bootstrap (below). The individual
frequency of the clusters are in blue. The BP-values are in green. The AU-values are in red.

Starting from the hierarchical ascendant clustering based on the mean ma-
trix Mm defined in the introduction, K nested partitionsP j

m, j = 1, . . . ,K can
be obtained and summarized by vectors of size K defined as follows: for the
partition (also called pattern afterwards) into j clusters, the kth component
of P j

m is equal to 1 if the network Rk appears in the new cluster created by
switching from a partition into (j + 1) clusters to a partition into j clusters .
In the following, we will note:

Pm = {P 1
m, . . . , P

j
m, . . . , P

K
m } (2)

with P 1
m = (1, . . . , 1) and PK

m = (0, . . . , 0) by convention.
In the same way, for each subject s, the corresponding K nested partitions

can be constructed from the Ms matrices:

Ps = {P 1
s , . . . , P

j
s , . . . , P

K
s } for s = 1, . . . , S (3)

For each non-trivial1e1 partition from Mm , we will search, among the
(K − 2) non-trivial partitions of each subject s, the element of Ps closest to
P j
m based on the Sorensen-Dice index defined as follows:

1 Partitioning into one cluster (respectively into K clusters ) is considered as trivial.
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Cj
s = 1− min

l=2,...,K−1

2(P j
m)′P l

s

(P j
m)′P j

m + (P l
s)′P l

s

(4)

where the notation v′ denotes the transpose of the vector v. A zero index
Cj

s (respectively equal to 1) indicates that the vectors P j
m and P j

s are equal
(respectively, do not share a common network).

In the following, we call alternative pattern to P j
m, denoted by P̃ j hereafter,

the pattern(s) of Ps closest to P j
m in the sense of the index Cj

s (if this pattern
is not equal to the average pattern P j

m).
From the set of the P̃ j , it is then possible to calculate a Qk score of partici-

pations for each network Rk . This score Qk represents the empirical frequency
(expressed in %) that the network Rk is constituted of an alternative pattern,
whatever the average pattern. For an average pattern P j

m, let us define F j

as the number of single subjects expressing the alternative pattern P̃ j , and
let F j

k be the number of single subjects expressing the alternative pattern P̃ j

containing the network k. The empirical frequency Qk of a network Rk is then
defined as follows:

Qk =

∑K−2
j=1 F j

k∑K−2
j=1 F j

(5)

Note that an alternative pattern of P j
m can never be equal to an average

pattern P j
m of another level than l 6= j.

2.1 Method for identifying an unstable network

From the participation score Qk of each network Rk, it is possible to identify
the one that will be said to be unstable among the K networks (i.e. a network
that will not be stable with respect to Pm across the subjects). Typically, a
network Rk∗ that “roams” on the dendrogram associated with Pm without
having a fixed attachment within the S individual dendrograms Ps leads to
an unstable mean tree. The network showing the most marked instability is
obtained by :

k∗ = arg max
k=1,...,K

Qk (6)

By convention, if Q1 = . . . = QK , it is considered that there are no unstable
networks.

2.2 Method for identifying subpopulations of subjects

Let us first define the individual frequencies of the average dendrogram pat-
terns P j

m denoted F j
m as the number of single subjects expressing P j

m.
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First, the methodology consists of iteratively selecting the subjects belong-
ing to the pattern P j∗

m such that j∗ = arg minj=2,...,K−1 Fj . At each iteration,
the selected subjects then form a new subpopulation, and the new current
population is composed of the unselected subjects. The stopping criterion is
to obtain a tree in the current subpopulation such that ∀j, F j

m = 1.

In order to counteract the presence of noise in the data, the cophenetic cor-
relation d [9] between each of the dendrograms obtained from the mean matrix
of each identified subpopulation is then calculated. This allows to group sub-
jects belonging to the same subpopulations based on cophenetic correlations
above a fixed threshold t. The choice of t is left to the user: however it should
be noted that: 1) the threshold t directly influences the creation of subpopula-
tions and 2) it allows the reduction of noise in the tridimensional data, if noise
is present. A high value of t (i.e. close to 1) will be recommended if similar
populations in the three-dimensional data is suspected, close to 0.5 otherwise.
To do this, we set up the following iterative procedure. Initially, we calculate
the matrix of cophenetic correlations between the mean dendrograms of the
subpopulations obtained at the end of the first step. Thereafter, we threshold
this matrix according to t (i.e. correlations lower than t are set to 0). From this
matrix, we construct the d-weighted graph G, where each node represents a
subpopulation. Thanks to the Louvain method [10], an optimal partition num-
ber is obtained by maximizing the modularity of the G graph. Subsequently,
the subpopulations are grouped together according to the Louvain partition-
ing, then a new cophenetic correlation matrix is computed from the mean
dendrograms of these new subpopulations. Louvain partitioning procedure is
then repeated until G has only one node.

This procedure (Algorithm 1) leads to iteratively extracting the most sta-
ble subjects from the average current P current

m dendrogram. It should be noted
that by construction, P current

m will vary in terms of the arrangement and com-
position of its scores.

Finally, this procedure is able to identify the existence of a subpopulation
of subjects with a pattern that differs constantly within it, or identify the
existence of a subpopulation that does not have a strong structure in terms of
dendrogram.
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Algorithm 1: Identification of subpopulations

Input: F j
m, individuals, P

j
m

while ∀j, F j
m = 1 do

groupi ← individuals ∈ P j∗

m , j∗ = arg minj=2,...,K−1 F
j ;

curentPopulation← individuals /∈ groupt;
(F j

m, P
j
m, Dendi)← frequency extraction(curentPopulation);

end
while |graphFromMatriceD| == 1 do

matriceD ← cophenetic(Dendi);
matriceD < t← 0;
modules← Louvain(graphFromMatriceD);
subPopulation← individuals ∈ modules;

end
Output: subPopulation

where frequency extraction is the implemented algorithm described in Sect. 2
in order to extract the individual frequencies of the average dendrogram par-
titions, cophenetic is the function that computes the matrix of cophenetic
correlations between all the dendrograms two by two of a list of dendrograms,
Louvain is the implemented Louvain algorithm for identifying modules from
a weighted graph G (here each node of the graph is a dendrogram composed
of s individuals), and dendrograms is the function computing the dendrogram
from Mm.

3 Study of numerical behavior

The numerical behaviour of the two proposed methodologies is illustrated on
simulated fMRI-type data.

– In the first simulation study, we consider a population of S subjects whose
correlation matrices Ms, s = 1, ..., S are close (in terms of mean dendro-
gram), except for a network Rk∗

which is randomly permuted for each
subject. The objective here is to detect this unstable network which makes
the mean dendrogram Pm not very representative of the population of S
subjects.

– In the second simulation study, the population of S subjects is composed
of two subpopulations of homogeneous subjects (in terms of the average
dendrogram). The objective here is to identify these two subpopulations.

Data generation. In order to create subjects close to each other in the
population (or subpopulation), we introduce a correlation matrix M that we
will noise with a Gaussian random error ε centered with a standard deviation
σ as follows: for 1 ≤ i < l ≤ K,

M(i,l) = tanh(arctanh(M(i,l)) + ei,l) et M(l,i) = M(i,l) (7)
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where M(i,l) denotes the element (i, j) of the matrix M and e(i,l) is a real-
ization of the noise ε. Different noise levels σ were considered in the simulation
study. Naturally, the higher the noise level, the less homogeneous the popula-
tion (or subpopulation) generated. To make the simulation study interesting,
we consider σ values such that the mean dendrogram is similar to the un-noised
mean dendrogram.

Thereafter, we will work with data similar to those presented in the intro-
duction (i.e. correlation matrices consisting of K = 28 resting-state networks
Rk).

3.1 Simulation 1: identification of the unstable network

In this first simulation, we will generate for a noise level of 0 ≤ σ ≤ 1 with a
step of 0.1, with K groups of S = 500 subjects from one of the individual M
matrices presented in the introduction. For each noise level and each network,
we have randomly permuted2 a network Rk, i.e: for a given noise level σ,
we have K = 28 groups of S = 500 subjects. The objective is to detect, for
each noise level and for each permutation, the targeted network Rk (i.e. the
permuted network) as the unstable network using the proposed methodology.

Using the methodology proposed for a noise level σ = 0, we can see in
Fig. 2 that we manage in 89.3% of the cases to detect the permuted network
as the one with the highest Q score. Looking more closely, we can see on the
average dendrogram of the group before permutation (Fig. 3), that for the
permutations of the networks Rk (RN11, RN23 and RN29), the network Rk∗ is
detected each time the one which is directly linked to Rk (RN22, RN14 and RN7

respectively) instead of Rk itself.

Taking the RN38 network as an example, when we look at the power of the
method across all the different noise levels σ (Fig. 4), we can see that we are
able to detect the correct permuted network (i.e. Rk∗ = RN38) regardless of
the noise level applied to the population of 500 subjects whose network has
been permuted. In this example, although RN38 (in green in Fig. 4) is always
the network with the highest Q score, the network RN6 (in yellow in Fig. 4) is
very close behind. By removing the RN38 network from the whole population,
we can see that the new mean dendrogram is much more stable with only a few
alternative non-dominant patterns (due to the different noise level); leading
to a much higher individual frequency of the mean P k

m patterns, which is a
very low standard deviation of the Qk score without a k∗ ever actually being
detected.

Globally, for 11 different noise levels from 0 to 1 (step of 0.1), out of the 28
possible permutations, we detect the correct k∗ (i.e. the permuted network Rk)
95.1% of the time. The 4.9% error corresponds each time to the identification
of the network directly linked to the network Rk initially swapped for the
simulation.

2 i.e. switch the values of the corresponding row/column in the correlation matrix
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Fig. 2 Boxplot of the Qk score at σ = 0 for each permutation of K.

Fig. 3 Average dendrogram (constructed from Mm) of the population of S = 500 subjects
before the permutation of any network Rk. In the red box, permuted Rk networks not
detected as k∗ at noise level σ = 0.

Our methodology allows us to detect the permuted Rk∗ network leading to
the instability of the mean dendrogram and those regardless of the noise level
injected in the data. Note that when σ increases, (there is no more information
/ common structure in the data), all Qk scores will converge to 1/k, i.e. each
network participates in many alternative patterns or none of the networks
participate in alternative patterns.
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Fig. 4 Example of the evolution of the Qk score of the permuted network Rk = RN38 as
a function of the noise level σ in a population of S = 500 subjects. The colored curves
correspond to the 4 Rk being most often detected as Rk∗ . In green the target network RN38,
in yellow the network RN6 directly linked to RN38 in the initial dendrogram (see Fig. 3)

3.2 Simulation 2: identification of homogeneous subpopulations

3.2.1 Detection of equidistributed population

In this part, we will consider two populations (G1
50 and G2

50) of S = 500
subjects. In each population, the subjects are equally divided into two sub-
populations A and B of 250 subjects each. For G1

50, the proximity between
the mean dendrogram of A and B is measured by the cophenetic correlation
is 0.18 (i.e. subpopulation A is very distant from subpopulation B in terms
of the brain organization of their resting-state networks Rk). For G2

50, the
cophenetic correlation between A and B is 0.95, which means they are two
subpopulations whose brain organization is very close to each other.
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Table 1 Evolution of the detection of subpopulations A and B according to the evolution
of the noise level σ in Group 1 (G1) and 2 (G2). Equidistributed population: Group G1

50,
cophenetic correlation between A and B of 0.18, 50% of subjects of each subpopulation A
and B. Group G2

50, cophenetic correlation between A and B of 0.95, 50% of subjects of each
subpopulation A and B. Not equidistributed population: Group G1

75, cophenetic correlation
between A and B of 0.18, 75% of subjects of the subpopulation A and 25% of B. Group
G2

75, cophenetic correlation between A and B of 0.95, 75% of subjects of the subpopulation
A and 25% of B.

Equitably distributed population (50% A & 50% B)

Subpopulation A Subpopulation B

σ = 0 σ = 0.12 σ = 0.25 σ = 0.50 σ = 0 σ = 0.12 σ = 0.25 σ = 0.50

Group 1 50 44 28 11 50 36 12 0
Group 2 50 24 1 0 50 17 8 11

Not equitably distributed population (75% A & 25% B)

Subpopulation A Subpopulation B

σ = 0 σ = 0.12 σ = 0.25 σ = 0.50 σ = 0 σ = 0.12 σ = 0.25 σ = 0.50

Group 1 75 65 64 0 25 11 0 0
Group 2 75 58 33 10 25 0 21 0

Finally, for G1
50 and G2

50, we will consider different cases with a noise level
σ ranging from 0 to 0.5.

These two case studies, represented by G1
50 and G2

50, will allow us to eval-
uate the subpopulation detection power of our algorithm in addition to the
presence of noise. Concerning the grouping threshold for the part of the method
using the Louvain method; t = 0.8 for G1

50 and t = 0.99 for G2
50. Note that the

threshold is more restrictive for G2
50 since A and B are more similar in this

population.

The results for the G1
50 study are provided in Tab. 1. For a null noise level,

the algorithm perfectly identifies individuals as belonging to subpopulation A
or B. For a noise level σ = 0.12, the algorithm is able to identify 44% of the
individuals belonging to subpopulation A and 36% belonging to population
B. For a noise level σ = 0.25, the algorithm finds more than 50% of the indi-
viduals belonging to subpopulation A (28% of individuals identified belonging
to this subpopulation), but less than 25% of the individuals belonging to sub-
population B. At the maximum noise level σ = 0.50, the algorithm finds 11%
of individuals from subpopulation A and none from subpopulation B.

The results for the G2
50 study are shown in Tab. 1. In contrast to G1,

the mean dendrograms of subpopulations A and B are here similarly closer
to each other according to their cophenetic distance (equal to 0.95 for G2,
0.18 for G1). This has a direct impact on the algorithm’s ability to identify
individuals as belonging to subpopulation A or B. Concerning subpopulation
A, the algorithm identifies correctly the individuals for a zero noise level, but
the identification drops to 24, 1 and 0% as it increases, which is worse than
for G1. There were the same results for the identification of subpopulation B,
with results half as good as for G1.
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For a noise level σ multiplied by 2, the proportion of individuals identified
as belonging to subpopulation A or B tends to be divided by 2. Moreover, in
view of the results, subpopulation B of G1

50 seems less stable on average than
subpopulation A; the opposite is true for G2

50.

3.2.2 Detection of not equidistributed population

In this part we will consider two populations (G1bis and G2bis) of S = 500
subjects. In each of the populations the subjects are equally divided into two
subpopulations A and B; of 375 subjects for A and 125 for B. For G1, the
proximity between the mean dendrogram of A and B is the same as in the
previous part, as the grouping threshold for the part of the method using the
Louvain method.

Finally, for G1bis and G2bis, we simulated different cases with a noise level
σ ranging from 0 to 0.5.

The simulation results are available in Tab. 1. Concerning subpopulation A
for G1bis and G2bis, the algorithm identifies more than 85% of its individuals
up to a noise level σ = 0.25. As for the equitably distributed subpopulations,
the algorithm manages to identify 100% of the individuals belonging to the
different subpopulations when the noise level is zero, and 0% when σ = 0.50
(there is an exception for G2bis where 10% of the individuals of subpopulation
A are correctly identified).

Again, we can note that the more noise increases one group disappears,
either the A group or the B group. The more the number of subjects belonging
neither to A nor to B increases up to a rate of 100%.

We alos note from Tab. 1 that: first the subjects detected as belonging to
group A or B are initially subjects belonging to these groups (very low noise
error rate). Secondly, it is interesting to note that the category of subjects
neither belonging to group A or B is composed of similar proportions to the
one we initially injected during the creation of the simulation.

4 A real case study

An example of the application of the method may be found in [11]. There is
currently no brain atlas of the intrinsic organization of the brain constructed
from populations whose individuals are over 40 years of age. However, the
brain, and thus the brain networks that compose it, undergo continuous re-
configuration throughout adult life ([12], [13]). The absence of brain atlases
from older populations therefore directly influences the results related to the
different properties of intrinsic networks. In this context, the objective of the
study was to construct a reliable brain atlas derived only from healthy older
participants. Doucet et al. [11] analyzed resting-state fMRI data from 184 indi-
viduals aged 55-80 years from the SALD cohort (Southwest University Lifespan
Dataset, [14]). Using a multi-step independent component analysis approach
they identified 24 Resting-state Networks (RNs, Fig. 5 - A.).
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Fig. 5 Presentation of the Resting-state Networks (RNs) of the SALD cohort and their stabil-
ity. A. Spatial map of the RNs obtained from the multi-step independent component analysis
on the intrinsic connectivity data of the SALD cohort. B. Tukey box of the stability Qk score
for each network in the SALD cohort. The horizontal red line represents the limit at which a
RN is considered unstable (extremum).

In this framework, our method was used to verify: 1) the stability of the
identified intrinsic networks (RNs) and 2) the presence of subpopulations in
the data (the cophenetic threshold was fixed at 0.85).

We found that no RNs in the SALD sample of individuals aged 55 or older
were unstable (Fig. 5 - B.).

In addition, two subpopulations were identified in the SALD cohort Fig. 6.
The first one (Subpopulation 1 in Fig. 6) is composed of 85 individuals and
has a mean age of 62.5 years old. The second one (Subpopulation 2 in Fig. 6)
is composed of 94 individuals and has a mean average age of 64.5 years old. A
two-tailed Student’s t-test revealed no difference between the 2 subpopulations
in terms of demographics variables (Edinburgh test: p = 0.8, sexe: p = 0.15,
Pearson’s chi-squared test), neither in anatomical variables (Total Intracranial
Volume: p = 0.81) or in quality control variable (all p > 0.2). A one-tailed t-
test revealed a significant inferior average age in the first subpopulation than
in second one (p = 0.032).

A comparison of the average dendrograms of the two subpopulations high-
lights the existence of 2 partitions in each subpopulation. The first one in-
cludes RNs related to the extrinsic system (blue rectangles in Fig. 6): which is
a system driven by external inputs and activated during sensory stimulations,
including the attentional and the sensory-motor network. The second partition
corresponds to the intrinsic system (Red rectangle in Fig. 6) that is used in
inner-oriented mental activity.
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Fig. 6 Tanglegram between subpopulations in the SALD cohort. The red rectangle represents
the intrinsic system; in blue the extrinsic system. The green lines correspond to the two RNs

whose positioning in the mean dendrogram differs from one subpopulation to another.

This organization of resting-state brain processes corresponds well to the
organization highlighted in [6]. The calculation of the cophenetic distance be-
tween the two means dendrograms of the two subpopulations was 0.76, reveal-
ing two slightly different organizations. The main difference between the two
subpopulations (Fig. 6 comes from the networks RN18 and RN17, which in the
case of subpopulation 1, belongs to the extrinsic system whereas these RNs

belong to the intrinsic system in the second. The RN18 corresponds to one of
the fronto-temporo-parietal network involved during the executive processes of
selecting and monitoring our behaviours. The RN17 corresponds to the spatial
attention network. These two RNs are grouped together very early in the two
dendrograms, thus we can tentatively identify this couple as being a marker of
the resting state activity either turned towards the outside, or towards oneself.

This organizational difference, possibly related to age, compared to young
subjects [6], deserves to be addressed more in-depth study with complementary
neuroscientific approach, such as the resting state questionnaire for evaluation
of inner experience during the conscious resting state [15].
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5 Concluding remarks

In this study, we introduced two statistical approches allowing: 1) to ana-
lyze the stability of the constituent features of an average dendrogram pro-
duced from three-dimensional data, which is the Qk score, and 2) to extract
homogeneous subpopulations in terms of individual dendrograms from three-
dimensional data.

The first one is based on the new reliability Qk score introduced in Sec-
tion 2. This core represents the relative position of the network k across the
individual dendrograms, relative to the average dendrogram. The simulation
study provided good numerical performance of the proposed methodology.

Furthermore, the second proposed approach is able to identify the existence
of a subpopulation of subjects with a pattern of features that differs constantly
within it, or the existence of a subpopulation that does not have a strong
structure in terms of dendrogram.

Concerning the capacities of the algorithm to identify subpopulations, the
similarity between subpopulations, the proportion of each subpopulation di-
rectly influences the performance of the algorithm. A subpopulation which is
small in number of individuals and whose mean dendrogram is not singular: i.e.
whose cophenetic distance is high in relation to the mean dendrogram of the
other subpopulations, will be difficult to identify. In contrast, a large subpop-
ulation with a singular dendrogram will be easy to identify. The modulation of
the threshold value t comes into play here, a t value close to 1 allowing a bet-
ter distinction between two similar dendrograms according to the cophenetic
distance.

These two new methods will soon be available via a library called SIMS

(Similarity of Individual MatriceS ) on GitHub, on CRAN, and it can also be
directly requested from the first author.
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 ̖

ʥ˴ Lĸbƅaĸƅĸe   R   de   SIMS  ̖
 ̖

La  libƅaiƅie   SIMS  ̀  Similarity  of  Individual  MatriceS ́   imƂlémenƚe  la  ̖ ̖ ̖ ̕ ̕ ̕ ̖ ̖ ̖

méƚhodologie  Ƃƅéƍenƚée  aƢ  chaƂiƚƅe  Ƃƅécédenƚ  Ƃeƅmeƚƚanƚ  d̑éƚƢdieƅ  la  ƍƚabiliƚé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

donnéeƍ  ƚƅidimenƍionnelleƍ  ƹia  la  déƚecƚion  de  ƹaƅiableƍ  inƍƚableƍ  eƚ˺oƢ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢƍ̆ƂoƂƢlaƚionƍ  danƍ  l̑échanƚillon˴   SIMS  eƍƚ  déƹeloƂƂé  ƍoƢƍ  R  ̀ƹeƅƍion  ʦ˴ʩ˴ʦ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾RCTʥʣ˿ ́ ˴  Je  Ƃƅéƍenƚe  ici  leƍ  ƂƅinciƂaleƍ  foncƚionƍ  Ƃeƅmeƚƚanƚ  de  déƚecƚeƅ  Ƣne  ƹaƅiable  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƍƚable  danƍ  Ƣn  jeƢ  de  donnéeƍ˯  ainƍi  ƄƢe  celleƍ  Ƃeƅmeƚƚanƚ  de  déƚecƚeƅ  la  Ƃƅéƍence  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍoƢƍ̆ƂoƂƢlaƚionƍ   danƍ   l̑échanƚillon   de   déƂaƅƚ˴   ̖̖

Danƍ  ce  cadƅe˯  j̑Ƣƚiliƍeƅai  le  jeƢ  de  donnéeƍ  ƚƅidimenƍionnelleƍ  ƄƢe  noƢƍ  aƹonƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣƚiliƍé  comme  eƿemƂle  danƍ  la  deƅnièƅe  Ƃaƅƚie  dƢ  chaƂiƚƅe  Ƃƅécédenƚ  ˮ   i˳e˳  leƍ  ʤʫʧ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢƍ˯  âgéƍ  de  ʨʨ  à  ʫʣ  anƍ˯  de  la  cohoƅƚe  SALD  ̀  Southwest  University  Lifespan  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

Dataset ˯  ˾WEIʤʪ˿ ́ ˴  DoƢceƚ  ͇   al˴  onƚ  miƍ  en  aƹanƚ  la  Ƃƅéƍence  de  ʥʧ  RNƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖75

̀ Resting̅state  Network ́   danƍ  ceƚƚe  cohoƅƚe ˾DOUʥʣ˿ ˴  ChaƄƢe  indiƹidƢ  eƍƚ  aloƅƍ  déǏni  ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅ  ƍa  maƚƅice  de  connecƚiƹiƚé  inƚƅinƍèƄƢe˴  Une  maƚƅice  ƅeƂƅéƍenƚe  leƍ  coƅƅélaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaiƅe   Ƃaƅ   Ƃaiƅe   deƍ   ʥʧ   RNƍ˴   ̖̖

 ̖

La  foncƚion   weighingVariable  imƂlémenƚe  l̑algoƅiƚhme  ƄƢi  Ƃeƅmeƚ  de  calcƢleƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƍƚabiliƚé  de  chaƄƢe  ƹaƅiable  d̑inƚéƅêƚ˯  à  ƚƅaƹeƅƍ  leƍ  dendƅogƅammeƍ  indiƹidƢelƍ  ˮ  ici  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  RNƍ˴  Leƍ  dendƅogƅammeƍ  indiƹidƢelƍ  ƍonƚ  conƍƚƅƢiƚƍ  en  Ƣƚiliƍanƚ  la  méƚhode  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Waƅd  à  Ƃaƅƚiƅ  de  la  maƚƅice  deƍ  diƍƚanceƍ  ˯  ̀  1ˮ  2ˮ  ˳˳˳ˮ  n  aƹec   n ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ 1 ) 2 ¬Di,j  ( M i,j / ̖ ,i j  ̕ ̕ ̕ ̖ ̖  

2ʦ ́ ˴  ToƢƚeƍ  leƍ  Ƃaƅƚiƚionƍ  indiƹidƢelleƍ  ƍonƚ  comƂaƅéeƍ  enƚƅe  leƍ  indiƹidƢƍ  à  l̑aide  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑indice  de  Soƅenƍen̆Dice˴  L̑ƢniƄƢe  aƅgƢmenƚ  de  la  foncƚion  eƍƚ  le  ƚableaƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅidimenƍionnel   T  de  ƚaille  conƚenanƚ  l̑enƍemble  deƍ  donnéeƍ˴  La  foncƚion  ̖ ̖ ̖ ̖ �4 4 4 ¬1 2 2 ̖ ̖ ̖ ̖ ̖ ̖

ƅenƹoie  Ƣne  ƹaƅiable  conƚenanƚ  le  ƍcoƅe   Q  aƚƚƅibƢé  à  chaƄƢe  RN˯  ainƍi  ƄƢ̑Ƣn  gƅaƂhiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀boîƚe  de  TƢkeǀ́  Ƃeƅmeƚƚanƚ  de  déƚeƅmineƅ  ƹiƍƢellemenƚ  la  Ƃƅéƍence  d˸eƿƚƅema  Ƃaƅmi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ   ƹaƅiableƍ   ̀  FigƢƅe   ʥʬ ́˴  ̖

 ̖

 ̖

ʪʨ  Les   RNs   sont   numérotés   ̎ RNX̏˯   X   étant   le   numéro   attribué   au   réseau˴   ̖̖

ʤʨʩ  ̖



 ̖

dim�Q    �   summary�T    
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Q   Ô�   weighingVariable�T    

plot�Q     º   affiche   la   boîte   de   Tukey  ̖

 ̖
FigƢƅe  ʥʬ  ˮ  Présentation  des  réseaux  intrinsèques  de  la  cohorte  SALD  et  de  leur  stabilité˴   A˴   Carte  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕
spatiale  des  composantes  obtenues  à  partir  de  l̐algorithme  de   ˽NAVʣʤ˾  sur  les  données  de  connectivité  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
intrinsèque  de  la  cohorte  SALD˳  Figure  adaptée  de   ˽DOUʤ0˾ ˳   B˴   Boîte  de  Tukey  du  score  Q  de  stabilité  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
pour  chaque  réseau  de  la  cohorte  SALD˳  La  ligne  rouge  horizontale  représente  la  limite  à  partir  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
laquelle  un  réseau  est  considéré  comme  instable  ˿extremum̀˳  Graphique  réalisé  à  l̐aide  de  la  librairie  R ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
ggplotʤ    ˽WICʣʨ˾ ˳  ̖

La  foncƚion   subPopulation  imƂlémenƚe  la  méƚhode  Ƃeƅmeƚƚanƚ  d̑idenƚiǏeƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƍence  oƢ  non  de  ƍoƢƍ̆ƂoƂƢlaƚionƍ  danƍ  la  ƂoƂƢlaƚion  d̑oƅigine˯  à  ƍaƹoiƅ  ici  Ƃaƅmi  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʫʧ   indiƹidƢƍ   de   la   cohoƅƚe   SALD˴   Leƍ   aƅgƢmenƚƍ   de   la   foncƚion   ƍonƚ   ici   ˮ  ̖

● le  ƚableaƢ  ƚƅidimenƍionnel   T  de  ƚaille  conƚenanƚ  l̑enƍemble  ̖ ̖ ̖ ̖ ̖ ̖ �4 4 4 ¬1 2 2 ̖ ̖

deƍ   donnéeƍ˯  ̖

● le  ƍeƢil  de  la  diƍƚance  coƂhénéƚiƄƢe   coph  aƢ̆deƍƍƢƍ  dƢƄƢel  leƍ  gƅoƢƂeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑indiƹidƢƍ  idenƚiǏéƍ  ƍonƚ  ƅegƅoƢƂéƍ˯  caƅ  jƢgéƍ  ƚƅoƂ  ƍimilaiƅeƍ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑ƢƚiliƍaƚeƢƅ˯   aǏn   d̑obƚeniƅ   leƍ   ƍoƢƍ̆ƂoƂƢlaƚionƍ   Ǐnaleƍ˴  ̖

ʤʨʪ  ̖



 ̖

La  foncƚion   subPopulation  ƅeƚoƢƅne  Ƣne  liƍƚe   P  conƚenanƚ   K  élémenƚƍ˯   K  éƚanƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

égal   aƢ   nombƅe   de   ƍoƢƍ̆ƂoƂƢlaƚionƍ   idenƚiǏéeƍ˯   chaƄƢe   élémenƚ   de    P    conƚienƚ   ˮ   ̖̖

● Ƣn   ƹecƚeƢƅ    v    de   la   liƍƚe   deƍ   indiƹidƢƍ   foƅmanƚ   la   ƍoƢƍ̆ƂoƂƢlaƚion˯   ̖̖

● leƢƅ   dendƅogƅamme   moǀen    d ˯  ̖

● Ƣn  ƹecƚeƢƅ  conƚenanƚ  le  ƍcoƅe   Q  de  la  ƍƚabiliƚé  de  chaƄƢe  ƹaƅiable  ƂoƢƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƚƚe   ƍoƢƍ̆ƂoƂƢlaƚion˯  ̖

● Ƣne  maƚƅice   c  conƚenanƚ  leƍ  diƍƚanceƍ  coƂhénéƚiƄƢeƍ  enƚƅe  chaƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dendƅogƅamme   deƍ    K    ƍoƢƍ̆ƂoƂƢlaƚionƍ˴  ̖

La  foncƚion  Ƃeƅmeƚ  égalemenƚ  de  ƹiƍƢaliƍeƅ  la  difféƅence  d̑oƅganiƍaƚion  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dendƅogƅammeƍ   de   chaƄƢe   ƍoƢƍ̆ƂoƂƢlaƚion   à   l̑aide   d̑Ƣn    tanglegram    ̀  FigƢƅe   ʦʣ ́˴  ̖

P   Ô�   subPopulation�T�    coph   Ó     »�ÃÀ     

length�P    

¡¼¢   ½   

head�P¡¡¼¢¢´v�   ¾    �   length�P¡¡¼¢¢´v    

¡¼¢   ̄t»¼½¾¯   ̄t»»¼½¯   ̄t»»¾¿¯   

¡¼¢   Â¼   

head�P¡¡¼¢¢´Q�   ¾    

¡¼¢   ¼�À   ½�Â   ¾�Ä   

P¡¡¼¢¢´c   

¡¼¢   »�ÂÁ   

plot�P     º   affiche   le   tanglegram   entre   chaque   élément   n   de   P    ̖

ʤʨʫ  ̖



 ̖

 ̖
FigƢƅe   ʦʣ   ˮ     Tanglegram    entre   les   sous̆populations   présentes   dans   la   cohorte   SALD˴  ̖

ʤʨʬ  ̖



 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

 ̖

Paƅƚie   IV  ̖

CŢŘclƢƍiŢŘ   eƚ   ƂeƅƍƂecƚiƹeƍ ̖
̖

ʤʩʣ  ̖



 ̖

J̑ai  déƹeloƂƂé  aƢ  coƢƅƍ  de  ceƚƚe  ƚhèƍe  ƂlƢƍieƢƅƍ  méƚhodeƍ  ƍƚaƚiƍƚiƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƅƢcƚƢeƢƍeƍ  Ƃeƅmeƚƚanƚ  danƍ  Ƣn  Ƃƅemieƅ  ƚemƂƍ  d̑élaboƅeƅ  deƍ  aƚlaƍ  deƍ  ƅéƍeaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébƅaƢƿ  ƍoƢƍ̆ƚendanƚ  leƍ  foncƚionƍ  cogniƚiƹeƍ  laƚéƅaliƍéeƍ˯  ƂƢiƍ  danƍ  Ƣn  ƍecond  ƚemƂƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑éƹalƢeƅ   eƚ   caƅacƚéƅiƍeƅ   la   ƹaƅiabiliƚé   inƚeƅ̆indiƹidƢelle˴   ̖̖

La  méƚhodologie  combinanƚ  l̑analǀƍe  Ƃaƅ  conjoncƚion˯  la  claƍƍiǏcaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍcendanƚe  hiéƅaƅchiƄƢe  eƚ  la  ƚhéoƅie  deƍ  gƅaƂheƍ  a  condƢiƚ  à  la  ƂƢblicaƚion  de  deƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅƚicleƍ  conceƅnanƚ  leƍ  baƍeƍ  anaƚomŏfoncƚionnelleƍ  deƍ  ƅéƍeaƢƿ  ƍƢƂƂoƅƚanƚ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅaiƚemenƚ  de  la  Ƃhƅaƍe  ˮ  l̑aƚlaƍ  SENSAAS˯  eƚ  dƢ  moƚ  ˮ  l̑aƚlaƍ  WMCA˴  Le  ƚƅaƹail  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéaliƍé  conceƅnanƚ  l̑éƚƢde  de  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  a  condƢiƚ  aƢ  déƹeloƂƂemenƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑Ƣne  noƢƹelle  méƚhodologie  d̑éƹalƢaƚion  de  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  baƍée  ƍƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion   hiéƅaƅchiƄƢe   ˮ   la   méƚhode   SIMS˴   ̖̖

Danƍ  la  conƚinƢiƚé  dƢ  ƚƅaƹail  commencé˯  j̑ai  Ƣƚiliƍé  SENSAAS  aǏn  d̑éƚƢdieƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑aƚǀƂicaliƚé  de  la  laƚéƅaliƍaƚion  dƢ  langage  ƹia  Ƣne  claƍƍiǏcaƚion  hiéƅaƅchiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mƢlƚiƚâche  eƚ  mƢlƚimodale˴  Je  Ƃƅéƍenƚeƅai  Ƃaƅ  la  ƍƢiƚe  Ƣn  bƅef  ƅéƍƢmé  d̑Ƣne  ƍélecƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅaƹaƢƿ  ƅéaliƍéƍ  Ƃaƅ  d̑aƢƚƅeƍ  éƄƢiƂeƍ  de  ƅecheƅche  ƄƢi  onƚ  Ƣƚiliƍé  SENSAAS  danƍ  leƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

éƚƢdeƍ˴  De  ƂlƢƍ˯  j̑ai  élaboƅé  deƢƿ  aƚlaƍ  ƍƢƂƂlémenƚaiƅeƍ  conceƅnanƚ  le  ƍƢƂƂoƅƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomiƄƢe  dƢ  conƚƅôle  ƍenƍoƅimoƚeƢƅ  de  la  main˯  ainƍi  ƄƢe  dƢ  ƍƢƂƂoƅƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomŏfoncƚionnel  de  l̑aƚƚenƚion  ƹiƍƢŏƍƂaƚiale˴  SIMS  a  égalemenƚ  Ƃeƅmiƍ  d̑éƹalƢeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

la  ƍƚabiliƚé  deƍ  ƅéƍeaƢƿ  inƚƅinƍèƄƢeƍ  idenƚiǏéƍ  aƢ  coƢƅƍ  dƢ  déƹeloƂƂemenƚ  d̑Ƣn  noƢƹel  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  céƅébƅal  global  adaƂƚé  aƢƿ  indiƹidƢƍ  de  ƂlƢƍ  de  ʨʨ  anƍ˯  ainƍi  ƄƢe  d̑éƹalƢeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑homogénéiƚé   deƍ   ʦ   cohoƅƚeƍ   Ƣƚiliƍéeƍ   ƂoƢƅ   ƍon   élaboƅaƚion˴   ̖̖

Ceƍ  ƚƅaƹaƢƿ  ƍonƚ  Ƃƅéƍenƚéƍ  danƍ  leƍ  chaƂiƚƅeƍ  ƄƢi  ƍƢiƹenƚ  eƚ  ƍonƚ  ƍƢiƹiƍ  d̑idéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƍƂecƚiƹeƍ  conceƅnanƚ  leƍ  ƍƢiƚeƍ  Ƃoƍƍibleƍ  à  donneƅ  aƢƿ  ƅecheƅcheƍ  déƹeloƂƂéeƍ  aƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƢƅƍ   de   ceƚƚe   ƚhèƍe˴  ̖

ʤ˴ AƂƂōĸcaƚĸŢŘƍ   de   ō̑aƚōaƍ   SENSAAS  ̖

ʣ˳ʣ˳ EƚƢde  de  l̐organiƍaƚion  ƚǀpiqƢe  eƚ  aƚǀpiqƢe  de  l̐organiƍaƚion  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

cérébrale   dƢ   langage  ̕

J̑ai  Ƣƚiliƍé  l̑aƚlaƍ  deƍ  aiƅeƍ  ƍƢƂƅamodaleƍ  de  la  Ƃhƅaƍe  ̀SENSAAS˯   ˾LABʤʬ˿ ́   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aǏn  d̑éƚƢdieƅ  la  ƹaƅiabiliƚé  inƚeƅindiƹidƢelle  de  la  laƚéƅaliƍaƚion  hémiƍƂhéƅiƄƢe  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langage  ̀  ˾LABʥʣ˿ ˯   Paƅƚie  I  ̆    chaƂiƚƅe  ʦ˴ʥ˴ʦ˴ ́ ˴  Ce  ƚƅaƹail  idenƚiǏe  ƚƅoiƍ  gƅoƢƂeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʩʤ  ̖



 ̖

d˸indiƹidƢƍ  caƅacƚéƅiƍéƍ  Ƃaƅ  difféƅenƚeƍ  oƅganiƍaƚionƍ  inƚeƅ̆  eƚ  inƚƅăhémiƍƂhéƅiƄƢeƍ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  dƢ  langage  ˮ  deƢƿ  gƅoƢƂeƍ  de  ƍƢjeƚƍ  ƚǀƂiƄƢeƍ  eƚ  Ƣn  gƅoƢƂe  de  ƍƢjeƚƍ  aƚǀƂiƄƢeƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Il  noƢƍ  a  égalemenƚ  Ƃeƅmiƍ  de  caƅacƚéƅiƍeƅ  danƍ  ceƍ  ʦ  gƅoƢƂeƍ  la  ƹaƅiabiliƚé  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l˸inƚégƅaƚion  de  l˸infoƅmaƚion  aƢ  ƅeƂoƍ  danƍ  leƍ  ƅégionƍ  de  SENSAAS˯  d˸analǀƍeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l˸occƢƅƅence  deƍ  diƍƍociaƚionƍ  de  laƚéƅaliƍaƚion  aƢ  coƢƅƍ  deƍ  difféƅenƚeƍ  modaliƚéƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langagièƅeƍ  eƚ  de  monƚƅeƅ  deƍ  difféƅenceƍ  d˸oƅganiƍaƚion  anaƚomiƄƢe  eƚ  de  comƂéƚenceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹeƍ˴  En  conclƢƍion˯  l˸oƅganiƍaƚion  céƅébƅale  aƚǀƂiƄƢe  dƢ  langage˯  ƅéƹélée  Ƃaƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍǀméƚƅie  dƅoiƚe  indƢiƚe  Ƃaƅ  leƍ  ƚâcheƍ  langagièƅeƍ˯  eƍƚ  ƍoƢƚenƢe  aƢ  ƅeƂoƍ  Ƃaƅ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  homoƚoƂiƄƢeƍ  connecƚéƍ  bilaƚéƅalemenƚ  ƂoƢƅ  le  langage  ̀  FigƢƅe  ʦʤ ́  eƚ  Ƃaƅ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

foƅƚe  connecƚiƹiƚé  inƚƅinƍèƄƢe  gƅâce  à  Ƣn  laƅge  coƅƂƍ  calleƢƿ˴  L̑aƅƚicle  coƅƅeƍƂondanƚ  eƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƂonible   en    Anneƿeƍ   ˮ   ʥ ˴  ̖

 ̖
FigƢƅe  ʦʤ  ˮ  Figure  de  synthèse  illustrant  les  différentes  organisations  du  langage  intră  et ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
inter̆hémisphériques  observées  dans  les  ʦ  groupes  identiǏés  dans   ˾LABʥʣ˿ ˴   La  colonne  de  gauche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕
montre  la  carte  d˷activation  moyenne  de  l˷hémisphère  gauche  des  groupes  lors  de  la  tâche  de  production  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de  phrase  ˿ l˷amplitude  d˷activation  du  signal  BOLD  est  donnée  par  l˷échelle  de  couleurs̀  et  la  colonne  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
droite  la  carte  d˷activation  moyenne  de  l˷hémisphère  droit  superposée  au  gabarit  de  la  BIL͆GIN  dans  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
l̐espace  MNI  réalisée  à  l̐aide  du  logiciel  Surf  Ice˳  Les  deuxièmeˮ  troisième  et  quatrième  colonnes  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
montrent  les  vues  latérales  gaucheˮ  supérieure  et  droite  du  réseau  de  connectivité  intrinsèque  du  langageˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
chaque  région  du  réseau  étant  représentée  par  une  sphère  située  au  centre  de  masse  de  ses  coordonnées  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
MNI˳  Pour  chaque  régionˮ  une  sphère  colorée  indique  la  centralité  de  degré  ˿DC̀  moyenne  du  groupe  ˿ la  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
valeur  de  DC  est  donnée  par  l̐échelle  de  couleursˮ  et  la  taille  de  la  sphère  est  proportionnelle  à  la  valeur̀˳  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Les  lignes  colorées  indiquent  la  valeur  du  coefficient  de  corrélation  de  Pearson  r  entre  deux  régions  ˿ la  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
valeur   est   indexée   par   l̐échelle   de   couleursˮ   et   l˷épaisseur   de   la   ligne   est   proportionnelle   à   la   valeur̀˳  ̕

ʤʩʥ  ̖



 ̖

ʣ˳ʤ˳ Applicaƚionƍ   de   SENSAAS   par   d̐aƢƚreƍ   éqƢipeƍ   de   recherche  ̕

SENSAAS  a  déjà  Ƣƚiliƍé  danƍ  le  cadƅe  de  l̑éƚƢde  deƍ  baƍeƍ  généƚiƄƢeƍ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dominance  aƚǀƂiƄƢe  de  l̑hémiƍƂhèƅe  dƅoiƚ  ƂoƢƅ  le  langage˴  Caƅƅion̆Caƍƚillo  ͇   al˴  onƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

noƚammenƚ  miƍ  en  éƹidence  cheǊ  leƍ  indiƹidƢƍ  aƚǀƂiƄƢeƍ  Ƣne  mƢƚaƚion  deƍ  gèneƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imƂliƄƢéƍ  danƍ  le  cǀƚoƍƄƢeleƚƚe  de  l̑acƚine   ˾CARʤʬ˿ ˴  Ceƚƚe  décoƢƹeƅƚe  offƅe  ƂoƢƅ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖76

Ƃƅemièƅe  foiƍ  Ƣn  aƂeƅçƢ  deƍ  inǐƢenceƍ  généƚiƄƢeƍ  molécƢlaiƅeƍ  ƍƢƅ  leƍ  mécaniƍmeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

condƢiƍanƚ  à  la  miƍe  en  Ƃlace  de  la  dominance  hémiƍƂhéƅiƄƢe  ƂoƢƅ  leƍ  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langagieƅƍ˴  ̖

Un  ƍecond  eƿemƂle  conceƅne  l̑éƚƢde  dƢ  ƅéƍeaƢ  dƢ  langage  eƚ  de  la  mémoiƅe  cheǊ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  indiƹidƢƍ  ƍoƢffƅanƚ  d˸éƂileƂƍie  dƢ  lobe  ƚemƂoƅal  médian˴  Ici˯  Rogeƅ  ͇   al˴  onƚ  monƚƅé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣne  hǀƂeƅconnecƚiƹiƚé  deƍ  aiƅeƍ  limbiƄƢeƍ  aƹec  le  ƅeƍƚe  dƢ  ƅéƍeaƢ˯  aloƅƍ  ƄƢe  ceƚƚe  Ǌone  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƍƚ  aƚƅoƂhiée  cheǊ  leƍ  Ƃaƚienƚƍ˴  La  ƅéoƅganiƍaƚion  dƢ  ƅéƍeaƢ  en  ƚeƅmeƍ  de  foƅce  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe  n̑eƍƚ  ƂoƢƅƚanƚ  Ƃaƍ  aƍƍociée  aƹec  de  meilleƢƅƍ  Ƃeƅfoƅmanceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cogniƚiƹeƍ    ˾ROGʥʣ˿ ˴  ̖

ʥ˴ EōabŢƅaƚĸŢŘ   de   ŘŢƢƹeaƢƿ   aƚōaƍ   céƅébƅaƢƿ  ̖
 ̖

ʤ˳ʣ˳ Miƍe  aƢ  poinƚ  d̐aƚlaƍ  deƍ  régionƍ  de  la  préférence  manƢelle  eƚ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

de   l̐aƚƚenƚion   ƹiƍƢo̅ƍpaƚiale  ̕

ʥ˴ʤ˴ʤ˴ HAMOTA   ˮ    H and    A tlas   of    MOT or    A reas  ̕

Comme  Ƃƅéƍenƚé  danƍ  la   Paƅƚie  I  ̆   chaƂiƚƅe  ʦ˴ʤ˴ ˯  noƢƍ  aƹonƍ  idenƚiǏé  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƍemble  de  ʤʦ  hROIƍ  ƍoƢƍ̆ƚendanƚ  le  conƚƅôle  ƍenƍoƅimoƚeƢƅ  de  la  main  ̀  FigƢƅe  ʥʧ ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ceƚ  enƍemble  inclƢƚ  deƍ  ƅégionƍ  moƚƅiceƍ  Ƃƅimaiƅeƍ˯  Ƃƅémoƚƅiceƍ˯  ƍomaƚoƍenƍoƅielleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅimaiƅeƍ  eƚ  ƍecondaiƅeƍ˯  le  ƚhalamƢƍ  eƚ  le  ƂƢƚamen  doƅƍal˯  ainƍi  ƄƢe  le  ʧ ème  lobe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

céƅébelleƢƿ˴  Une  analǀƍe  deƍcƅiƂƚiƹe  deƍ  ƹaƅiaƚionƍ  dƢ  ƍignal  BOLD  aƢ  coƢƅƍ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  de  RFTT  eƚ  LFTT  danƍ  leƍ  ʤʦ  ROIƍ  a  miƍ  en  éƹidence ˯  eƚ  ce  danƍ  leƍ  deƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖77

gƅoƢƂeƍ˯  de  foƅƚeƍ  acƚiƹaƚionƍ  conƚƅolaƚéƅaleƍ  eƚ  déƍacƚiƹaƚionƍ  iƂƍilaƚéƅaleƍ  danƍ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪʩ  L̑actine  est  une  protéine  jouant  un  rôle  important  dans  l˸architecture  et  les  mouvements  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
cellulaires˴   ̖̖

ʪʪ  Ces   observations   sont   évidemment   inversées   pour   le   cervelet˴  ̖

ʤʩʦ  ̖



 ̖

aiƅeƍ  moƚƅiceƍ  eƚ  ƍomaƚoƍenƍoƅielleƍ  Ƃƅimaiƅeƍ˯  condƢiƍanƚ  à  de  laƅgeƍ  aƍǀméƚƅieƍ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

faƹeƢƅ   de   la   main   Ƃƅéféƅée˴  ̖̖

HAMOTA  a  non  ƍeƢlemenƚ  Ƃeƅmiƍ  d̑idenƚiǏeƅ  leƍ  aiƅeƍ  ƅecƅƢƚéeƍ  ƂoƢƅ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

moƢƹemenƚ  de  la  main˯  maiƍ  a  égalemenƚ  miƍ  en  éƹidence˯  ƂoƢƅ  la  Ƃƅemièƅe  foiƍ  eƚ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

manièƅe  oƅiginale˯  le  ƍƢƂƂoƅƚ  anaƚomŏfoncƚionnel  de  la  Ƃƅéféƅence  manƢelle  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƿƂliƄƢanƚ  ʫʤ̾  de  ƍa  diƍƚƅibƢƚion˴  En  effeƚ˯  l̑eƿamen  deƍ  ƂƅoǏlƍ  deƍ  difféƅenceƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅolaƚéƅaleƍ  eƚ  iƂƍilaƚéƅaleƍ  enƚƅe  leƍ  moƢƹemenƚƍ  de  la  main  Ƃƅéféƅée  eƚ  non  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéféƅée  danƍ  leƍ  ʤʤ  hROIƍ  inclƢƍeƍ  danƍ  le  modèle  ƅéƹèle  ƄƢe  de  ƂlƢƍ  foƅƚeƍ  acƚiƹaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅolaƚéƅaleƍ  eƚ  deƍ  déƍacƚiƹaƚionƍ  iƂƍilaƚéƅaleƍ  deƍ  hROIƍ  moƚƅiceƍ  ƍonƚ  liéeƍ  aƢ  côƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  la  main  Ƣƚiliƍée˯  ƚandiƍ  ƄƢe  danƍ  leƍ  aƢƚƅeƍ  hROIƍ˯  de  ƂlƢƍ  foƅƚeƍ  acƚiƹaƚionƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅolaƚéƅaleƍ  eƚ  deƍ  déƍacƚiƹaƚionƍ  iƂƍilaƚéƅaleƍ  ƍonƚ  ƅeliéeƍ  à  la  laƚéƅaliƍaƚion  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

main   ̀main   Ƃƅéféƅemmenƚ   Ƣƚiliƍéé˴  ̖

ʥ˴ʤ˴ʥ˴ ALANƍ   ˮ    A tlas   of    L ateralized    A ttention    N etwork s  ̕

Comme  Ƃƅéƍenƚé  danƍ  la   Paƅƚie  I  ̆   chaƂiƚƅe  ʦ˴ʤ˴ ˯  noƢƍ  aƹonƍ  idenƚiǏé  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƍemble  de  ʩʩ  hROIƍ  ƍigniǏcaƚiƹemenƚ  acƚiƹéeƍ  eƚ  aƍǀméƚƅiƄƢeƍ  dƅoiƚeƍ  dƢƅanƚ  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâche  de  JBL  danƍ  Ƣn  gƅoƢƂe  de  ʤʦʣ  indiƹidƢƍ  dƅoiƚieƅƍ  ̀  FigƢƅe  ʥʦ ˯   ˾ZAGʥʣ˿ ́ ˴  NoƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƹonƍ  danƍ  Ƣn  ƍecond  ƚemƂƍ  caƅacƚéƅiƍé  ceƍ  hROIƍ  en  foncƚion  d̑Ƣne  ƚâche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚƚenƚionnelle  de  baƍ  niƹeaƢ  ˮ  SGV˴   Une  analǀƍe  de  la  connecƚiƹiƚé  inƚƅinƍèƄƢe  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑enƍemble  de  ʩʩ  hROIƍ˯  ƚelle  ƄƢe  ƅéaliƍée  danƍ   ˾LABʤʬ˿ ˯  noƢƍ  a  ainƍi  Ƃeƅmiƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d˸idenƚiǏeƅ  ʧ  ƅéƍeaƢƿ  ƍoƢƍ̆ƚendanƚ  la  dominance  deƍ  foncƚionƍ  aƚƚenƚionnelleƍ  ƍƂaƚialeƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Il  ƍ̑aƹèƅe  ƄƢe  leƍ  ƍoƢƍ̆enƍembleƍ  obƚenƢƍ  à  Ƃaƅƚiƅ  de  l̑analǀƍe  Ƃaƅ  conjoncƚion  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚâcheƍ  de  JBL  eƚ  SGV  ƍe  ƅéƂaƅƚiƍƍenƚ  de  manièƅe  gƅadƢelle  aƢ  ƍein  deƍ  ʧ  ƅéƍeaƢƿ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚiƹiƚé  inƚƅinƍèƄƢe˴  Ce  ƅéƍƢlƚaƚ  Ƃeƅmeƚ  de  meƚƚƅe  en  éƹidence  Ƣne  ƍƂécialiƍaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ˮ  ʤ̆  leƍ  ʧ  ƅéƍeaƢƿ  Ƃoƍƍèdenƚ  enƹiƅon  ʥʨ̾  de  hROIƍ  imƂliƄƢéeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

danƍ  leƍ  ʥ  ƚâcheƍ  aƚƚenƚionnelleƍ˯  ʥ̆  Ƣn  ƅéƍeaƢ  occiƂiƚal  ƍƂécialiƍé  danƍ  leƍ  ƂƅoceƍƍƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚƚenƚionnel  de  baƍ  niƹeaƢ  ̀ʩʪ̾  de  hROIƍ  égalemenƚ  acƚiƹéeƍ  aƢ  coƢƅƍ  de  SGV́˯  ʦ̆  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢ  Ƃaƅiéƚŏfƅonƚal  ƍƂécialiƍé  danƍ  leƍ  ƂƅoceƍƍƢƍ  aƚƚenƚionnelƍ  de  haƢƚ  niƹeaƢ  ̀ʫʣ̾  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍ  hROIƍ  éƚanƚ  ƍƂéciǏƄƢeƍ  à  la  ƚâche  de  JBĹ˯  ʧ̆  Ƣn  ƅéƍeaƢ  ƚemƂoƅŏfƅonƚal  eƚ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

occiƂiƚŏƂaƅiéƚal  médian  inƚeƅmédiaiƅe  imƂliƄƢé  à  Ƃaƅƚ  égale  à  la  foiƍ  danƍ  l˸aƚƚenƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

baƍ   eƚ   de   haƢƚ   niƹeaƢ˴  ̖

ʤʩʧ  ̖



 ̖

ʤ˳ʤ˳ Applicaƚion  de  SIMS  à  l̐élaboraƚion  d̐Ƣn  aƚlaƍ  de  la  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

connecƚiƹiƚé   inƚrinƍèqƢe  ̕

La  noƢƹelle  méƚhode  SIMS  déƹeloƂƂée  aƢ  coƢƅƍ  de  ma  ƚhèƍe  Ƃeƅmeƚ  de  Ƃƅendƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  comƂƚe  la  ƹaƅiabiliƚé  inƚeƅ̆indiƹidƢelle  loƅƍ  de  la  claƍƍiǏcaƚion  eƚ  de  ƄƢeƍƚionneƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑eƿiƍƚence  de  ƍoƢƍ̆ƂoƂƢlaƚionƍ  aƢ  ƍein  d̑Ƣne  ƂoƂƢlaƚion˴  Elle  a  éƚé  Ƣƚiliƍée  aǏn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

d̑éƚƢdieƅ  la  ƍƚabiliƚé  deƍ  ƅéƍeaƢƿ  de  connecƚiƹiƚé  inƚƅinƍèƄƢe  obƚenƢƍ  cheǊ  deƍ  indiƹidƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

âgéƍ  de  ƂlƢƍ  de  ʨʨ  anƍ˯  ainƍi  ƄƢe  la  ƍƚabiliƚé  deƍ  donnéeƍ  Ƣƚiliƍéeƍ   ˾DOUʥʣ˿ ˴  Leƍ  ʨ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅéƍeaƢƿ  inƚƅinƍèƄƢeƍ  foƅmenƚ  ainƍi  Ƣn  aƚlaƍ  foncƚionnel  deƍ  ƅéƍeaƢƿ  dƢ  ƅeƂoƍ  ƂoƢƅ  la  Ǐn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

de  l̑âge  adƢlƚe˴  DoƢceƚ  ͇   al˴  onƚ  ainƍi  monƚƅé  ƄƢe  leƍ  ƅéƍeaƢƿ  inƚƅinƍèƄƢeƍ  cheǊ  leƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢƍ   âgéƍ   diffèƅenƚ   ƍigniǏcaƚiƹemenƚ   de   ceƢƿ   idenƚiǏéƍ   cheǊ   le   jeƢne   adƢlƚe˴   ̖̖

ʦ˴ PeƅƍƂecƚĸƹeƍ   de   ƅecheƅcheƍ  ̖
 ̖

Une  Ƃƅemièƅe  Ƃiƍƚe  de  ƅecheƅche  diƅecƚemenƚ  inƍƂiƅée  deƍ  difféƅenƚƍ  ƚƅaƹaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅéƍenƚéƍ  eƍƚ  l̑élaboƅaƚion  d̑Ƣn  aƚlaƍ  inƚégƅanƚ  l̑enƍemble  deƍ  ƅéƍeaƢƿ  de  la  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂécialiƍaƚion  hémiƍƂhéƅiƄƢe  ˮ  à  Ƃaƅƚiƅ  deƍ  aƚlaƍ  SENSAAS˯  WMCA˯  HAMOTA  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ALANƍ˴  Le  DMN  ƍeƅa  égalemenƚ  inƚégƅé  dƢ  faiƚ  de  la  miƍe  en  éƹidence  ƅécenƚe  de  ƍon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅôle  danƍ  l̑oƅganiƍaƚion  aƚǀƂiƄƢe  dƢ  langage   ˾RAEʤʫ˿  eƚ  danƍ  la  cenƚƅaliƍaƚion  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑infoƅmaƚion  Ƃƅoƹenanƚ  deƍ  ƅéƍeaƢƿ  aƚƚenƚionnelƍ  eƚ  langagieƅƍ  ̀  ˾FOXʥʣ˿  eƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˾GORʥʣ˿ ́ ˴   ̖̖

Ceƚ  aƚlaƍ  mƢlƚimodal  eƚ  mƢlƚĭéchelle  Ƃeƅmeƚƚƅa  de  caƅacƚéƅiƍeƅ  la  ƚoƂologie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

globale  deƍ  foncƚionƍ  éƚƢdiéeƍ  ƍoƢƍ  l̑inǐƢence  de  la  ƍƂécialiƍaƚion  hémiƍƂhéƅiƄƢe  cheǊ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  indiƹidƢƍ  ƚǀƂiƄƢeƍ  eƚ  d̑éƚƢdieƅ  ƅégionalemenƚ  leƍ  Ƃaƚƚeƅnƍ  de  dominance˴  La  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

caƅacƚéƅiƍaƚion  ƚoƂologiƄƢe  ƍeƅa  mƢlƚimodale  inƚégƅanƚ  leƍ  caƅacƚéƅiƍƚiƄƢeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖
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˾BOS92˿  Boƍeƅ˯  B˴  E˴˯  GƢǀon˯  I˴  M˴˯  ͇   VaƂnik˯  V˴   N˴  ̀ʤʬʬʥ˯  JƢlǀ́˴  A  ƚƅaining  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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˾BUC19a˿  BƢckneƅ˯  R˴  L˴˯  ͇   MaƅgƢlieƍ˯  D˴  S˴  ̀ʥʣʤʬ́˴  Macƅoƍcale  coƅƚical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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˾BUC19b˿   BƢckneƅ˯  R˴  L˴˯  ͇   DiNicola˯  L˴  M˴  ̀ʥʣʤʬ́˴  The  bƅain̑ƍ  defaƢlƚ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅkˮ  ƢƂdaƚed  anaƚomǀ˯  Ƃhǀƍiologǀ  and  eƹolƹing  inƍighƚƍ˴   Nature  Reviews  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

Neuroscienceˮ   20 ̀ʤʣ́˯   ʨʬʦ̆ʩʣʫ˴  ̖

˾BUL09˿  BƢllmoƅe˯  E˴˯  ͇   SƂoƅnƍ˯  O˴  ̀ʥʣʣʬ́˴  ComƂleƿ  bƅain  neƚƺoƅkƍˮ  gƅaƂh  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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10 ̀ʦ́˯   ʤʫʩ̆ʤʬʫ˴  ̖
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indiƹidƢal  hƢman  bƅainƍ  Ƣƍing  ƅeƍƚing  fƢncƚional  connecƚiƹiƚǀ  MRI˴   Neuroimageˮ  ʦ1 ̀ʤ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖
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͇  Bƅaƹeƅ˯  T˴  S˴  ̀ʥʣʤʦ́˴  MƢlƚĭƚaƍk  connecƚiƹiƚǀ  ƅeƹealƍ  ǐeƿible  hƢbƍ  foƅ  adaƂƚiƹe  ƚaƍk  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅol˴    Nature   neuroscienceˮ   1ʨ ̀ʬ́˯   ʤʦʧʫ˴  ̖
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Neuronˮ   ʪ3 ̀ʤ́˯   ʥʦʫ̆ʥʨʤ˴  ̖

˾COM94˿  Comon˯  P˴  ̀ʤʬʬʧ́˴  IndeƂendenƚ  comƂonenƚ  analǀƍiƍ˯  a  neƺ  conceƂƚ˵˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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AdebimƂe˯  A˴˯  ˴˴˴  ͇   GƢƅ˯  R˴  C˴  ̀ʥʣʥʣ́˴  TemƂoƅal  ƍeƄƢenceƍ  of  bƅain  acƚiƹiƚǀ  aƚ  ƅeƍƚ  aƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍƚƅained  bǀ  ƺhiƚe  maƚƚeƅ  ƍƚƅƢcƚƢƅe  and  modƢlaƚed  bǀ  cogniƚiƹe  demandƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Communications   biologyˮ   3 ̀ʤ́˯   ʤ̆ʤʥ˴  ̖
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˾DAD20˿   Dadi˯  K˴˯  VaƅoƄƢaƢƿ˯  G˴˯  MachloƢǊaƅideƍ̆Shaliƚ˯  A˴˯  Goƅgoleƺƍki˯  K˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

J˴˯  Waƍƍeƅmann˯  D˴˯  Thiƅion˯  B˴˯  ͇   Menƍch˯  A˴  ̀ʥʣʥʣ́˴  Finĕgƅain  aƚlaƍeƍ  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƢncƚional   modeƍ   foƅ   fMRI   analǀƍiƍ˴    Neuroimage ˯   ʤʤʪʤʥʩ˴  ̖

˾DAM06˿  DamoiƍeaƢƿ˯  J˴  S˴˯  RomboƢƚƍ˯  S˴  A˴  R˴  B˴˯  Baƅkhof˯  F˴˯  Schelƚenƍ˯  P˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Sƚam˯  C˴  J˴˯  Smiƚh˯  S˴  M˴˯  ͇   Beckmann˯  C˴  F˴  ̀ʥʣʣʩ́˴  Conƍiƍƚenƚ  ƅeƍƚinğƍƚaƚe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅkƍ  acƅoƍƍ  healƚhǀ  ƍƢbjecƚƍ˴   Proceedings  of  the  national  academy  of  sciencesˮ  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕

103 ̀ʦʪ́˯   ʤʦʫʧʫ̆ʤʦʫʨʦ˴  ̖

˾DEH17˿ Dehaene˯  S˴˯  LaƢ˯  H˴˯  ͇   KoƢideƅ˯  S˴  ̀ʥʣʤʪ́˴  Whaƚ  iƍ  conƍcioƢƍneƍƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

and   coƢld   machineƍ   haƹe   iƚ˵˴   Science˯   ʦʨʫ̀ʩʦʩʥ́˯   ʧʫʩ̆ʧʬʥ˴  ̖

˾DEL10˿  Delong˯  A˴˯  Oƍokin˯  A˴˯  Iƍack˯  H˴  N˴˯  ͇   Boǀkoƹ˯  Y˴  ̀ʥʣʤʥ́˴  Faƍƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƂƂƅoƿimaƚe  eneƅgǀ  minimiǊaƚion  ƺiƚh  label  coƍƚƍ˴   International  journal  of  computer  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕

visionˮ   ʫʨ ̀ʤ́˯   ʤ̆ʥʪ˴  ̖

˾DES06˿   Deƍikan˯  R˴  S˴˯  Ségonne˯  F˴˯  Fiƍchl˯  B˴˯  QƢinn˯  B˴  T˴˯  Dickeƅƍon˯  B˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

C˴˯  Blackeƅ˯  D˴˯  ˴˴˴  ͇   Albeƅƚ˯  M˴  S˴  ̀ʥʣʣʩ́˴  An  aƢƚomaƚed  labeling  ƍǀƍƚem  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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˾DIJ10˿   Van  Dijk˯  K˴  R˴˯  Hedden˯  T˴˯  Venkaƚaƅaman˯  A˴˯  Eƹanƍ˯  K˴  C˴˯  LaǊaƅ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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connecƚomicƍˮ  ƚheoƅǀ˯  ƂƅoƂeƅƚieƍ˯  and  oƂƚimiǊaƚion˴   Journal  of  neurophysiologyˮ  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

103 ̀ʤ́˯   ʥʬʪ̆ʦʥʤ˴  ̖

˾DIJ12˿  Van  Dijk˯  K˴  R˴˯  SabƢncƢ˯  M˴  R˴˯  ͇   BƢckneƅ˯  R˴  L˴  ̀ʥʣʤʥ́˴  The  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inǐƢence  of  head  moƚion  on  inƚƅinƍic  fƢncƚional  connecƚiƹiƚǀ  MRI˴   Neuroimageˮ  ʧʫ ̀ʤ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖

ʧʦʤ̆ʧʦʫ˴  ̖

˾DOH20˿  Dohmaƚob˯  E˴˯  DƢmaƍ˯  G˴˯  ͇   BǊdok˯  D˴  ̀ʥʣʥʣ́˴  Daƅk  conƚƅolˮ  The  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

defaƢlƚ   mode   neƚƺoƅk   aƍ   a   ƅeinfoƅcemenƚ   leaƅning   agenƚ˴    Human   Brain   Mapping ˴   ̖̖

ʤʪʦ  ̖
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˾DOU11˿   DoƢceƚ˯  G˴˯  NaƹeaƢ˯  M˴˯  Peƚiƚ˯  L˴˯  Delcƅoiƿ˯  N˴˯  Zago˯  L˴˯  Cƅiƹello˯  F˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˴˴˴  ͇   Jolioƚ˯  M˴  ̀ʥʣʤʤ́˴  Bƅain  acƚiƹiƚǀ  aƚ  ƅeƍƚˮ  a  mƢlƚiƍcale  hieƅaƅchical  fƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƅganiǊaƚion˴    Journal   of   neurophysiologyˮ   10ʧ ̀ʩ́˯   ʥʪʨʦ̆ʥʪʩʦ˴  ̖

˾DOU19˿   DoƢceƚ˯  G˴  E˴˯  Lee˯  W˴  H˴˯  ͇   FƅangoƢ˯  S˴  ̀ʥʣʤʬ́˴  EƹalƢaƚion  of  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƂaƚial  ƹaƅiabiliƚǀ  in  ƚhe  majoƅ  ƅeƍƚinġƍƚaƚe  neƚƺoƅkƍ  acƅoƍƍ  hƢman  bƅain  fƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍeƍ˴    Human   brain   mappingˮ   ʦ0 ̀ʤʨ́˯   ʧʨʪʪ̆ʧʨʫʪ˴  ̖

˾DOU20˿  DoƢceƚ  G˴˯  Labache  L˴˯  Jolioƚ  M˴˯  FƅangoƢ  S˴  ̀ʥʣʥʣ́˴  Aƚlaƍʨʨ̦ˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Bƅain  FƢncƚional  Aƚlaƍ  of  Reƍƚinğƍƚaƚe  Neƚƺoƅkƍ  foƅ  Healƚhǀ  Laƚe  AdƢlƚhood˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Cerebral   Cortex ˯   ƍoƢƍ   Ƃƅeƍƍe˴  ̖

˾DRO04˿  Dƅonkeƅƍ˯  N˴˯  ͇   Ogaƅ˯  J˴  ̀ʥʣʣʧ́˴  Bƅain  aƅeaƍ  inƹolƹed  in  ƍƂeech  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅodƢcƚion˴  ̖

˾DYM01˿  Dǀm˯  R˴  J˴˯  BƢƅnƍ˯  J˴˯  Fƅeeman˯  K˴˯  ͇   LiƂƚon˯  M˴  L˴  ̀ʥʣʤʤ́˴  Iƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƢncƚional  MR  imaging  aƍƍeƍƍmenƚ  of  hemiƍƂheƅic  langƢage  dominance  aƍ  good  aƍ  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Wada   ƚeƍƚ˵ˮ   a   meƚăanalǀƍiƍ˴    Radiologyˮ   2ʨ1 ̀ʥ́˯   ʧʧʩ̆ʧʨʨ˴  ̖

˾EDE01˿   Edelman˯  G˴  M˴˯  ͇   Gallǀ˯  J˴  A˴  ̀ʥʣʣʤ́˴  Degeneƅacǀ  and  comƂleƿiƚǀ  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

biological  ƍǀƍƚemƍ˴   Proceedings  of  the  National  Academy  of  Sciencesˮ  ʫʪ ̀ʥʧ́˯  ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖

ʤʦʪʩʦ̆ʤʦʪʩʫ˴  ̖

˾EIC18a˿   Eickhoff˯  S˴  B˴˯  Conƍƚable˯  R˴  T˴˯  ͇   Yeo˯  B˴  T˴  ̀ʥʣʤʫ́˴  ToƂogƅaƂhic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƅganiǊaƚion   of   ƚhe   ceƅebƅal   coƅƚeƿ   and   bƅain   caƅƚogƅaƂhǀ˴    Neuroimageˮ   1ʩ0 ˯   ʦʦʥ̆ʦʧʪ˴  ̖

˾EIC18b˿   Eickhoff˯  S˴  B˴˯  Yeo˯  B˴  T˴˯  ͇   Genon˯  S˴  ̀ʥʣʤʫ́˴  Imaginğbaƍed  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅcellaƚionƍ   of   ƚhe   hƢman   bƅain˴    Nature   Reviews   Neuroscienceˮ   1ʫ ̀ʤʤ́˯   ʩʪʥ̆ʩʫʩ˴  ̖

˾EFR96˿  Efƅon˯  B˴˯  Halloƅan˯  E˴˯  ͇   Holmeƍ˯  S˴  ̀ʤʬʬʩ́˴  BooƚƍƚƅaƂ  conǏdence  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƹelƍ  foƅ  Ƃhǀlogeneƚic  ƚƅeeƍ˴  Pƅoceedingƍ  of  ƚhe  Naƚional  Academǀ  of  Scienceƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʬʦ̀ʥʦ́˯   ʤʦʧʥʬ̆ʤʦʧʥʬ˴  ̖

˾ENG13˿  Engel˯  A˴  K˴˯  Geƅloff˯  C˴˯  Hilgeƚag˯  C˴  C˴˯  ͇   Nolƚe˯  G˴  ̀ʥʣʤʦ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Inƚƅinƍic  coƢƂling  modeƍˮ  mƢlƚiƍcale  inƚeƅacƚionƍ  in  ongoing  bƅain  acƚiƹiƚǀ˴   Neuronˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

ʪ0 ̀ʧ́˯   ʫʩʪ̆ʫʫʩ˴  ̖

˾ESS98˿  Van  Eƍƍen˯  D˴  C˴˯  DƅƢƅǀ˯  H˴  A˴˯  Joƍhi˯  S˴˯  ͇   Milleƅ˯  M˴  I˴  ̀ʤʬʬʫ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

FƢncƚional  and  ƍƚƅƢcƚƢƅal  maƂƂing  of  hƢman  ceƅebƅal  coƅƚeƿˮ  ƍolƢƚionƍ  aƅe  in  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƅfaceƍ˴    Proceedings   of   the   National   Academy   of   Sciencesˮ   ʫʧ ̀ʦ́˯   ʪʫʫ̆ʪʬʨ˴  ̖

ʤʪʧ  ̖



 ̖

˾ESS12˿   Van  Eƍƍen˯  D˴  C˴˯  Glaƍƍeƅ˯  M˴  F˴˯  Dieƅkeƅ˯  D˴  L˴˯  Haƅƺell˯  J˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Coalƍon˯  T˴  ̀ʥʣʤʥ́˴  Paƅcellaƚionƍ  and  hemiƍƂheƅic  aƍǀmmeƚƅieƍ  of  hƢman  ceƅebƅal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƚeƿ   analǀǊed   on   ƍƢƅfacĕbaƍed   aƚlaƍeƍ˴    Cerebral   cortexˮ   22 ̀ʤʣ́˯   ʥʥʧʤ̆ʥʥʩʥ˴  ̖

˾EVA93˿  Eƹanƍ˯  A˴  C˴˯  Collinƍ˯  D˴  L˴˯  Millƍ˯  S˴  R˴˯  Bƅoƺn˯  E˴  D˴˯  Kellǀ˯  R˴  L˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

͇  Peƚeƅƍ˯  T˴  M˴  ̀ʤʬʬʦ˯  Ocƚobeƅ́˴  ʦD  ƍƚaƚiƍƚical  neƢƅoanaƚomical  modelƍ  fƅom  ʦʣʨ  MRI  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹolƢmeƍ˴  In  ʤʬʬʦ  IEEE  confeƅence  ƅecoƅd  nƢcleaƅ  ƍcience  ƍǀmƂoƍiƢm  and  medical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imaging   confeƅence   ̀ƂƂ˴   ʤʫʤʦ̆ʤʫʤʪ́˴   IEEE˴  ̖

˾EVA12˿  Eƹanƍ˯  A˴  C˴˯  Janke˯  A˴  L˴˯  Collinƍ˯  D˴  L˴˯  ͇   Bailleƚ˯  S˴  ̀ʥʣʤʥ́˴  Bƅain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚemƂlaƚeƍ   and   aƚlaƍeƍ˴    Neuroimageˮ   ʨ2 ̀ʥ́˯   ʬʤʤ̆ʬʥʥ˴  ̖

˾FAI08˿   Faiƅ˯  D˴  A˴˯  Cohen˯  A˴  L˴˯  Doƍenbach˯  N˴  U˴˯  ChƢƅch˯  J˴  A˴˯  MieǊin˯  F˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴˯  Baƅch˯  D˴  M˴˯  ˴˴˴  ͇   Schlaggaƅ˯  B˴  L˴  ̀ʥʣʣʫ́˴  The  maƚƢƅing  aƅchiƚecƚƢƅe  of  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bƅain˸ƍ  defaƢlƚ  neƚƺoƅk˴   Proceedings  of  the  National  Academy  of  Sciencesˮ  10ʧ ̀ʤʣ́˯  ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖

ʧʣʥʫ̆ʧʣʦʥ˴  ̖

˾FAN16˿  Fan˯  L˴˯  Li˯  H˴˯  ZhƢo˯  J˴˯  Zhang˯  Y˴˯  Wang˯  J˴˯  Chen˯  L˴˯  ˴˴˴  ͇   Foƿ˯  P˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

T˴  ̀ʥʣʤʩ́˴  The  hƢman  bƅainneƚome  aƚlaƍˮ  a  neƺ  bƅain  aƚlaƍ  baƍed  on  connecƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅchiƚecƚƢƅe˴    Cerebral   cortexˮ   2ʨ ̀ʫ́˯   ʦʨʣʫ̆ʦʨʥʩ˴  ̖

˾FEI10˿ Feinbeƅg˯  D˴  A˴˯  Moelleƅ˯  S˴˯  Smiƚh˯  S˴  M˴˯  AƢeƅbach˯  E˴˯  Ramanna˯  S˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Glaƍƍeƅ˯  M˴  F˴˯  ˴˴˴  ͇   YacoƢb˯  E˴  ̀ʥʣʤʣ́˴  MƢlƚiƂleƿed  echo  Ƃlanaƅ  imaging  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢb̆ƍecond   ƺhole   bƅain   FMRI   and   faƍƚ   diffƢƍion   imaging˴    PloS   oneˮ   ʧ ̀ʤʥ́˴  ̖

˾FIN07˿  Findeiƍ˯  M˴  A˴  ̀ʥʣʣʪ́˴  The  ƅole  of  amǀloid  ơ  ƂeƂƚide  ʧʥ  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

AlǊheimeƅ˸ƍ   diƍeaƍe˴    Pharmacology   ͆    therapeuticsˮ   11ʨ ̀ʥ́˯   ʥʩʩ̆ʥʫʩ˴  ̖

˾FIN15˿  Finn˯  E˴  S˴˯  Shen˯  X˴˯  Scheinoƍƚ˯  D˴˯  Roƍenbeƅg˯  M˴  D˴˯  HƢang˯  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ChƢn˯  M˴  M˴˯  ˴˴˴  ͇   Conƍƚable˯  R˴  T˴  ̀ʥʣʤʨ́˴  FƢncƚional  connecƚome  ǏngeƅƂƅinƚingˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚifǀing  indiƹidƢalƍ  Ƣƍing  Ƃaƚƚeƅnƍ  of  bƅain  connecƚiƹiƚǀ˴   Nature  neuroscienceˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

1ʪ ̀ʤʤ́˯   ʤʩʩʧ̆ʤʩʪʤ˴  ̖

˾FIS04a˿ Fiƍeƅ˯  J˴˯  ChiƢ˯  C˴˯  ͇   Welikǀ˯  M˴  ̀ʥʣʣʧ́˴  Small  modƢlaƚion  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ongoing  coƅƚical  dǀnamicƍ  bǀ  ƍenƍoƅǀ  inƂƢƚ  dƢƅing  naƚƢƅal  ƹiƍion˴   Natureˮ  ʦ31 ̀ʪʣʣʫ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖

ʨʪʦ̆ʨʪʫ˴  ̖

˾FIS04b˿   Fiƍchl˯  B˴˯  Van  Deƅ  KoƢƺe˯  A˴˯  DeƍƚƅieƢƿ˯  C˴˯  Halgƅen˯  E˴˯  Ségonne˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

F˴˯  Salaƚ˯  D˴  H˴˯  ˴˴˴  ͇   Caƹineƍƍ˯  V˴   ̀ʥʣʣʧ́˴  AƢƚomaƚicallǀ  Ƃaƅcellaƚing  ƚhe  hƢman  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ceƅebƅal   coƅƚeƿ˴    Cerebral   cortexˮ   1ʦ ̀ʤ́˯   ʤʤ̆ʥʥ˴  ̖

ʤʪʨ  ̖
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˾FLO20˿  Floegel˯  M˴˯  FƢchƍ˯  S˴˯  ͇   Kell˯  C˴  A˴  ̀ʥʣʥʣ́˴  Diffeƅenƚial  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅibƢƚionƍ  of  ƚhe  ƚƺo  ceƅebƅal  hemiƍƂheƅeƍ  ƚo  ƚemƂoƅal  and  ƍƂecƚƅal  ƍƂeech  feedback  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅol˴    Nature   Communicationsˮ   11 ̀ʤ́˯   ʤ̆ʤʥ˴  ̖

˾FOR12a˿  Foƅniƚo˯  A˴˯  Haƅƅiƍon˯  B˴  J˴˯  Zaleƍkǀ˯  A˴˯  ͇   Simonƍ˯  J˴  S˴  ̀ʥʣʤʥ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ComƂeƚiƚiƹe  and  cooƂeƅaƚiƹe  dǀnamicƍ  of  laƅgĕƍcale  bƅain  fƢncƚional  neƚƺoƅkƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂƂoƅƚing  ƅecollecƚion˴   Proceedings  of  the  National  Academy  of  Sciencesˮ  10ʫ ̀ʦʤ́˯  ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖

ʤʥʪʫʫ̆ʤʥʪʬʦ˴  ̖

˾FOR12b˿   Foƅniƚo˯  A˴˯  Zaleƍkǀ˯  A˴˯  Panƚeliƍ˯  C˴˯  ͇   BƢllmoƅe˯  E˴  T˴  ̀ʥʣʤʥ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SchiǊoƂhƅenia˯   neƢƅoimaging   and   connecƚomicƍ˴    Neuroimageˮ   ʨ2 ̀ʧ́˯   ʥʥʬʩ̆ʥʦʤʧ˴  ̖

˾FOR16˿  Foƅniƚo˯  A˴˯  Zaleƍkǀ˯  A˴˯  ͇   BƢllmoƅe˯  E˴  ̀ʥʣʤʩ́˴   Fundamentals  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

brain   network   analysis ˴   Academic   Pƅeƍƍ˴  ̖

˾FOX85˿   Foƿ˯  P˴  T˴˯  PeƅlmƢƚƚeƅ˯  J˴  S˴˯  ͇   Raichle˯  M˴  E˴  ̀ʤʬʫʨ́˴  A  ƍƚeƅeoƚacƚic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

meƚhod  of  anaƚomical  localiǊaƚion  foƅ  Ƃoƍiƚƅon  emiƍƍion  ƚomogƅaƂhǀ˴   Journal  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

computer   assisted   tomographyˮ   ʫ ̀ʤ́˯   ʤʧʤ̆ʤʨʦ˴  ̖

˾FOX88˿   Foƿ˯  P˴  T˴˯  MinƚƢn˯  M˴  A˴˯  Reiman˯  E˴  M˴˯  ͇   Raichle˯  M˴  E˴  ̀ʤʬʫʫ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Enhanced  deƚecƚion  of  focal  bƅain  ƅeƍƂonƍeƍ  Ƣƍing  inƚeƅƍƢbjecƚ  aƹeƅaging  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

changĕdiƍƚƅibƢƚion  analǀƍiƍ  of  ƍƢbƚƅacƚed  PET  imageƍ˴   Journal  of  Cerebral  Blood  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕

Flow   ͆    Metabolismˮ   ʪ ̀ʨ́˯   ʩʧʥ̆ʩʨʦ˴  ̖

˾FOX05˿  Foƿ˯  M˴  D˴˯  Snǀdeƅ˯  A˴  Z˴˯  Vincenƚ˯  J˴  L˴˯  Coƅbeƚƚa˯  M˴˯  Van  Eƍƍen˯  D˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

C˴˯  ͇   Raichle˯  M˴  E˴  ̀ʥʣʣʨ́˴  The  hƢman  bƅain  iƍ  inƚƅinƍicallǀ  oƅganiǊed  inƚo  dǀnamic˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anƚicoƅƅelaƚed  fƢncƚional  neƚƺoƅkƍ˴   Proceedings  of  the  National  Academy  of  Sciencesˮ  ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕

102 ̀ʥʪ́˯   ʬʩʪʦ̆ʬʩʪʫ˴  ̖

˾FOX20˿  Foƿ˯  K˴  C˴˯  Shi˯  L˴˯  Baek˯  S˴˯  Raccah˯  O˴˯  Foƍƚeƅ˯  B˴  L˴˯  Saha˯  S˴˯  ˴˴˴  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

PaƅƹiǊi˯  J˴  ̀ʥʣʥʣ́˴  Inƚƅinƍic  neƚƺoƅk  aƅchiƚecƚƢƅe  Ƃƅedicƚƍ  ƚhe  effecƚƍ  eliciƚed  bǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚƅacƅanial   elecƚƅical   ƍƚimƢlaƚion   of   ƚhe   hƢman   bƅain˴    Nature   Human   Behaviour ˯   ʤ̆ʤʧ˴  ̖

˾FRA07˿   Fƅanƍƍon˯  P˴˯  Skiöld˯  B˴˯  Hoƅƍch˯  S˴˯  Noƅdell˯  A˴˯  Blennoƺ˯  M˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

LageƅcƅanƚǊ˯  H˴˯  ͇   Åden˯  U˴  ̀ʥʣʣʪ́˴  Reƍƚinğƍƚaƚe  neƚƺoƅkƍ  in  ƚhe  infanƚ  bƅain˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Proceedings   of   the   National   Academy   of   Sciencesˮ   10ʦ ̀ʦʬ́˯   ʤʨʨʦʤ̆ʤʨʨʦʩ  ̖

˾FRA13˿  Fƅanco˯  A˴  R˴˯  Mannell˯  M˴  V˴ ˯  CalhoƢn˯  V˴   D˴˯  ͇   Maǀeƅ˯  A˴  R˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʤʦ́˴  ImƂacƚ  of  analǀƍiƍ  meƚhodƍ  on  ƚhe  ƅeƂƅodƢcibiliƚǀ  and  ƅeliabiliƚǀ  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƍƚinğƍƚaƚe   neƚƺoƅkƍ˴    Brain   connectivityˮ   3 ̀ʧ́˯   ʦʩʦ̆ʦʪʧ˴  ̖

ʤʪʩ  ̖



 ̖

˾FRE11˿  Fƅench˯  L˴˯  ͇   Paƹlidiƍ˯  P˴  ̀ʥʣʤʤ́˴  RelaƚionƍhiƂƍ  beƚƺeen  gene  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƿƂƅeƍƍion  and  bƅain  ƺiƅing  in  ƚhe  adƢlƚ  ƅodenƚ  bƅain˴   PLoS  Comput  Biolˮ  ʩ ̀ʤ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̖

eʤʣʣʤʣʧʬ˴  ̖

˾FRI93˿  Fƅiƍƚon˯  K˴  J˴˯  Fƅiƚh˯  C˴  D˴˯  Liddle˯  P˴  F˴˯  ͇   Fƅackoƺiak˯  R˴  S˴  ̀ʤʬʬʦ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

FƢncƚional  connecƚiƹiƚǀˮ  ƚhe  ƂƅinciƂal̆comƂonenƚ  analǀƍiƍ  of  laƅge  ̀PET́  daƚa  ƍeƚƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Journal  of  cerebral  blood  flow  and  metabolism  ˭  official  journal  of  the  International  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

Society   of   Cerebral   Blood   Flow   and   Metabolismˮ   13 ̀ʤ́˯   ʨ̃ʤʧ˴  ̖

˾FRI03˿   Fƅiƍƚon˯  K˴  J˴˯  Haƅƅiƍon˯  L˴˯  ͇   Pennǀ˯  W˴  ̀ʥʣʣʦ́˴  Dǀnamic  caƢƍal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

modelling˴    Neuroimageˮ   1ʫ ̀ʧ́˯   ʤʥʪʦ̆ʤʦʣʥ˴  ̖

˾FRI19˿   Fƅiƍƚon˯  K˴  J˴˯  Pƅelleƅ˯  K˴  H˴˯  Maƚhǀƍ˯  C˴˯  Cagnan˯  H˴˯  HeinǊle˯  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

RaǊi˯  A˴˯  ͇   Zeidman˯  P˴  ̀ʥʣʤʬ́˴  Dǀnamic  caƢƍal  modelling  ƅeƹiƍiƚed˴   Neuroimageˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

1ʫʫ ˯   ʪʦʣ̆ʪʧʧ˴  ̖

˾FUK06˿  FƢkƢnaga˯  M˴˯  HoƅoƹiƚǊ˯  S˴  G˴˯  ƹan  Geldeƅen˯  P˴˯  de  Zƺaƅƚ˯  J˴  A˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Janƍma˯  J˴  M˴˯  IkonomidoƢ˯  V˴   N˴˯  ˴˴˴  ͇   DƢǀn˯  J˴  H˴  ̀ʥʣʣʩ́˴  LaƅgĕamƂliƚƢde˯  ƍƂaƚiallǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƅelaƚed  ǐƢcƚƢaƚionƍ  in  BOLD  fMRI  ƍignalƍ  dƢƅing  eƿƚended  ƅeƍƚ  and  eaƅlǀ  ƍleeƂ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚageƍ˴    Magnetic   resonance   imagingˮ   2ʦ ̀ʫ́˯   ʬʪʬ̆ʬʬʥ˴  ̖

˾FUL16˿   FƢlcheƅ˯  B˴  D˴˯  ͇   Foƅniƚo˯  A˴  ̀ʥʣʤʩ́˴  A  ƚƅanƍcƅiƂƚional  ƍignaƚƢƅe  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hƢb  connecƚiƹiƚǀ  in  ƚhe  moƢƍe  connecƚome˴   Proceedings  of  the  National  Academy  of  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕

Sciencesˮ   113 ̀ʨ́˯   ʤʧʦʨ̆ʤʧʧʣ˴  ̖

˾GAR04˿   GaƅǏeld˯  E˴  ̀ʥʣʣʧ́˴  HiƍƚoƅiogƅaƂhic  maƂƂing  of  knoƺledge  domainƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

liƚeƅaƚƢƅe˴    Journal   of   Information   Scienceˮ   30 ̀ʥ́˯   ʤʤʬ̆ʤʧʨ˴  ̖

˾GEN17˿   Genon˯  S˴˯  Li˯  H˴˯  Fan˯  L˴˯  MƧlleƅ˯  V˴   I˴˯  Cieƍlik˯  E˴  C˴˯  Hoffƍƚaedƚeƅ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

F˴˯  ˴˴˴  ͇   MoebƢƍ˯  S˴  ̀ʥʣʤʪ́˴  The  ƅighƚ  doƅƍal  Ƃƅemoƚoƅ  moƍaicˮ  oƅganiǊaƚion˯  fƢncƚionƍ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

and   connecƚiƹiƚǀ˴    Cerebral   Cortexˮ   2ʩ ̀ʦ́˯   ʥʣʬʨ̆ʥʤʤʣ˴  ̖

˾GEN18˿  Genon˯  S˴˯  Reid˯  A˴˯  Langneƅ˯  R˴˯  AmƢnƚƍ˯  K˴˯  ͇   Eickhoff˯  S˴  B˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʤʫ́˴  Hoƺ  ƚo  chaƅacƚeƅiǊe  ƚhe  fƢncƚion  of  a  bƅain  ƅegion˴   Trends  in  cognitive  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

sciencesˮ   22 ̀ʧ́˯   ʦʨʣ̆ʦʩʧ˴  ̖

˾GEO95˿   Geoƅge˯  J˴˯  Moƍheƅ˯  J˴˯  Schmidƚ˯  D˴˯  Aine˯  C˴˯  Wood˯  C˴˯  Leƺine˯  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˴˴˴  ͇   BelliƹeaƢ˯  J˴  ̀ʤʬʬʨ́˴  FƢncƚional  neƢƅoimaging  bǀ  combined  MRI˯  MEG  and  fMRI˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

In  Pƅoceedingƍ  of  ƚhe  Fiƅƍƚ  Inƚeƅnaƚional  Confeƅence  foƅ  FƢncƚional  MaƂƂing  of  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

HƢman   Bƅain˯   Paƅiƍ   P   ̀Vol˴   ʤ˯   Ƃ˴   ʫʬ́˴  ̖

ʤʪʪ  ̖



 ̖

˾GIR02˿  Giƅƹan˯  M˴˯  ͇   Neƺman˯  M˴  E˴  ̀ʥʣʣʥ́˴  CommƢniƚǀ  ƍƚƅƢcƚƢƅe  in  ƍocial  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

and  biological  neƚƺoƅkƍ˴   Proceedings  of  the  national  academy  of  sciencesˮ  ʫʫ ̀ʤʥ́˯  ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖

ʪʫʥʤ̆ʪʫʥʩ˴  ̖

˾GLA11˿   Glaƍƍeƅ˯  M˴  F˴˯  ͇   Van  Eƍƍen˯  D˴  C˴  ̀ʥʣʤʤ́˴  MaƂƂing  hƢman  coƅƚical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅeaƍ  in  ƹiƹo  baƍed  on  mǀelin  conƚenƚ  aƍ  ƅeƹealed  bǀ  Tʤ̆and  Tʥ̆ƺeighƚed  MRI˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Journal   of   Neuroscienceˮ   31 ̀ʦʥ́˯   ʤʤʨʬʪ̆ʤʤʩʤʩ˴  ̖

˾GLA13˿   Glaƍƍeƅ˯  M˴  F˴˯  SoƚiƅoƂoƢloƍ˯  S˴  N˴˯  Wilƍon˯  J˴  A˴˯  Coalƍon˯  T˴  S˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Fiƍchl˯  B˴˯  Andeƅƍƍon˯  J˴  L˴˯  ˴˴˴  ͇   Van  Eƍƍen˯  D˴  C˴  ̀ʥʣʤʦ́˴  The  minimal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅeƂƅoceƍƍing  ƂiƂelineƍ  foƅ  ƚhe  HƢman  Connecƚome  Pƅojecƚ˴   Neuroimageˮ  ʪ0 ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖

ʤʣʨ̆ʤʥʧ˴  ̖

˾GLA16˿  Glaƍƍeƅ˯  M˴  F˴˯  Coalƍon˯  T˴  S˴˯  Robinƍon˯  E˴  C˴˯  Hackeƅ˯  C˴  D˴˯ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Haƅƺell˯  J˴˯  YacoƢb˯  E˴˯  ˴˴˴  ͇   Smiƚh˯  S˴  M˴  ̀ʥʣʤʩ́˴  A  mƢlƚĭmodal  Ƃaƅcellaƚion  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hƢman   ceƅebƅal   coƅƚeƿ˴    Natureˮ   ʧ3ʨ ̀ʪʩʤʨ́˯   ʤʪʤ̆ʤʪʫ˴  ̖

˾GOR12˿   Goƅdon˯  E˴  M˴˯  Sƚollƍƚoƅff˯  M˴˯  ͇   Vaidǀa˯  C˴  J˴  ̀ʥʣʤʥ́˴  Uƍing  ƍƂaƚial  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mƢlƚiƂle  ƅegƅeƍƍion  ƚo  idenƚifǀ  inƚƅinƍic  connecƚiƹiƚǀ  neƚƺoƅkƍ  inƹolƹed  in  ƺoƅking  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

memoƅǀ   Ƃeƅfoƅmance˴   HƢman   bƅain   maƂƂing˯   ʦʦ̀ʪ́˯   ʤʨʦʩ̆ʤʨʨʥ˴  ̖

˾GOR16˿   Goƅdon˯  E˴  M˴˯  LaƢmann˯  T˴  O˴˯  Adeǀemo˯  B˴˯  HƢckinƍ˯  J˴  F˴˯  Kelleǀ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

W˴  M˴˯  ͇   Peƚeƅƍen˯  S˴  E˴  ̀ʥʣʤʩ́˴  Geneƅaƚion  and  eƹalƢaƚion  of  a  coƅƚical  aƅea  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƅcellaƚion   fƅom   ƅeƍƚinğƍƚaƚe   coƅƅelaƚionƍ˴    Cerebral   cortexˮ   2ʨ ̀ʤ́˯   ʥʫʫ̆ʦʣʦ˴  ̖

˾GOR17˿   Goƅdon˯  E˴  M˴˯  LaƢmann˯  T˴  O˴˯  Gilmoƅe˯  A˴  W˴˯  Neƺbold˯  D˴  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Gƅeene˯  D˴  J˴˯  Beƅg˯  J˴  J˴˯  ˴˴˴  ͇   HamƂƚon˯  J˴  M˴  ̀ʥʣʤʪ́˴  Pƅeciƍion  fƢncƚional  maƂƂing  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

of   indiƹidƢal   hƢman   bƅainƍ˴    Neuronˮ   ʫʧ ̀ʧ́˯   ʪʬʤ̆ʫʣʪ˴  ̖

˾GOR20˿  Goƅdon˯  E˴  M˴˯  LaƢmann˯  T˴  O˴˯  Maƅek˯  S˴˯  RaƢƚ˯  R˴  V˴ ˯  Gƅaƚƚon˯  C˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neƺbold˯  D˴  J˴˯  ˴˴˴  ͇   Peƚeƅƍen˯  S˴  E˴  ̀ʥʣʥʣ́˴  DefaƢlƚ̆mode  neƚƺoƅk  ƍƚƅeamƍ  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƢƂling  ƚo  langƢage  and  conƚƅol  ƍǀƍƚemƍ˴   Proceedings  of  the  National  Academy  of  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕

Sciencesˮ   11ʩ ̀ʥʬ́˯   ʤʪʦʣʫ̆ʤʪʦʤʬ˴  ̖

˾GRE03˿  GƅeiciƢƍ˯  M˴  D˴˯  Kƅaƍnoƺ˯  B˴˯  Reiƍƍ˯  A˴  L˴˯  ͇   Menon˯  V˴   ̀ʥʣʣʦ́˴ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

FƢncƚional  connecƚiƹiƚǀ  in  ƚhe  ƅeƍƚing  bƅainˮ  a  neƚƺoƅk  analǀƍiƍ  of  ƚhe  defaƢlƚ  mode  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hǀƂoƚheƍiƍ˴    Proceedings   of   the   National   Academy   of   Sciencesˮ   100 ̀ʤ́˯   ʥʨʦ̆ʥʨʫ˴  ̖

˾GRE18˿   Gƅeene˯  A˴  S˴˯  Gao˯  S˴˯  Scheinoƍƚ˯  D˴˯  ͇   Conƍƚable˯  R˴  T˴  ̀ʥʣʤʫ́˴ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Taƍk̆indƢced  bƅain  ƍƚaƚe  maniƂƢlaƚion  imƂƅoƹeƍ  Ƃƅedicƚion  of  indiƹidƢal  ƚƅaiƚƍ˴   Nature  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

communicationsˮ   ʫ ̀ʤ́˯   ʤ̆ʤʦ˴  ̖

ʤʪʫ  ̖



 ̖

˾GRI14˿  Gƅiffanƚi˯  L˴˯  SalimĭKhoƅƍhidi˯  G˴˯  Beckmann˯  C˴  F˴˯  AƢeƅbach˯  E˴  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

DoƢaƢd˯  G˴˯  Seƿƚon˯  C˴  E˴˯  ˴˴˴  ͇   Moelleƅ˯  S˴  ̀ʥʣʤʧ́˴  ICĂbaƍed  aƅƚefacƚ  ƅemoƹal  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acceleƅaƚed  fMRI  acƄƢiƍiƚion  foƅ  imƂƅoƹed  ƅeƍƚing  ƍƚaƚe  neƚƺoƅk  imaging˴   Neuroimageˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

ʫʧ ˯   ʥʦʥ̆ʥʧʪ˴  ̖

˾GU15˿   GƢ˯  S˴˯  PaƍƄƢaleƚƚi˯  F˴˯  Cieƍlak˯  M˴˯  Teleƍfoƅd˯  Q˴  K˴˯  Alfƅed˯  B˴  Y˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Kahn˯  A˴  E˴˯  ˴˴˴  ͇   Baƍƍeƚƚ˯  D˴  S˴  ̀ʥʣʤʨ́˴  Conƚƅollabiliƚǀ  of  ƍƚƅƢcƚƢƅal  bƅain  neƚƺoƅkƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Nature   communicationsˮ   ʨ ̀ʤ́˯   ʤ̆ʤʣ˴  ̖

˾GUS01˿  GƢƍnaƅd˯  D˴  A˴˯  ͇   Raichle˯  M˴  E˴  ̀ʥʣʣʤ́˴  Seaƅching  foƅ  a  baƍelineˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƢncƚional  imaging  and  ƚhe  ƅeƍƚing  hƢman  bƅain˴  NaƚƢƅe  ƅeƹieƺƍ  neƢƅoƍcience˯  ʥ̀ʤʣ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʩʫʨ̆ʩʬʧ˴  ̖

˾HAG08˿  Hagmann˯  P˴˯  CammoƢn˯  L˴˯  Gigandeƚ˯  X˴˯  MeƢli˯  R˴˯  Honeǀ˯  C˴  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Wedeen˯  V˴   J˴˯  ͇   SƂoƅnƍ˯  O˴  ̀ʥʣʣʫ́˴  MaƂƂing  ƚhe  ƍƚƅƢcƚƢƅal  coƅe  of  hƢman  ceƅebƅal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƚeƿ˴    PLoS   Biolˮ   ʨ ̀ʪ́˯   eʤʨʬ˴  ̖

˾HAR76˿   Haƅƅiƍ˯  F˴  S˴˯  ͇   Rhoƚon˯  A˴  L˴  ̀ʤʬʪʩ́˴  Anaƚomǀ  of  ƚhe  caƹeƅnoƢƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍinƢƍˮ   a   micƅoƍƢƅgical   ƍƚƢdǀ˴    Journal   of   neurosurgeryˮ   ʦʧ ̀ʥ́˯   ʤʩʬ̆ʤʫʣ˴  ̖

˾HAX01˿  Haƿbǀ˯  J˴  V˴ ˯  Gobbini˯  M˴  I˴˯  FƢƅeǀ˯  M˴  L˴˯  Iƍhai˯  A˴˯  SchoƢƚen˯  J˴  L˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

͇  Pieƚƅini˯  P˴  ̀ʥʣʣʤ́˴  DiƍƚƅibƢƚed  and  oƹeƅlaƂƂing  ƅeƂƅeƍenƚaƚionƍ  of  faceƍ  and  objecƚƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

in   ƹenƚƅal   ƚemƂoƅal   coƅƚeƿ˴    Scienceˮ   2ʫ3 ̀ʨʨʦʬ́˯   ʥʧʥʨ̆ʥʧʦʣ˴  ̖

˾HAX12˿   Haƿbǀ˯  J˴  V˴   ̀ʥʣʤʥ́˴  MƢlƚiƹaƅiaƚe  Ƃaƚƚeƅn  analǀƍiƍ  of  fMRIˮ  ƚhe  eaƅlǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

beginningƍ˴    Neuroimageˮ   ʨ2 ̀ʥ́˯   ʫʨʥ̆ʫʨʨ˴  ̖

˾HE08a˿  He˯  Y˴˯  Chen˯  Z˴˯  ͇   Eƹanƍ˯  A˴  ̀ʥʣʣʫ́˴  SƚƅƢcƚƢƅal  inƍighƚƍ  inƚo  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

abeƅƅanƚ  ƚoƂological  Ƃaƚƚeƅnƍ  of  laƅgĕƍcale  coƅƚical  neƚƺoƅkƍ  in  AlǊheimeƅ˸ƍ  diƍeaƍe˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Journal   of   Neuroscienceˮ   2ʪ ̀ʤʫ́˯   ʧʪʨʩ̆ʧʪʩʩ˴  ̖

˾HE08b˿  He˯  B˴  J˴˯  Snǀdeƅ˯  A˴  Z˴˯  ZemƂel˯  J˴  M˴˯  Smǀƚh˯  M˴  D˴˯  ͇   Raichle˯  M˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

E˴  ̀ʥʣʣʫ́˴  ElecƚƅoƂhǀƍiological  coƅƅelaƚeƍ  of  ƚhe  bƅain˸ƍ  inƚƅinƍic  laƅgĕƍcale  fƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅchiƚecƚƢƅe˴   Proceedings  of  the  National  Academy  of  Sciencesˮ  10ʧ ̀ʧʤ́˯  ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̖

ʤʩʣʦʬ̆ʤʩʣʧʧ˴  ̖

˾HER85˿   HéƅaƢlƚ˯  J˴˯  JƢƚƚen˯  C˴˯  ͇   Anƍ˯  B˴  ̀ʤʬʫʨ́˴  Déƚecƚion  de  gƅandeƢƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅimiƚiƹeƍ  danƍ  Ƣn  meƍƍage  comƂoƍiƚe  Ƃaƅ  Ƣne  aƅchiƚecƚƢƅe  de  calcƢl  neƢƅomiméƚiƄƢe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

en  aƂƂƅenƚiƍƍage  non  ƍƢƂeƅƹiƍé˴  In   10 ème  Colloque  sur  le  traitement  du  signal  et  des  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

images ˯  FRA˯  ʤʬʫʨ˴  GRETSI˯  GƅoƢƂe  d̑EƚƢdeƍ  dƢ  Tƅaiƚemenƚ  dƢ  Signal  eƚ  deƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Imageƍ˴  ̖

ʤʪʬ  ̖



 ̖

˾HER13˿   Heƅƹé˯  P˴  Y˴˯  Zago˯  L˴˯  Peƚiƚ˯  L˴˯  MaǊoǀeƅ˯  B˴˯  ͇   TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʤʦ́˴  Reƹiƍiƚing  hƢman  hemiƍƂheƅic  ƍƂecialiǊaƚion  ƺiƚh  neƢƅoimaging˴   Trends  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

cognitive   sciencesˮ   1ʩ ̀ʥ́˯   ʩʬ̆ʫʣ˴  ̖

˾HES19˿  Heƍling˯  I˴˯  Labache˯  L˴˯  Jolioƚ˯  M˴˯  ͇   TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʬ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Laƅgĕƍcale  ƂlƢƅimodal  neƚƺoƅkƍ  common  ƚo  liƍƚening  ƚo˯  ƂƅodƢcing  and  ƅeading  ƺoƅd  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

liƍƚƍˮ  an  fMRI  ƍƚƢdǀ  combining  ƚaƍk̆indƢced  acƚiƹaƚion  and  inƚƅinƍic  connecƚiƹiƚǀ  in ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʧʧ   ƅighƚ̆handeƅƍ˴    Brain   Structure   and   Functionˮ   22ʦ ̀ʬ́˯   ʦʣʪʨ̆ʦʣʬʧ˴  ̖

˾HEU10a˿  Van  Den  HeƢƹel˯  M˴  P˴˯  ͇   HƢlƍhoff  Pol˯  H˴  E˴  ̀ʥʣʤʣ́˴  SƂeciǏc  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍomaƚoƚoƂic  oƅganiǊaƚion  of  fƢncƚional  connecƚionƍ  of  ƚhe  Ƃƅimaƅǀ  moƚoƅ  neƚƺoƅk  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢƅing   ƅeƍƚing   ƍƚaƚe˴    Human   brain   mappingˮ   31 ̀ʧ́˯   ʩʦʤ̆ʩʧʧ˴  ̖

˾HEU10b˿   Van  Den  HeƢƹel˯  M˴  P˴˯  Mandl˯  R˴  C˴˯  Sƚam˯  C˴  J˴˯  Kahn˯  R˴  S˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Pol˯  H˴  E˴  H˴  ̀ʥʣʤʣ́˴  Abeƅƅanƚ  fƅonƚal  and  ƚemƂoƅal  comƂleƿ  neƚƺoƅk  ƍƚƅƢcƚƢƅe  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍchiǊoƂhƅeniaˮ  a  gƅaƂh  ƚheoƅeƚical  analǀƍiƍ˴   Journal  of  Neuroscienceˮ  30 ̀ʧʪ́˯  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̖

ʤʨʬʤʨ̆ʤʨʬʥʩ˴  ̖

˾HIL10˿  Hill˯  J˴˯  Indeƅ˯  T˴˯  Neil˯  J˴˯  Dieƅkeƅ˯  D˴˯  Haƅƺell˯  J˴˯  ͇   Van  Eƍƍen˯  D˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʤʣ́˴  Similaƅ  Ƃaƚƚeƅnƍ  of  coƅƚical  eƿƂanƍion  dƢƅing  hƢman  deƹeloƂmenƚ  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƹolƢƚion˴    Proceedings   of   the   National   Academy   of   Sciencesˮ   10ʩ ̀ʥʬ́˯   ʤʦʤʦʨ̆ʤʦʤʧʣ˴  ̖

˾HOU73˿   HoƢnƍǏeld˯  G˴  N˴  ̀ʤʬʪʦ́˴  ComƂƢƚeƅiǊed  ƚƅanƍƹeƅƍe  aƿial  ƍcanning  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ƚomogƅaƂhǀ́ˮ  Paƅƚ  ʤ˴  DeƍcƅiƂƚion  of  ƍǀƍƚem˴   The  British  journal  of  radiologyˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕

ʦʨ ̀ʨʨʥ́˯   ʤʣʤʩ̆ʤʣʥʥ˴  ̖

˾HOU02˿  HoƢdé˯  O˴˯  MaǊoǀeƅ˯  B˴˯  TǊoƢƅiŏMaǊoǀeƅ˯  N˴˯  ͇   Cƅiƹello˯  F˴  ̀ʥʣʣʥ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

CeƅƹeaƢ  eƚ  Ƃƍǀchologieˮ  InƚƅodƢcƚion  à  l˸imageƅie  céƅébƅale  anaƚomiƄƢe  eƚ  foncƚionnelle˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Pƅeƍƍeƍ   Ƣniƹeƅƍiƚaiƅeƍ   de   Fƅance˴  ̖

˾HOR95˿   HoƅƺiƚǊ˯  B˴˯  McInƚoƍh˯  A˴  R˴˯  Haƿbǀ˯  J˴  V˴ ˯  FƢƅeǀ˯  M˴˯  Saleƅno˯  J˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

A˴˯  SchaƂiƅo˯  M˴  B˴˯  ˴˴˴  ͇   Gƅadǀ˯  C˴  L˴  ̀ʤʬʬʨ́˴  Neƚƺoƅk  analǀƍiƍ  of  PET̆maƂƂed  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹiƍƢal  Ƃaƚhƺaǀƍ  in  AlǊheimeƅ  ƚǀƂe  demenƚia˴  In  Pƅoceedingƍ  of  ƚhe  Fiƅƍƚ  Inƚeƅnaƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Confeƅence   foƅ   FƢncƚional   MaƂƂing   of   ƚhe   HƢman   Bƅain˯   Paƅiƍ   P   ̀Vol˴   X˯   Ƃ˴   Ý˴  ̖

˾HUN18˿  HƢnƚenbƢƅg˯  J˴  M˴˯  BaǊin˯  P˴  L˴˯  ͇   MaƅgƢlieƍ˯  D˴  S˴  ̀ʥʣʤʫ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Laƅgĕƍcale  gƅadienƚƍ  in  hƢman  coƅƚical  oƅganiǊaƚion˴   Trends  in  cognitive  sciencesˮ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕

22 ̀ʤ́˯   ʥʤ̆ʦʤ˴  ̖

˾HYD95˿   Hǀde˯  J˴  S˴˯  Biƍƺal˯  B˴˯  Yeƚkin˯  F˴  Z˴˯  ͇   HaƢghƚon˯  V˴   M˴  ̀ʤʬʬʨ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

FƢncƚional  connecƚiƹiƚǀ  deƚeƅmined  fƅom  analǀƍiƍ  of  Ƃhǀƍiological  ǐƢcƚƢaƚionƍ  in  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʫʣ  ̖



 ̖

ƍeƅieƍ  of  echŏƂlanaƅ  imageƍ˴  In  Pƅoceedingƍ  of  ƚhe  Fiƅƍƚ  Inƚeƅnaƚional  Confeƅence  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

FƢncƚional   MaƂƂing   of   ƚhe   HƢman   Bƅain˯   Paƅiƍ   P   ̀Vol˴   X˯   Ƃ˴   Ý˴  ̖

˾ICN09˿  Inƚeƅnaƚional  Commiƍƍion  on  Non̆IoniǊing  Radiaƚion  Pƅoƚecƚion˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʣʬ́˴  Amendmenƚ  ƚo  ƚhe  ICNIRP  ̎ Sƚaƚemenƚ  on  medical  magneƚic  ƅeƍonance  ̀MŔ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅocedƢƅeƍˮ   Ƃƅoƚecƚion   of   Ƃaƚienƚƍ̏˴    Health   Physicsˮ   ʫʩ ̀ʦ́˯   ʥʨʬ̆ʥʩʤ˴  ̖

˾ING65˿  Ingƹaƅ˯  D˴  H˴˯  ͇   Riƍbeƅg˯  J˴  ̀ʤʬʩʨ́˴  InǐƢence  of  menƚal  acƚiƹiƚǀ  ƢƂon  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅegional  ceƅebƅal  blood  ǐoƺ  in  manˮ  a  Ƃƅeliminaƅǀ  ƍƚƢdǀ˴   Acta  Neurologica  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

Scandinavicaˮ   ʦ1 ̀Sʤʧ́˯   ʤʫʦ̆ʤʫʩ˴  ̖

˾JAM90˿   Jameƍ˯  W˴  ̀ʤʫʬʣ́˴   The  principles  of  psychology   ̀Vol˴  ʤ́˴  Neƺ  Yoƅk˯  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖

Henƅǀ   Holƚ   and   ComƂanǀ˴  ̖

˾JAM16˿  Jameƍ˯  G˴  A˴˯  HaǊaƅoglƢ˯  O˴˯  ͇   BƢƍh˯  K˴  A˴  ̀ʥʣʤʩ́˴  A  hƢman  bƅain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƚlaƍ  deƅiƹed  ƹia  n̆cƢƚ  Ƃaƅcellaƚion  of  ƅeƍƚinğƍƚaƚe  and  ƚaƍk̆baƍed  fMRI  daƚa˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Magnetic   resonance   imagingˮ   3ʦ ̀ʥ́˯   ʥʣʬ̆ʥʤʫ˴  ̖

˾JOH08˿  Johnƍƚon˯  J˴  M˴˯  Vaiƍhnaƹi˯  S˴  N˴˯  Smǀƚh˯  M˴  D˴˯  Zhang˯  D˴˯  He˯  B˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

J˴˯  ZemƂel˯  J˴  M˴˯  ˴˴˴  ͇   Raichle˯  M˴  E˴  ̀ʥʣʣʫ́˴  Loƍƍ  of  ƅeƍƚing  inƚeƅhemiƍƂheƅic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

fƢncƚional  connecƚiƹiƚǀ  afƚeƅ  comƂleƚe  ƍecƚion  of  ƚhe  coƅƂƢƍ  calloƍƢm˴   Journal  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
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F˴˯  ͇   VenƚƅĕDomineǀ˯  J˴  ̀ʥʣʤʨ́˴  Beǀond  ƚhe  ƺoƅd  and  imageˮ  chaƅacƚeƅiƍƚicƍ  of  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

common  meaning  ƍǀƍƚem  foƅ  langƢage  and  ƹiƍion  ƅeƹealed  bǀ  fƢncƚional  and  ƍƚƅƢcƚƢƅal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

imaging˴    NeuroImageˮ   10ʨ ˯   ʪʥ̆ʫʨ˴  ̖

˾JU20˿  JƢ˯  H˴˯  ͇   Baƍƍeƚƚ˯  D˴  S˴  ̀ʥʣʥʣ́˴  Dǀnamic  ƅeƂƅeƍenƚaƚionƍ  in  neƚƺoƅked  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅal   ƍǀƍƚemƍ˴    Nature   Neuroscience ˯   ʤ̆ʤʣ˴  ̖

˾KAI15˿  Kaiƍeƅ˯  R˴  H˴˯  Andƅeƺƍ̆Hanna˯  J˴  R˴˯  Wageƅ˯  T˴  D˴˯  ͇   PiǊǊagalli˯  D˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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ʦ12 ̀ʩʫʧʦ́˯   ʤʨʣ̆ʤʨʪ˴  ̖

˾LU12˿  LƢ˯  H˴˯  ZoƢ˯  Q˴˯  GƢ˯  H˴˯  Raichle˯  M˴  E˴˯  Sƚein˯  E˴  A˴˯  ͇   Yang˯  Y˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʤʥ́˴  Raƚ  bƅainƍ  alƍo  haƹe  a  defaƢlƚ  mode  neƚƺoƅk˴   Proceedings  of  the  National  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕

Academy   of   Sciencesˮ   10ʫ ̀ʤʣ́˯   ʦʬʪʬ̆ʦʬʫʧ˴  ̖

˾LUD10˿  LƢdeƅƍ˯  E˴˯  ThomƂƍon˯  P˴  M˴˯  ͇   Toga˯  A˴  W˴  ̀ʥʣʤʣ́˴  The  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƹeloƂmenƚ  of  ƚhe  coƅƂƢƍ  calloƍƢm  in  ƚhe  healƚhǀ  hƢman  bƅain˴  JoƢƅnal  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neuroscienceˮ   30 ̀ʦʦ́˯   ʤʣʬʫʨ̆ʤʣʬʬʣ˴  ̖

˾LYN10˿  Lǀnall˯  M˴  E˴˯  Baƍƍeƚƚ˯  D˴  S˴˯  Keƅƺin˯  R˴˯  McKenna˯  P˴  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

KiƚǊbichleƅ˯  M˴˯  MƢlleƅ˯  U˴˯  ͇   BƢllmoƅe˯  E˴  ̀ʥʣʤʣ́˴  FƢncƚional  connecƚiƹiƚǀ  and  bƅain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅkƍ   in   ƍchiǊoƂhƅenia˴    Journal   of   Neuroscienceˮ   30 ̀ʥʫ́˯   ʬʧʪʪ̆ʬʧʫʪ˴  ̖

˾MAN77˿   ManƍǏeld˯  P˴  ̀ʤʬʪʪ́˴  MƢlƚĭƂlanaƅ  image  foƅmaƚion  Ƣƍing  NMR  ƍƂin  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

echoeƍ˴    Journal   of   Physics   C˭   Solid   State   Physicsˮ   10 ̀ʦ́˯   Lʨʨ˴  ̖

˾MAR11a˿   Maƅkƅam˯  H˴˯  Meieƅ˯  K˴˯  LiƂƂeƅƚ˯  T˴˯  Gƅillneƅ˯  S˴˯  Fƅackoƺiak˯  R˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Dehaene˯  S˴˯  ˴˴˴  ͇   Gƅanƚ˯  S˴  ̀ʥʣʤʤ́˴  InƚƅodƢcing  ƚhe  hƢman  bƅain  Ƃƅojecƚ˴   Procedia  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Computer   Scienceˮ   ʩ ˯   ʦʬ̆ʧʥ˴  ̖

˾MAR11b˿   Maƅƍ˯  R˴  B˴˯  Jbabdi˯  S˴˯  Salleƚ˯  J˴˯  O˸Reillǀ˯  J˴  X˴˯  Cƅoƿƍon˯  P˴  L˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Oliƹieƅ˯  E˴˯  ˴˴˴  ͇   Behƅenƍ˯  T˴  E˴  ̀ʥʣʤʤ́˴  DiffƢƍion̆ƺeighƚed  imaging  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚƅacƚogƅaƂhǀ̆baƍed  Ƃaƅcellaƚion  of  ƚhe  hƢman  Ƃaƅieƚal  coƅƚeƿ  and  comƂaƅiƍon  ƺiƚh  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

hƢman  and  macaƄƢe  ƅeƍƚinğƍƚaƚe  fƢncƚional  connecƚiƹiƚǀ˴   Journal  of  Neuroscienceˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

31 ̀ʤʤ́˯   ʧʣʫʪ̆ʧʤʣʣ˴  ̖

˾MAR16˿   MaƅgƢlieƍ˯  D˴  S˴˯  Ghoƍh˯  S˴  S˴˯  GoƢlaƍ˯  A˴˯  FalkieƺicǊ˯  M˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

HƢnƚenbƢƅg˯  J˴  M˴˯  Langƍ˯  G˴˯  ˴˴˴  ͇   Jeffeƅieƍ˯  E˴  ̀ʥʣʤʩ́˴  SiƚƢaƚing  ƚhe  defaƢlƚ̆mode  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅk  along  a  ƂƅinciƂal  gƅadienƚ  of  macƅoƍcale  coƅƚical  oƅganiǊaƚion˴ Proceedings  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

the   National   Academy   of   Sciencesˮ   113 ̀ʧʧ́˯   ʤʥʨʪʧ̆ʤʥʨʪʬ˴  ̖

˾MAT78˿  MaƚƍƢi  T˯  Hiƅano  A˴   An  atlas  of  the  human  brain  for  computerized  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

tomography ˴   Neƺ   Yoƅkˮ   IgakƢ̆Shoin˯   ʤʬʪʫ˯   ʨʩʧ   ƂƂ˴  ̖

˾MAZ93˿   MaǊoǀeƅ˯  B˴  M˴˯  TǊoƢƅio˯  N˴˯  Fƅak˯  V˴ ˯  Sǀƅoƚa˯  A˴˯  MƢƅaǀama˯  N˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Leƹƅieƅ˯  O˴˯  ˴˴˴  ͇   Mehleƅ˯  J˴  ̀ʤʬʬʦ́˴  The  coƅƚical  ƅeƂƅeƍenƚaƚion  of  ƍƂeech˴   Journal  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

cognitive   neuroscienceˮ   ʧ ̀ʧ́˯   ʧʩʪ̆ʧʪʬ˴  ̖

ʤʫʧ  ̖



 ̖

˾MAZ01a˿   MaǊǊioƚƚa˯  J˴˯  Toga˯  A˴˯  Eƹanƍ˯  A˴˯  Foƿ˯  P˴˯  Lancaƍƚeƅ˯  J˴˯  Zilleƍ˯  K˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˴˴˴  ͇   MaǊoǀeƅ˯  B˴  ̀ʥʣʣʤ́˴  A  Ƃƅobabiliƍƚic  aƚlaƍ  and  ƅefeƅence  ƍǀƍƚem  foƅ  ƚhe  hƢman  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bƅainˮ  Inƚeƅnaƚional  ConƍoƅƚiƢm  foƅ  Bƅain  MaƂƂing  ̀ICBḾ˴   Philosophical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Transactions  of  the  Royal  Society  of  London˳  Series  B˭  Biological  Sciencesˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

3ʧʨ ̀ʤʧʤʥ́˯   ʤʥʬʦ̆ʤʦʥʥ˴  ̖

˾MAZ01b˿  MaǊoǀeƅ˯  B˴˯  Zago˯  L˴˯  Melleƚ˯  E˴˯  Bƅicogne˯  S˴˯  Eƚaƅd˯  O˴˯  HoƢdé˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

O˴˯  ˴˴˴  ͇   TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʣʤ́˴  Coƅƚical  neƚƺoƅkƍ  foƅ  ƺoƅking  memoƅǀ  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƿecƢƚiƹe  fƢncƚionƍ  ƍƢƍƚain  ƚhe  conƍcioƢƍ  ƅeƍƚing  ƍƚaƚe  in  man˴   Brain  research  bulletinˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

ʧʦ ̀ʦ́˯   ʥʫʪ̆ʥʬʫ˴  ̖

˾MAZ08˿  MaǊoǀeƅ˯  B˴  ̀ʥʣʣʫ́˴  Jean  Talaiƅach  ̀ʤʬʤʤ̆ʥʣʣʪ́ˮ  A  life  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚeƅeoƚaƿǀ˴    Human   brain   mappingˮ   2ʫ ̀ʥ́˯   ʥʨʣ˴  ̖

˾MAZ14˿   MaǊoǀeƅ˯  B˴˯  Zago˯  L˴˯  Jobaƅd˯  G˴˯  Cƅiƹello˯  F˴˯  Jolioƚ˯  M˴˯  Peƅcheǀ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

G˴˯  ˴˴˴  ͇   TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʧ́˴  GaƢƍƍian  miƿƚƢƅe  modeling  of  hemiƍƂheƅic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

laƚeƅaliǊaƚion  foƅ  langƢage  in  a  laƅge  ƍamƂle  of  healƚhǀ  indiƹidƢalƍ  balanced  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

handedneƍƍ˴    PloS   oneˮ   ʫ ̀ʩ́˯   eʤʣʤʤʩʨ˴  ̖

˾MAZ16˿  MaǊoǀeƅ˯  B˴˯  Melleƚ˯  E˴˯  Peƅcheǀ˯  G˴˯  Zago˯  L˴˯  Cƅiƹello˯  F˴˯  Jobaƅd˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

G˴˯  ˴˴˴  ͇   Jolioƚ˯  M˴  ̀ʥʣʤʩ́˴  BIL͇GINˮ  a  neƢƅoimaging˯  cogniƚiƹe˯  behaƹioƅal˯  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

geneƚic  daƚabaƍe  foƅ  ƚhe  ƍƚƢdǀ  of  hƢman  bƅain  laƚeƅaliǊaƚion˴  Neuroimageˮ  12ʦ ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̖

ʤʥʥʨ̆ʤʥʦʤ˴  ̖

˾MCG83˿  McGilƹeƅǀ  RW˯  Goldƍƚein  GW˴  ʤʬʫʦ˴  Biochemiƍƚƅǀˮ  A  FƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

AƂƂƅoach˴   PhiladelƂhiaˮ   SaƢndeƅƍ˴  ̖

˾MCK98˿   McKeoƺn˯  M˴  J˴˯  Makeig˯  S˴˯  Bƅoƺn˯  G˴  G˴˯  JƢng˯  T˴  P˴˯  Kindeƅmann˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

S˴  S˴˯  Bell˯  A˴  J˴˯  ͇   Sejnoƺƍki˯  T˴  J˴  ̀ʤʬʬʫ́˴  Analǀƍiƍ  of  fMRI  daƚa  bǀ  blind  ƍeƂaƅaƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚo   indeƂendenƚ   ƍƂaƚial   comƂonenƚƍ˴    Human   brain   mappingˮ   ʨ ̀ʦ́˯   ʤʩʣ̆ʤʫʫ˴  ̖

˾MCK10˿  McKenna˯  A˴˯  Hanna˯  M˴˯  Bankƍ˯  E˴˯  Siƹachenko˯  A˴˯  CibƢlƍkiƍ˯  K˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Keƅnǀƚƍkǀ˯  A˴˯  ˴˴˴  ͇   DePƅiƍƚo˯  M˴  A˴  ̀ʥʣʤʣ́˴  The  Genome  Analǀƍiƍ  Toolkiƚˮ  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MaƂRedƢce  fƅameƺoƅk  foƅ  analǀǊing  neƿƚ̆geneƅaƚion  DNA  ƍeƄƢencing  daƚa˴   Genome  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

researchˮ   20 ̀ʬ́˯   ʤʥʬʪ̆ʤʦʣʦ˴  ̖

˾MEL98˿   Melleƚ˯  E˴˯  TǊoƢƅio˯  N˴˯  Deniƍ˯  M˴˯  ͇   MaǊoǀeƅ˯  B˴  ̀ʤʬʬʫ́˴  Coƅƚical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

anaƚomǀ  of  menƚal  imageƅǀ  of  concƅeƚe  noƢnƍ  baƍed  on  ƚheiƅ  dicƚionaƅǀ  deǏniƚion˴ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neuroreportˮ   ʫ ̀ʨ́˯   ʫʣʦ̆ʫʣʫ˴  ̖

ʤʫʨ  ̖



 ̖

˾MEN11˿  Menneƍ˯  M˴˯  ZƢo˯  X˴  N˴˯  Kellǀ˯  C˴˯  Di  Maƅƚino˯  A˴˯  Zang˯  Y˴  F˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Biƍƺal˯  B˴˯  ˴˴˴  ͇   Milham˯  M˴  P˴  ̀ʥʣʤʤ́˴  Linking  inƚeƅ̆indiƹidƢal  diffeƅenceƍ  in  neƢƅal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

acƚiƹaƚion   and   behaƹioƅ   ƚo   inƚƅinƍic   bƅain   dǀnamicƍ˴   NeƢƅoimage˯   ʨʧ̀ʧ́˯   ʥʬʨʣ̆ʥʬʨʬ˴  ̖

˾MEN12˿   Menneƍ˯  M˴˯  Kellǀ˯  C˴˯  Colcombe˯  S˴˯  Caƍƚellanoƍ˯  F˴  X˴˯  ͇   Milham˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴  P˴  ̀ʥʣʤʦ́˴  The  eƿƚƅinƍic  and  inƚƅinƍic  fƢncƚional  aƅchiƚecƚƢƅeƍ  of  ƚhe  hƢman  bƅain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅe   noƚ   eƄƢiƹalenƚ˴    Cerebral   cortexˮ   23 ̀ʤ́˯   ʥʥʦ̆ʥʥʬ˴ ̖

˾MEN13˿  Menneƍ˯  M˴˯  Kellǀ˯  C˴˯  Colcombe˯  S˴˯  Caƍƚellanoƍ˯  F˴  X˴˯  ͇   Milham˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴  P˴  ̀ʥʣʤʦ́˴  The  eƿƚƅinƍic  and  inƚƅinƍic  fƢncƚional  aƅchiƚecƚƢƅeƍ  of  ƚhe  hƢman  bƅain  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅe   noƚ   eƄƢiƹalenƚ˴    Cerebral   cortexˮ   23 ̀ʤ́˯   ʥʥʦ̆ʥʥʬ˴ ̖

˾MER14˿  Meƅƅien˯  J˴˯  Le  BƅƢn˯  D˴˯  DƢƹal˯  B˴˯  ͇   Le  BƅƢn˯  D˴  ̀ʥʣʤʧ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Dictionnaire   de   la   mer˭   savoir̅faireˮ   traditionsˮ   vocabulaireˮ   techniques ˴   OmnibƢƍ˴  ̖

˾MES90˿   MeƍƢlam˯  M˴  M˴  ̀ʤʬʬʣ́˴  Laƅgėƍcale  neƢƅocogniƚiƹe  neƚƺoƅkƍ  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍƚƅibƢƚed  Ƃƅoceƍƍing  foƅ  aƚƚenƚion˯  langƢage˯  and  memoƅǀ˴   Annals  of  Neurology˭  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕

Official  Journal  of  the  American  Neurological  Association  and  the  Child  Neurology  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕

Societyˮ   2ʪ ̀ʨ́˯   ʨʬʪ̆ʩʤʦ˴  ̖

˾MES98˿   MeƍƢlam˯  M˴  M˴  ̀ʤʬʬʫ́˴  Fƅom  ƍenƍaƚion  ƚo  cogniƚion˴   Brain˭  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

journal   of   neurologyˮ   121 ̀ʩ́˯   ʤʣʤʦ̆ʤʣʨʥ˴  ̖

˾MES00˿   MeƍƢlam˯  M˴  M˴  ̀ʥʣʣʣ́˴  PƅinciƂleƍ  of  behaƹioƅal  and  cogniƚiƹe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƢƅologǀ˴   Oƿfoƅd   Uniƹeƅƍiƚǀ   Pƅeƍƍ˴  ̖

˾MES14˿  MeƍƢlam˯  M˴  M˴˯  Rogalƍki˯  E˴  J˴˯  Wieneke˯  C˴˯  HƢƅleǀ˯  R˴  S˴˯  GeƢla˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

C˴˯  Bigio˯  E˴  H˴˯  ˴˴˴  ͇   WeinƚƅaƢb˯  S˴  ̀ʥʣʤʧ́˴  Pƅimaƅǀ  Ƃƅogƅeƍƍiƹe  aƂhaƍia  and  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƹolƹing   neƢƅologǀ   of   ƚhe   langƢage   neƚƺoƅk˴    Nature   Reviews   Neurologyˮ   10 ̀ʤʣ́˯   ʨʨʧ˴  ̖

˾MES20˿  Meƍƍé˯  A˴  ̀ʥʣʥʣ́˴  Paƅcellaƚion  inǐƢence  on  ƚhe  connecƚiƹiƚǀ̇baƍed  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƅƢcƚƢƅẽfƢncƚion  ƅelaƚionƍhiƂ  in  ƚhe  hƢman  bƅain˴   Human  Brain  Mappingˮ  ʦ1 ̀ʨ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̖

ʤʤʩʪ̆ʤʤʫʣ˴  ̖

˾MIC12˿  Michel˯  V˴ ˯  Gƅamfoƅƚ˯  A˴˯  VaƅoƄƢaƢƿ˯  G˴˯  Egeƅ˯  E˴˯  Keƅibin˯  C˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Thiƅion˯  B˴  ̀ʥʣʤʥ́˴  A  ƍƢƂeƅƹiƍed  clƢƍƚeƅing  aƂƂƅoach  foƅ  fMRĬbaƍed  infeƅence  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

bƅain   ƍƚaƚeƍ˴   Paƚƚeƅn   Recogniƚion˯   ʧʨ̀ʩ́˯   ʥʣʧʤ̆ʥʣʧʬ˴  ̖

˾MIL16˿   Milleƅ˯  K˴  L˴˯  AlfaƅŏAlmagƅo˯  F˴˯  Bangeƅƚeƅ˯  N˴  K˴˯  Thomaƍ˯  D˴  L˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

YacoƢb˯  E˴˯  XƢ˯  J˴˯  ˴˴˴  ͇   Gƅiffanƚi˯  L˴  ̀ʥʣʤʩ́˴  MƢlƚimodal  ƂoƂƢlaƚion  bƅain  imaging  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚhe  UK  Biobank  ƂƅoƍƂecƚiƹe  eƂidemiological  ƍƚƢdǀ˴   Nature  neuroscienceˮ  1ʫ ̀ʤʤ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̖

ʤʨʥʦ˴  ̖

ʤʫʩ  ̖



 ̖

˾MOL19˿  Mollink˯  J˴˯  Smiƚh˯  S˴  M˴˯  Ellioƚƚ˯  L˴  T˴˯  KleinnijenhƢiƍ˯  M˴˯  Hiemƍƚƅa˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴˯  AlfaƅŏAlmagƅo˯  F˴˯  ˴˴˴  ͇   Milleƅ˯  K˴  L˴  ̀ʥʣʤʬ́˴  The  ƍƂaƚial  coƅƅeƍƂondence  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

geneƚic  inǐƢence  of  inƚeƅhemiƍƂheƅic  connecƚiƹiƚǀ  ƺiƚh  ƺhiƚe  maƚƚeƅ  micƅoƍƚƅƢcƚƢƅe˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Nature   neuroscienceˮ   22 ̀ʨ́˯   ʫʣʬ̆ʫʤʬ˴  ̖

˾MOS80˿   Moƍƍo  A  ̀ʤʫʫʣ́  SƢlla  ciƅcolaǊione  del  ƍangƢe  nel  ceƅƹello  dell̑Ƣomo˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Atti   della   R   Acad   Lincei   Mem   Cl   Sci   Fis   Mat   Nat   III ˮʥʦʪ̃ʦʨʫ  ̖

˾MUE13˿  MƢelleƅ˯  S˴˯  Wang˯  D˴˯  Foƿ˯  M˴  D˴˯  Yeo˯  B˴  T˴˯  SeƂƢlcƅe˯  J˴˯  SabƢncƢ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴  R˴˯  ˴˴˴  ͇   LiƢ˯  H˴  ̀ʥʣʤʦ́˴  IndiƹidƢal  ƹaƅiabiliƚǀ  in  fƢncƚional  connecƚiƹiƚǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƅchiƚecƚƢƅe   of   ƚhe   hƢman   bƅain˴    Neuronˮ   ʩʩ ̀ʦ́˯   ʨʫʩ̆ʨʬʨ˴  ̖

˾NAK04˿  Nakagaƺa˯  S˴  ̀ʥʣʣʧ́˴  A  faƅeƺell  ƚo  Bonfeƅƅoniˮ  ƚhe  Ƃƅoblemƍ  of  loƺ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚaƚiƍƚical   Ƃoƺeƅ   and   ƂƢblicaƚion   biaƍ˴    Behavioral   ecologyˮ   1ʧ ̀ʩ́˯   ʤʣʧʧ̆ʤʣʧʨ˴  ̖

˾NAS09˿  Naƍelaƅiƍ˯  T˴˯  Pƅengeƅ˯  R˴  J˴˯  Kaǀ˯  K˴  N˴˯  Oliƹeƅ˯  M˴˯  ͇   Gallanƚ˯  J˴  L˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʣʬ́˴  Baǀeƍian  ƅeconƍƚƅƢcƚion  of  naƚƢƅal  imageƍ  fƅom  hƢman  bƅain  acƚiƹiƚǀ˴   Neuronˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

ʨ3 ̀ʩ́˯   ʬʣʥ̆ʬʤʨ˴  ̖

˾NAV12˿   NaƹeaƢ˯  M˴˯  DoƢceƚ˯  G˴˯  Delcƅoiƿ˯  N˴˯  Peƚiƚ˯  L˴˯  Zago˯  L˴˯  Cƅiƹello˯  F˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

˴˴˴  ͇   Jolioƚ˯  M˴  ̀ʥʣʤʥ́˴  A  noƹel  gƅoƢƂ  ICA  aƂƂƅoach  baƍed  on  mƢlƚĭƍcale  indiƹidƢal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

comƂonenƚ  clƢƍƚeƅing˴  aƂƂlicaƚion  ƚo  a  laƅge  ƍamƂle  of  fMRI  daƚa˴   Neuroinformaticsˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

10 ̀ʦ́˯   ʥʩʬ̆ʥʫʨ˴  ̖

˾NIU20˿   NiƢ˯  C˴˯  Cohen˯  A˴  D˴˯  Wen˯  X˴˯  Chen˯  Z˴˯  Lin˯  P˴˯  LiƢ˯  X˴˯  ˴˴˴  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Zhang˯  M˴  ̀ʥʣʥʣ́˴  Modeling  moƚoƅ  ƚaƍk  acƚiƹaƚion  fƅom  ƅeƍƚinğƍƚaƚe  fMRI  Ƣƍing  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

machine   leaƅning   in   indiƹidƢal   ƍƢbjecƚƍ˴    Brain   Imaging   and   Behavior ˯   ʤ̆ʤʤ˴  ̖

˾OCH16˿  OchoăReƂáƅaǊ˯  J˴˯  ͇   KaƍƂeƅ˯  L˴  H˴  ̀ʥʣʤʩ́˴  The  ƍecond  bƅainˮ  iƍ  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

gƢƚ  micƅobioƚa  a  link  beƚƺeen  obeƍiƚǀ  and  cenƚƅal  neƅƹoƢƍ  ƍǀƍƚem  diƍoƅdeƅƍ˵˴   Current  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

obesity   reportsˮ   ʧ ̀ʤ́˯   ʨʤ̆ʩʧ˴  ̖

˾OGA92˿   Ogaƺa˯  S˴˯  Tank˯  D˴  W˴˯  Menon˯  R˴˯  Elleƅmann˯  J˴  M˴˯  Kim˯  S˴  G˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Meƅkle˯  H˴˯  ͇   UgƢƅbil˯  K˴  ̀ʤʬʬʥ́˴  Inƚƅinƍic  ƍignal  changeƍ  accomƂanǀing  ƍenƍoƅǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚimƢlaƚionˮ  fƢncƚional  bƅain  maƂƂing  ƺiƚh  magneƚic  ƅeƍonance  imaging˴   Proceedings  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

the   National   Academy   of   Sciencesˮ   ʪʫ ̀ʤʦ́˯   ʨʬʨʤ̆ʨʬʨʨ˴  ̖

˾OLS19˿  Olƍon˯  Eƅic  T˴˯  ˷  Peƅƍonal  Idenƚiƚǀ ˷ ˯  The  Sƚanfoƅd  EncǀcloƂedia  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

PhiloƍoƂhǀ   ̀Fall   ʥʣʤʬ   Ediƚioń˯   Edƺaƅd   N˴   Zalƚa   ̀ed˴́˴  ̖

ʤʫʪ  ̖

https://plato.stanford.edu/archives/fall2019/entries/identity-personal/


 ̖

˾OPS10˿   OƂƍahl˯  T˴˯  Agneeƍƍenƍ˯  F˴˯  ͇   SkƹoƅeƚǊ˯  J˴  ̀ʥʣʤʣ́˴  Node  cenƚƅaliƚǀ  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƺeighƚed  neƚƺoƅkƍˮ  GeneƅaliǊing  degƅee  and  ƍhoƅƚeƍƚ  Ƃaƚhƍ˴   Social  networksˮ  32 ̀ʦ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̖

ʥʧʨ̆ʥʨʤ˴  ̖

˾ORB15˿   Oƅban˯  P˴˯  Doǀon˯  J˴˯  Peƚƅideƍ˯  M˴˯  Menneƍ˯  M˴˯  Hoge˯  R˴˯  ͇   Bellec˯  P˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʤʨ́˴  The  ƅichneƍƍ  of  ƚaƍk̆eƹoked  hemodǀnamic  ƅeƍƂonƍeƍ  deǏneƍ  a  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƍeƢdohieƅaƅchǀ  of  fƢncƚionallǀ  meaningfƢl  bƅain  neƚƺoƅkƍ˴  Ceƅebƅal  coƅƚeƿ˯  ʥʨ̀ʬ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʥʩʨʫ̆ʥʩʩʬ˴  ̖

˾PAR19˿   Paƅkeƅ˯  D˴  B˴˯  ͇   RaǊlighi˯  Q˴  R˴  ̀ʥʣʤʬ́˴  Taƍk̆eƹoked  Negaƚiƹe  BOLD  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ReƍƂonƍe  and  FƢncƚional  Connecƚiƹiƚǀ  in  ƚhe  DefaƢlƚ  Mode  Neƚƺoƅk  aƅe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ReƂƅeƍenƚaƚiƹe  of  Tƺo  OƹeƅlaƂƂing  bƢƚ  SeƂaƅaƚe  NeƢƅoƂhǀƍiological  Pƅoceƍƍeƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Scientific   reportsˮ   ʫ ˴  ̖

˾PAU36˿   PaƢling˯  L˴˯  ͇   Coƅǀell˯  C˴  D˴  ̀ʤʬʦʩ́˴  The  magneƚic  ƂƅoƂeƅƚieƍ  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚƅƢcƚƢƅe  of  hemoglobin˯  oƿǀhemoglobin  and  caƅbonmonoƿǀhemoglobin˴   Proceedings  of  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

the   National   Academy   of   Sciencesˮ   22 ̀ʧ́˯   ʥʤʣ̆ʥʤʩ˴  ̖

˾PED11˿  Pedƅegoƍa˯  F˴˯  VaƅoƄƢaƢƿ˯  G˴˯  Gƅamfoƅƚ˯  A˴˯  Michel˯  V˴ ˯  Thiƅion˯  B˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Gƅiƍel˯  O˴˯  ˴˴˴  ͇   VandeƅƂlaƍ˯  J˴  ̀ʥʣʤʤ́˴  Scikiƚ̆leaƅnˮ  Machine  leaƅning  in  Pǀƚhon˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Journal   of   machine   learning   researchˮ   12 ̀Ocƚ́˯   ʥʫʥʨ̆ʥʫʦʣ˴  ̖

˾PEN11˿  Pennǀ˯  W˴  D˴˯  Fƅiƍƚon˯  K˴  J˴˯  AƍhbƢƅneƅ˯  J˴  T˴˯  Kiebel˯  S˴  J˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Nicholƍ˯  T˴  E˴  ̀Edƍ˴́˴  ̀ʥʣʤʤ́˴  Statistical  parametric  mapping˭  the  analysis  of  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕

functional   brain   images ˴   Elƍeƹieƅ˴  ̖

˾PER15˿  Peƅneƚ˯  C˴  R˴˯  McAleeƅ˯  P˴˯  LaƚinƢƍ˯  M˴˯  Goƅgoleƺƍki˯  K˴  J˴˯  Chaƅeƍƚ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

I˴˯  Beƍƚelmeǀeƅ˯  P˴  E˴˯  ˴˴˴  ͇   Belin˯  P˴  ̀ʥʣʤʨ́˴  The  hƢman  ƹoice  aƅeaƍˮ  SƂaƚial  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

oƅganiǊaƚion  and  inƚeƅ̆indiƹidƢal  ƹaƅiabiliƚǀ  in  ƚemƂoƅal  and  eƿƚƅăƚemƂoƅal  coƅƚiceƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neuroimageˮ   11ʫ ˯   ʤʩʧ̆ʤʪʧ˴  ̖

˾PET78˿  Peƚeƅƍ˯  M˴˯  ͇   DƢƅding˯  B˴  M˴  ̀ʤʬʪʫ́˴  Handedneƍƍ  meaƍƢƅed  bǀ  Ǐngeƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƚaƂƂingˮ  A  conƚinƢoƢƍ  ƹaƅiable˴   Canadian  Journal  of  Psychology˹Revue  canadienne  de  ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕

psychologieˮ   32 ̀ʧ́˯   ʥʨʪ˴  ̖

˾PET88˿   Peƚeƅƍen˯  S˴  E˴˯  Foƿ˯  P˴  T˴˯  Poƍneƅ˯  M˴  I˴˯  MinƚƢn˯  M˴˯  ͇   Raichle˯  M˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

E˴  ̀ʤʬʫʫ́˴  Poƍiƚƅon  emiƍƍion  ƚomogƅaƂhic  ƍƚƢdieƍ  of  ƚhe  coƅƚical  anaƚomǀ  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍinglĕƺoƅd   Ƃƅoceƍƍing˴    Natureˮ   331 ̀ʩʤʨʪ́˯   ʨʫʨ̆ʨʫʬ˴  ̖

ʤʫʫ  ̖



 ̖

˾PET96˿  Peƚiƚ˯  L˴˯  OƅƍƍaƢd˯  C˴˯  TǊoƢƅio˯  N˴˯  Cƅiƹello˯  F˴˯  BeƅƚhoǊ˯  A˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

MaǊoǀeƅ˯  B˴  ̀ʤʬʬʩ́˴  FƢncƚional  anaƚomǀ  of  a  Ƃƅeleaƅned  ƍeƄƢence  of  hoƅiǊonƚal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍaccadeƍ   in   hƢmanƍ˴    Journal   of   Neuroscienceˮ   1ʨ ̀ʤʤ́˯   ʦʪʤʧ̆ʦʪʥʩ˴  ̖

˾PIN04˿   PinaƢlƚ˯  D˴  ̀ʥʣʣʧ́˴  The  ƚhalamic  ƅeƚicƢlaƅ  nƢcleƢƍˮ  ƍƚƅƢcƚƢƅe˯  fƢncƚion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

and   conceƂƚ˴   Bƅain   ƅeƍeaƅch   ƅeƹieƺƍ˯   ʧʩ̀ʤ́˯   ʤ̆ʦʤ˴  ̖

˾POL11˿   Poldƅack˯  R˴  A˴˯  MƢmfoƅd˯  J˴  A˴˯  ͇   Nicholƍ˯  T˴  E˴  ̀ʥʣʤʤ́˴  Handbook  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

of   fƢncƚional   MRI   daƚa   analǀƍiƍ˴   Cambƅidge   Uniƹeƅƍiƚǀ   Pƅeƍƍ˴  ̖

˾POL18˿   Poldƅack˯  R˴  A˴  ̀ʥʣʤʫ́˴  The  neƺ  mind  ƅeadeƅƍˮ  Whaƚ  neƢƅoimaging  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

can   and   cannoƚ   ƅeƹeal   aboƢƚ   oƢƅ   ƚhoƢghƚƍ˴   Pƅinceƚon   Uniƹeƅƍiƚǀ   Pƅeƍƍ˴  ̖

˾POP09˿   PoƂa˯  D˴˯  PoƂeƍcƢ˯  A˴  T˴˯  ͇   Paƅé˯  D˴  ̀ʥʣʣʬ́˴  Conƚƅaƍƚing  acƚiƹiƚǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoǏle  of  ƚƺo  diƍƚƅibƢƚed  coƅƚical  neƚƺoƅkƍ  aƍ  a  fƢncƚion  of  aƚƚenƚional  demandƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Journal   of   Neuroscienceˮ   2ʫ ̀ʧ́˯   ʤʤʬʤ̆ʤʥʣʤ˴  ̖

˾POS88˿  Poƍneƅ˯  M˴  I˴˯  Peƚeƅƍen˯  S˴  E˴˯  Foƿ˯  P˴  T˴˯  ͇   Raichle˯  M˴  E˴  ̀ʤʬʫʫ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
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10ʩ ̀ʥʧ́˯   ʤʤʣʥʣ̆ʤʤʣʥʨ˴  ̖

˾SHE13˿   Shen˯  X˴˯  TokoglƢ˯  F˴˯  PaƂademeƚƅiƍ˯  X˴˯  ͇   Conƍƚable˯  R˴  T˴  ̀ʥʣʤʦ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

GƅoƢƂƺiƍe  ƺholĕbƅain  Ƃaƅcellaƚion  fƅom  ƅeƍƚinğƍƚaƚe  fMRI  daƚa  foƅ  neƚƺoƅk  node  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

idenƚiǏcaƚion˴    Neuroimageˮ   ʪ2 ˯   ʧʣʦ̆ʧʤʨ˴  ̖

˾SHI00˿   Shi˯  J˴˯  ͇   Malik˯  J˴  ̀ʥʣʣʣ́˴  NoƅmaliǊed  cƢƚƍ  and  image  ƍegmenƚaƚion˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

IEEE   Transactions   on   pattern   analysis   and   machine   intelligenceˮ   22 ̀ʫ́˯   ʫʫʫ̆ʬʣʨ˴  ̖

˾SHI12˿  Shiƅeƅ˯  W˴  R˴˯  Rǀali˯  S˴˯  Rǀkhleƹƍkaia˯  E˴˯  Menon˯  V˴ ˯  ͇   GƅeiciƢƍ˯  M˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

D˴  ̀ʥʣʤʥ́˴  Decoding  ƍƢbjecƚ̆dƅiƹen  cogniƚiƹe  ƍƚaƚeƍ  ƺiƚh  ƺholĕbƅain  connecƚiƹiƚǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃaƚƚeƅnƍ˴    Cerebral   cortexˮ   22 ̀ʤ́˯   ʤʨʫ̆ʤʩʨ˴  ̖

˾SHU97˿  ShƢlman˯  G˴  L˴˯  FieǊ˯  J˴  A˴˯  Coƅbeƚƚa˯  M˴˯  BƢckneƅ˯  R˴  L˴˯  MieǊin˯  F˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

M˴˯  Raichle˯  M˴  E˴˯  ͇   Peƚeƅƍen˯  S˴  E˴  ̀ʤʬʬʪ́˴  Common  blood  ǐoƺ  changeƍ  acƅoƍƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƹiƍƢal  ƚaƍkƍˮ  II˴  Decƅeaƍeƍ  in  ceƅebƅal  coƅƚeƿ˴   Journal  of  cognitive  neuroscienceˮ  ʫ ̀ʨ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̖

ʩʧʫ̆ʩʩʦ˴  ̖

˾SHU04˿ ShƢlman˯  R˴  G˴˯  Roƚhman˯  D˴  L˴˯  Behaƅ˯  K˴  L˴˯  ͇   Hǀdeƅ˯  F˴  ̀ʥʣʣʧ́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Eneƅgeƚic  baƍiƍ  of  bƅain  acƚiƹiƚǀˮ  imƂlicaƚionƍ  foƅ  neƢƅoimaging˴   Trends  in  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕

neurosciencesˮ   2ʩ ̀ʫ́˯   ʧʫʬ̆ʧʬʨ˴  ̖

˾SJØ20˿  Sjøgåƅd˯  M˴˯  BoƢƅgƢignon˯  M˴˯  Coƍƚeƅƍ˯  L˴˯  DƢmiƚƅeƍcƢ˯  A˴˯  Coolen˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

T˴˯  RoƍhchƢƂkina˯  L˴˯  ˴˴˴  ͇   Van  ScheƂendom˯  J˴  ̀ʥʣʥʣ́˴  Inƚƅinƍic˺eƿƚƅinƍic  dƢaliƚǀ  of  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

laƅgĕƍcale   neƢƅal   fƢncƚional   inƚegƅaƚion   in   ƚhe   hƢman   bƅain˴    bioRxiv ˴  ̖

˾SMI04˿   Smiƚh˯  S˴  M˴˯  Jenkinƍon˯  M˴˯  Woolƅich˯  M˴  W˴˯  Beckmann˯  C˴  F˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Behƅenƍ˯  T˴  E˴˯  Johanƍen̆Beƅg˯  H˴˯  ˴˴˴  ͇   NiaǊǀ˯  R˴  K˴  ̀ʥʣʣʧ́˴  Adƹanceƍ  in  fƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

and  ƍƚƅƢcƚƢƅal  MR  image  analǀƍiƍ  and  imƂlemenƚaƚion  aƍ  FSL˴   Neuroimageˮ  23 ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖

Sʥʣʫ̆Sʥʤʬ˴  ̖

˾SMI09˿   Smiƚh˯  S˴  M˴˯  Foƿ˯  P˴  T˴˯  Milleƅ˯  K˴  L˴˯  Glahn˯  D˴  C˴˯  Foƿ˯  P˴  M˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Mackaǀ˯  C˴  E˴˯  ˴˴˴  ͇   Beckmann˯  C˴  F˴  ̀ʥʣʣʬ́˴  CoƅƅeƍƂondence  of  ƚhe  bƅain˸ƍ  fƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʬʥ  ̖



 ̖

aƅchiƚecƚƢƅe  dƢƅing  acƚiƹaƚion  and  ƅeƍƚ˴   Proceedings  of  the  National  Academy  of  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕

Sciencesˮ   10ʨ ̀ʦʤ́˯   ʤʦʣʧʣ̆ʤʦʣʧʨ˴  ̖

˾SMI13˿  Smiƚh˯  S˴  M˴˯  Beckmann˯  C˴  F˴˯  Andeƅƍƍon˯  J˴˯  AƢeƅbach˯  E˴  J˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Bijƍƚeƅboƍch˯  J˴˯  DoƢaƢd˯  G˴˯  ˴˴˴  ͇   Kellǀ˯  M˴  ̀ʥʣʤʦ́˴  Reƍƚinğƍƚaƚe  fMRI  in  ƚhe  hƢman  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚome   Ƃƅojecƚ˴    Neuroimageˮ   ʪ0 ˯   ʤʧʧ̆ʤʩʫ˴  ̖

˾SNE73˿   Sneaƚh  PH˯  Sokal  RR  ̀ʤʬʪʦ́   Numerical  taxonomy ˴  The  ƂƅinciƂleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖ ̖ ̖

and  Ƃƅacƚice  of  nƢmeƅical  claƍƍiǏcaƚion  ̀a  ƍeƅieƍ  of  bookƍ  in  biologǀ́˯  ƹol  ʨʪʦ˴  WF  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Fƅeeman   and   Co˴˯   San   Fƅanciƍco˴  ̖

˾SPE18˿  SƂenceƅ˯  N˴  J˴˯  Hibbeƅd˯  T˴  J˴˯  Tƅaƹiƍ˯  L˴˯  Wiklendƚ˯  L˴˯  Coƍƚa˯  M˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

HƢ˯  H˴˯  ˴˴˴  ͇   Soƅenƍen˯  J˴  ̀ʥʣʤʫ́˴  IdenƚiǏcaƚion  of  a  ƅhǀƚhmic  Ǐƅing  Ƃaƚƚeƅn  in  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

enƚeƅic  neƅƹoƢƍ  ƍǀƍƚem  ƚhaƚ  geneƅaƚeƍ  ƅhǀƚhmic  elecƚƅical  acƚiƹiƚǀ  in  ƍmooƚh  mƢƍcle˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Journal   of   Neuroscienceˮ   3ʪ ̀ʥʧ́˯   ʨʨʣʪ̆ʨʨʥʥ˴  ̖

˾SPO05˿  SƂoƅnƍ˯  O˴˯  Tononi˯  G˴˯  ͇   Köƚƚeƅ˯  R˴  ̀ʥʣʣʨ́˴  The  hƢman  connecƚomeˮ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

a   ƍƚƅƢcƚƢƅal   deƍcƅiƂƚion   of   ƚhe   hƢman   bƅain˴    PLoS   Comput   Biolˮ   1 ̀ʧ́˯   eʧʥ˴  ̖

˾SPO07˿  SƂoƅnƍ˯  O˴˯  Honeǀ˯  C˴  J˴˯  ͇   Köƚƚeƅ˯  R˴  ̀ʥʣʣʪ́˴  IdenƚiǏcaƚion  and  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

claƍƍiǏcaƚion   of   hƢbƍ   in   bƅain   neƚƺoƅkƍ˴    PloS   oneˮ   2 ̀ʤʣ́˯   eʤʣʧʬ˴  ̖

˾SPO11˿   SƂoƅnƍ˯  O˴  ̀ʥʣʤʤ́˴  The  hƢman  connecƚomeˮ  a  comƂleƿ  neƚƺoƅk˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Annals   of   the   New   York   Academy   of   Sciencesˮ   122ʦ ̀ʤ́˯   ʤʣʬ̆ʤʥʨ˴  ̖

˾SPRE10˿   SƂƅeng˯  R˴  N˴˯  Sƚeƹenƍ˯  W˴  D˴˯  Chambeƅlain˯  J˴  P˴˯  Gilmoƅe˯  A˴  W˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

͇  Schacƚeƅ˯  D˴  L˴  ̀ʥʣʤʣ́˴  DefaƢlƚ  neƚƺoƅk  acƚiƹiƚǀ˯  coƢƂled  ƺiƚh  ƚhe  fƅonƚoƂaƅieƚal  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƚƅol   neƚƺoƅk˯   ƍƢƂƂoƅƚƍ   goal̆diƅecƚed   cogniƚion˴    Neuroimageˮ   ʧ3 ̀ʤ́˯   ʦʣʦ̆ʦʤʪ˴  ̖

˾STA08˿  Sƚaƅk˯  D˴  E˴˯  MaƅgƢlieƍ˯  D˴  S˴˯  ShehǊad˯  Z˴  E˴˯  Reiƍƍ˯  P˴˯  Kellǀ˯  A˴  C˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Uddin˯  L˴  Q˴˯  ˴˴˴  ͇   Milham˯  M˴  P˴  ̀ʥʣʣʫ́˴  Regional  ƹaƅiaƚion  in  inƚeƅhemiƍƂheƅic  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cooƅdinaƚion  of  inƚƅinƍic  hemodǀnamic  ǐƢcƚƢaƚionƍ˴   Journal  of  Neuroscienceˮ  2ʪ ̀ʨʤ́˯  ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̖

ʤʦʪʨʧ̆ʤʦʪʩʧ˴  ̖

˾STA14˿   Sƚaffoƅd˯  J˴  M˴˯  Jaƅƅeƚƚ˯  B˴  R˴˯  MiƅandăDomingƢeǊ˯  O˴˯  Millƍ˯  B˴  D˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Cain˯  N˴˯  Mihalaƍ˯  S˴˯  ˴˴˴  ͇   Fƅǀeƅ˯  J˴  D˴  ̀ʥʣʤʧ́˴  Laƅgĕƍcale  ƚoƂologǀ  and  ƚhe  defaƢlƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

mode  neƚƺoƅk  in  ƚhe  moƢƍe  connecƚome˴ Proceedings  of  the  National  Academy  of  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕ ̕ ̕ ̕

Sciencesˮ   111 ̀ʨʥ́˯   ʤʫʪʧʨ̆ʤʫʪʨʣ˴  ̖

˾STE56˿  SƚeinhaƢƍ˯  H˴  ̀ʤʬʨʩ́˴  SƢƅ  la  diƹiƍion  deƍ  coƅƂ  maƚéƅielƍ  en  Ƃaƅƚieƍ˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Bull˳   Acad˳   Polon˳   Sciˮ   1 ̀ʫʣʧ́˯   ʫʣʤ˴  ̖

ʤʬʦ  ̖



 ̖

˾STE10˿   SƚeƂhan˯  K˴  E˴˯  Pennǀ˯  W˴  D˴˯  Moƅan˯  R˴  J˴˯  den  OƢden˯  H˴  E˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

DaƢniǊeaƢ˯  J˴˯  ͇   Fƅiƍƚon˯  K˴  J˴  ̀ʥʣʤʣ́˴  Ten  ƍimƂle  ƅƢleƍ  foƅ  dǀnamic  caƢƍal  modeling˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neuroimageˮ   ʦʫ ̀ʧ́˯   ʦʣʬʬ̆ʦʤʣʬ˴  ̖

˾SUP08˿   SƢƂekaƅ˯  K˴˯  Menon˯  V˴ ˯  RƢbin˯  D˴˯  MƢƍen˯  M˴˯  ͇   GƅeiciƢƍ˯  M˴  D˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀ʥʣʣʫ́˴  Neƚƺoƅk  analǀƍiƍ  of  inƚƅinƍic  fƢncƚional  bƅain  connecƚiƹiƚǀ  in  AlǊheimeƅ˸ƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

diƍeaƍe˴    PLoS   Comput   Biolˮ   ʦ ̀ʩ́˯   eʤʣʣʣʤʣʣ˴  ̖

˾SUZ06˿  SƢǊƢki˯  R˴˯  ͇   Shimodaiƅa˯  H˴  ̀ʥʣʣʩ́˴  PƹclƢƍƚˮ  an  R  Ƃackage  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

aƍƍeƍƍing  ƚhe  Ƣnceƅƚainƚǀ  in  hieƅaƅchical  clƢƍƚeƅing˴   Bioinformaticsˮ  22 ̀ʤʥ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖

ʤʨʧʣ̆ʤʨʧʥ˴  ̖

˾TAL49˿  Talaiƅach˯  J˴˯  Hecaen˯  H˴˯  Daƹid˯  M˴˯  Monnieƅ˯  M˴˯  ͇   DeajƢƅiagƢeƅƅa˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

J˴  ̀ʤʬʧʬ́˴  Recheƅcheƍ  ƍƢƅ  la  coagƢlaƚion  ƚhéƅaƂeƢƚiƄƢe  deƍ  ƍƚƅƢcƚƢƅeƍ  ƍoƢƍ̆coƅƚicaleƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

cheǊ   lhomme˴    Revue   neurologiqueˮ   ʪ1 ̀ʤ́˯   ʧ̆ʥʧ˴  ̖

˾TAL52˿  Talaiƅach  J˯  De  AjƢƅiagƢeƅƅa  J˯  Daƹid  M  ̀ʤʬʨʥ́  EƚƢdeƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚéƅéoƚaƿiƄƢeƍ  deƍ  ƍƚƅƢcƚƢƅeƍ  enceƂhaliƄƢeƍ  Ƃƅofondeƍ  cheǊ  l˸homme˴  TechniƄƢe  ̆   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Inƚéƅêƚ   ƂhǀƍioƂaƚhologiƄƢe   eƚ   ƚhéƅaƂeƢƚiƄƢe˴    La   Presse   Médicale   ʨ0 ˮʩʣʨ̆ʩʣʬ˴ ̖

˾TAL67˿   Talaiƅach˯  J˴˯  SǊikla˯  G˴˯  ToƢƅnoƢƿ˯  P˴˯  Pƅoƍƍalenƚiƍ˯  A˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Boƅdaƍ̆Feƅƅeƅ˯  M˴˯  ͇   Coƹella˯  L˴  lacob  M˯  MemƂel  E  ̀ʤʬʩʪ́  Aƚlaƍ  d˸anaƚomie  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƚéƅéoƚaƿiƄƢe   dƢ   ƚélencéƂhale˴   ̀Cie   M͇˯   edƍ́˴   Paƅiƍ˴  ̖

˾TAV16˿  Taƹoƅ˯  I˴˯  Joneƍ˯  O˴  P˴˯  Maƅƍ˯  R˴  B˴˯  Smiƚh˯  S˴  M˴˯  Behƅenƍ˯  T˴  E˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Jbabdi˯  S˴  ̀ʥʣʤʩ́˴  Taƍk̆fƅee  MRI  Ƃƅedicƚƍ  indiƹidƢal  diffeƅenceƍ  in  bƅain  acƚiƹiƚǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

dƢƅing   ƚaƍk   Ƃeƅfoƅmance˴    Scienceˮ   3ʧ2 ̀ʩʥʫʥ́˯   ʥʤʩ̆ʥʥʣ˴  ̖

˾TER75˿   Teƅ̆Pogoƍƍian˯  M˴  M˴˯  PhelƂƍ˯  M˴  E˴˯  Hoffman˯  E˴  J˴˯  ͇   MƢllani˯  N˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

A˴  ̀ʤʬʪʨ́˴  A  Ƃoƍiƚƅon̆emiƍƍion  ƚƅanƍaƿial  ƚomogƅaƂh  foƅ  nƢcleaƅ  imaging  ̀PETT́˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Radiologyˮ   11ʦ ̀ʤ́˯   ʫʬ̆ʬʫ˴  ̖
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TǊoƢƅiŏMaǊoǀeƅ˯  N˴  ̀ʥʣʤʩ́˴  The  aƍƍociaƚion  beƚƺeen  hemiƍƂheƅic  ƍƂecialiǊaƚion  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langƢage  ƂƅodƢcƚion  and  foƅ  ƍƂaƚial  aƚƚenƚion  deƂendƍ  on  lefƚ̆hand  Ƃƅefeƅence  ƍƚƅengƚh˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neuropsychologiaˮ   ʫ3 ˯   ʦʬʧ̆ʧʣʩ˴  ̖

˾ZAG17˿  Zago˯  L˴˯  Heƅƹé˯  P˴  Y˴˯  GenƢeƅ˯  R˴˯  LaƢƅenƚ˯  A˴˯  MaǊoǀeƅ˯  B˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

TǊoƢƅiȯMaǊoǀeƅ˯  N˴˯  ͇   Jolioƚ˯  M˴  ̀ʥʣʤʪ́˴  Pƅedicƚing  hemiƍƂheƅic  dominance  foƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

langƢage  ƂƅodƢcƚion  in  healƚhǀ  indiƹidƢalƍ  Ƣƍing  ƍƢƂƂoƅƚ  ƹecƚoƅ  machine˴   Human  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕

Brain   Mappingˮ   3ʪ ̀ʤʥ́˯   ʨʫʪʤ̆ʨʫʫʬ˴  ̖

˾ZAG20˿  Zago  L˴˯  Labache  L˴˯  TǊoƢƅiŏMaǊoǀeƅ  N˴˯  MaǊoǀeƅ  B˴  ̀ʥʣʥʣ́˴  Aƚlaƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

of   LaƚeƅaliǊed   Aƚƚenƚion   Neƚƺoƅkƍ   ̀ALANƍ́   in   ƅighƚ̆handeƅƍ˴    BioRxiv˳  ̕

˾ZAL10˿  Zaleƍkǀ˯  A˴˯  Foƅniƚo˯  A˴˯  Haƅding˯  I˴  H˴˯  Cocchi˯  L˴˯  YƧcel˯  M˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Panƚeliƍ˯  C˴˯  ͇   BƢllmoƅe˯  E˴  T˴  ̀ʥʣʤʣ́˴  Wholĕbƅain  anaƚomical  neƚƺoƅkƍˮ  doeƍ  ƚhe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

choice   of   nodeƍ   maƚƚeƅ˵    Neuroimageˮ   ʧ0 ̀ʦ́˯   ʬʪʣ̆ʬʫʦ˴  ̖

˾ZAL12˿   Zaleƍkǀ˯  A˴˯  Cocchi˯  L˴˯  Foƅniƚo˯  A˴˯  MƢƅƅaǀ˯  M˴  M˴˯  ͇   BƢllmoƅe˯  E˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

D˴  ̀ʥʣʤʥ́˴  Connecƚiƹiƚǀ  diffeƅenceƍ  in  bƅain  neƚƺoƅkƍ˴   Neuroimageˮ  ʨ0 ̀ʥ́˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̖

ʤʣʨʨ̆ʤʣʩʥ˴  ̖

˾ZHA10˿   Zhang˯  D˴˯  ͇   Raichle˯  M˴  E˴  ̀ʥʣʤʣ́˴  Diƍeaƍe  and  ƚhe  bƅain˸ƍ  daƅk  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eneƅgǀ˴    Nature   Reviews   Neurologyˮ   ʨ ̀ʤ́˯   ʤʨ˴  ̖

˾ZHO10˿   ZhoƢ˯  J˴˯  GƅeiciƢƍ˯  M˴  D˴˯  Gennaƚaƍ˯  E˴  D˴˯  Gƅoƺdon˯  M˴  E˴˯  Jang˯  J˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Y˴˯  Rabinoƹici˯  G˴  D˴˯  ˴˴˴  ͇   Seeleǀ˯  W˴  W˴  ̀ʥʣʤʣ́˴  Diƹeƅgenƚ  neƚƺoƅk  connecƚiƹiƚǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʤʬʪ  ̖



 ̖

changeƍ  in  behaƹioƢƅal  ƹaƅianƚ  fƅonƚoƚemƂoƅal  demenƚia  and  AlǊheimeƅ̑ƍ  diƍeaƍe˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Brainˮ   133 ̀ʨ́˯   ʤʦʨʥ̆ʤʦʩʪ˴  ̖

˾ZHU12˿   ZhƢ˯  D˴˯  Li˯  K˴˯  Faƅaco˯  C˴  C˴˯  Deng˯  F˴˯  Zhang˯  D˴˯  GƢo˯  L˴˯  ˴˴˴  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

LiƢ˯  T˴  ̀ʥʣʤʥ́˴  OƂƚimiǊaƚion  of  fƢncƚional  bƅain  ROIƍ  ƹia  maƿimiǊaƚion  of  conƍiƍƚencǀ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

of   ƍƚƅƢcƚƢƅal   connecƚiƹiƚǀ   ƂƅoǏleƍ˴    NeuroImageˮ   ʧʫ ̀ʥ́˯   ʤʦʫʥ̆ʤʦʬʦ˴  ̖

˾ZHU13˿  ZhƢ˯  D˴˯  Li˯  K˴˯  GƢo˯  L˴˯  Jiang˯  X˴˯  Zhang˯  T˴˯  Zhang˯  D˴˯  ˴˴˴  ͇   Wee˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

C˴  Y˴  ̀ʥʣʤʦ́˴  DICCCOLˮ  denƍe  indiƹidƢaliǊed  and  common  connecƚiƹiƚǀ̆baƍed  coƅƚical  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

landmaƅkƍ˴    Cerebral   cortexˮ   23 ̀ʧ́˯   ʪʫʩ̆ʫʣʣ˴  ̖

˾ZIL15˿   Zilleƍ˯  K˴˯  BachăTƅamƍ˯  M˴˯  PalomeƅŏGallagheƅ˯  N˴˯  AmƢnƚƍ˯  K˴˯  ͇   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Fƅiedeƅici˯  A˴  D˴  ̀ʥʣʤʨ́˴  Common  molecƢlaƅ  baƍiƍ  of  ƚhe  ƍenƚence  comƂƅehenƍion  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

neƚƺoƅk   ƅeƹealed   bǀ   neƢƅoƚƅanƍmiƚƚeƅ   ƅeceƂƚoƅ   ǏngeƅƂƅinƚƍ˴    Cortexˮ   ʨ3 ˯   ʪʬ̆ʫʬ˴  ̖

˾ZUO10a˿  ZƢo˯  X˴  N˴˯  Di  Maƅƚino˯  A˴˯  Kellǀ˯  C˴˯  ShehǊad˯  Z˴  E˴˯  Gee˯  D˴  G˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Klein˯  D˴  F˴˯  ˴˴˴  ͇   Milham˯  M˴  P˴  ̀ʥʣʤʣ́˴  The  oƍcillaƚing  bƅainˮ  comƂleƿ  and  ƅeliable˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Neuroimageˮ   ʦʫ ̀ʥ́˯   ʤʧʦʥ̆ʤʧʧʨ˴  ̖

˾ZUO10b˿   ZƢo˯  X˴  N˴˯  Kellǀ˯  C˴˯  Adelƍƚein˯  J˴  S˴˯  Klein˯  D˴  F˴˯  Caƍƚellanoƍ˯  F˴  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

X˴˯  ͇   Milham˯  M˴  P˴  ̀ʥʣʤʣ́˴  Reliable  inƚƅinƍic  connecƚiƹiƚǀ  neƚƺoƅkƍˮ  ƚeƍƚ̃ƅeƚeƍƚ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

eƹalƢaƚion   Ƣƍing   ICA   and   dƢal   ƅegƅeƍƍion   aƂƂƅoach˴    Neuroimageˮ   ʦʫ ̀ʦ́˯   ʥʤʩʦ̆ʥʤʪʪ˴  ̖

˾ZUO12˿  ZƢo˯  X˴  N˴˯  Ehmke˯  R˴˯  Menneƍ˯  M˴˯  ImƂeƅaƚi˯  D˴˯  Caƍƚellanoƍ˯  F˴  X˴˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

SƂoƅnƍ˯  O˴˯  ͇   Milham˯  M˴  P˴  ̀ʥʣʤʥ́˴  Neƚƺoƅk  cenƚƅaliƚǀ  in  ƚhe  hƢman  fƢncƚional  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

connecƚome˴    Cerebral   cortexˮ   22 ̀ʫ́˯   ʤʫʩʥ̆ʤʫʪʨ˴  ̖

ʤʬʫ  ̖



 ̖

 ̖

AŘŘeƿeƍ  ̖
 ̖

ʤ˴ CŢŘƍƚƅƢcƚĸŢŘ   dƢ   ƅéféƅeŘƚĸeō   ƍƚéƅéŢƚaƿĸƄƢe  ̖
 ̖

La  conƍƚƅƢcƚion  de  l̑eƍƂace  ƂƅoƂoƅƚionnel  de  Talaiƅach  ̀  FigƢƅe  ʦʥ ́  ƂoƢƅ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƹidƢ  ƅeƂoƍe  ƍƢƅ  la  localiƍaƚion  eƚ  l̑alignemenƚ  de  deƢƿ  ƅeƂèƅeƍ  anaƚomiƄƢeƍ  ̀ameƅƍ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖78

oƢ  Ƃoinƚƍ  ƅemaƅƄƢableƍ  commƢnƍ́   ˾TALʨʥ˿  ˹  la  commiƍƍƢƅe  anƚéƅieƢƅe  ̀CA˯  oƅigine  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑eƍƂace  ʦD́  eƚ  la  commiƍƍƢƅe  ƂoƍƚéƅieƢƅe  ̀CṔ˴  Ceƍ  deƢƿ  Ƃoinƚƍ  ƍonƚ  deƍ  faiƍceaƢƿ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ǐbƅeƍ  blancheƍ  ƅelianƚ  leƍ  deƢƿ  hémiƍƂhèƅeƍ˴  Le  choiƿ  de  ceƍ  faiƍceaƢƿ  eƍƚ  jƢƍƚiǏé  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƢƅ  Ƃƅoƿimiƚé  aƹec  leƍ  noǀaƢƿ  gƅiƍ  cenƚƅaƢƿ˯  ƍƚƅƢcƚƢƅeƍ  aǀanƚ  la  ƂlƢƍ  faible  ƹaƅiabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅindiƹidƢelle˴   ̖̖

L̑éƚabliƍƍemenƚ  deƍ  ameƅƍ  Ƃeƅmeƚ  de  déǏniƅ  Ƣn  Ƃlan  bicommiƍƍƢƅal  ̀Ƃlan  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

CĂCP˯  aƿe  Ǌ˯  coƢƂe  aƿialé  ƂeƅƂendicƢlaiƅe  aƢ  Ƃlan  inƚeƅ̆hémiƍƂhéƅiƄƢe  ̀aƿe  ǀ˯  coƢƂe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍagiƚƚalé  déǏni  à  Ƃaƅƚiƅ  de  la  ƍciƍƍƢƅe  longiƚƢdinale  ̀  FigƢƅe  ʦʥ ́˴  DeƢƿ  Ƃlanƍ  ƹeƅƚicaƢƿ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍƢƂƂlémenƚaiƅeƍ  ƍonƚ  enƍƢiƚe  déǏniƍ  ̀aƿe  ƿ˯  coƢƂe  coƅonalé  ˹  l̑Ƣn  Ƃaƍƍanƚ  Ƃaƅ  la  CA  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

̀VCÁ˯  l̑aƢƚƅe  Ƃaƅ  la  CP  ̀VCṔ˴  Leƍ  limiƚeƍ  de  l̑eƍƂace  ƚƅidimenƍionnel  de  Talaiƅach  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƍonƚ  enƍƢiƚe  Ǐƿéeƍ  Ƃaƅ  leƍ  Ƃoinƚƍ  ˹  le  ƂlƢƍ  haƢƚ  dƢ  coƅƚeƿ  Ƃaƅiéƚal˯  le  ƂlƢƍ  ƂoƍƚéƅieƢƅ  dƢ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

coƅƚeƿ  occiƂiƚal˯  le  ƂlƢƍ  baƍ  dƢ  coƅƚeƿ  ƚemƂoƅal˯  le  ƂlƢƍ  anƚéƅieƢƅ  dƢ  coƅƚeƿ  fƅonƚal  eƚ  le  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂlƢƍ  laƚéƅal  dƢ  coƅƚeƿ  ƂaƅiéƚŏƚemƂoƅal˯  la  boîƚe  de  l̑eƍƂace  ƍƚéƅéoƚaƿiƄƢe  eƍƚ  ainƍi  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

conƍƚƅƢiƚe˴   ̖̖

Le  ƹolƢme  ƚoƚal  eƍƚ  enƍƢiƚe  diƹiƍé  Ƃaƅ  ʫ  aƢ̆deƍƍƢƍ  de  la  ligne  CĂCP˯  en  ʧ  en  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

deƍƍoƢƍ˯  en  ʧ  anƚéƅieƢƅemenƚ  eƚ  ƂoƍƚéƅieƢƅemenƚ  à  la  ligne  VCA  eƚ  VCP  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƅeƍƂecƚiƹemenƚ˴  L̑eƍƂace  ƅeƍƚanƚ  enƚƅe  VCA  eƚ  VCP  eƍƚ  enƍƢiƚe  diƹiƍé  Ƃaƅ  ʦ˴  Un  eƍƂace  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ƂƅoƂoƅƚionnel  eƍƚ  ainƍi  conƍƚƅƢiƚ  eƚ  Ƃeƅmeƚ  Ƃaƅ  la  ƍƢiƚe  de  noƅmaliƍeƅ  ƚoƢƚ  indiƹidƢ  Ƃaƅ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƣn  jeƢ  de  ƚƅanƍfoƅmaƚionƍ  inclƢanƚ  Ƣne  ƅéoƅienƚaƚion  ƍƢiƹie  d̑Ƣn  ̎  morphing ̏   ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃeƅmeƚƚanƚ  de  ƅameneƅ  chacƢne  de  ceƍ  dimenƍionƍ  danƍ  ceƚ  eƍƂace  ̀ laƅgeƢƅ˯  haƢƚeƢƅ˯  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

longƢeƢƅ́˯  aǏn  ƄƢ̑Ƣne  même  ƍƚƅƢcƚƢƅe  anaƚomiƄƢe  aƂƂaƅaiƍƍe  aƢ  même  endƅoiƚ  ƂoƢƅ  Ƣn  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

ʪʫ  En  écho  à  la  navigation  maritime˯  un  amer  est  un  point  de  repère  Ǐxe  et  sans  ambiguïté  utilisé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
pour  naviguer  à  vue   ˾MERʤʧ˿ ˴  Dans  l̑espace  de  Talairach˯  les  amers  sont  les  deux  commissures  ̀CA  et  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖
CṔ˯   l˸occiput˯   le   pôle   frontal˯   le   pôle   occipital˯   et   la   voûte   crânienne˴  ̖

ʤʬʬ  ̖



 ̖

même  ƚƅiƂleƚ  de  cooƅdonnéeƍ  cheǊ  chaƄƢe  indiƹidƢ˴  PoƢƅ  ƍe  ƍiƚƢeƅ  danƍ  ceƚ  eƍƂace˯  il  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

faƢƚ  Ƃaƅ  la  ƍƢiƚe  ƍe  ƅéféƅeƅ  à  l̑aƚlaƍ  de  Talaiƅach   ˾TALʩʪ˿  ƄƢi  conƚienƚ  Ƣn  ƚemƂlaƚe  donƚ  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

leƍ  ƍƚƅƢcƚƢƅeƍ  céƅébƅaleƍ  anaƚomiƄƢeƍ  eƚ  cǀƚoaƅchiƚecƚoniƄƢeƍ  ̀d̑aƂƅèƍ  leƍ  aiƅeƍ  de  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Bƅodmanń  ƍonƚ  enƚièƅemenƚ  labelliƍéeƍ˴  La  localiƍaƚion  de  ceƍ  ƍƚƅƢcƚƢƅeƍ  eƍƚ  en  ƅéaliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

Ƃƅobabiliƍƚe˯  Talaiƅach  faiƍanƚ  déjà  à  l̑éƂoƄƢe  ƅéféƅence  à  Ƣne  foƅƚe  ƹaƅiabiliƚé  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

inƚeƅ̆indiƹidƢelle  dƢ  coƅƚeƿ   ˾TALʩʪ˿  ˹  il  Ƃƅéconiƍe  d̑ailleƢƅƍ˯  en  ƂlƢƍ  de  ceƚƚe  aƂƂƅoche  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

indiƅecƚe  de  localiƍaƚion˯  d̑aƹoiƅ  ƅecoƢƅƍ  à  Ƣne  aƂƂƅoche  diƅecƚe  Ƃeƅmeƚƚanƚ  Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

meilleƢƅe  localiƍaƚion  deƍ  ƍƚƅƢcƚƢƅeƍ  céƅébƅaleƍ  ̀ ƚelle  ƄƢe  l̑IRḾ˴  De  ƂlƢƍ˯  ceƚ  aƚlaƍ  ƍe  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

baƍe  ƢniƄƢemenƚ  ƍƢƅ  l̑hémiƍƂhèƅe  gaƢche  ̀ longƚemƂƍ  conƍeƅƹé  danƍ  le  foƅmoĺ  d̑Ƣne  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

femme  de  ʩʣ  anƍ˯  faiƍanƚ  Ǐ  de  la  ƹaƅiabiliƚé  anaƚomiƄƢe  liée  aƢ  ƍeƿe˯  à  l̑âge˯  à  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖

l̑hémiƍƂhèƅe   eƚ   aƢƿ   indiƹidƢƍ˴  ̖

 ̖
FigƢƅe  ʦʥ  ˮ   A˴   Illustration  de  l̑espace  commun  stéréotaxique  de  Talairach˴   Après  détection  des  ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕ ̕
commissures  antérieure  ˿CÀ  et  postérieure  ˿CP̀  permettant  d̐orienter  le  cerveau  dans  un  plan  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
horizontal  perpendiculaire  au  plan  inter̅hémisphérique  passant  par  la  ligne  CA̅CP  ˿en  haut  à  gauchèˮ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
et  de  la  délimitation  des  plans  verticaux  de  CA  ˿VCÀ  et  de  CP  ˿VCP̀  on  peut  appliquer  les  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
transformations  proportionnelles  afin  de  positionner  le  cerveau  dans  la  boîte  de  l̐espace  stéréotaxique  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
Talairach  ˿en  haut  à  droite  en  vert̀ ˴   En  bas  au  centreˮ  coupe  Z  ̩   ʦ  de  l̐atlas  de  référence  de  l̐espace  ̕ ̕ ̕ ̕ ̕ ̕ ̖ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
stéréotaxique  de  Talairach   ˽TALʨʩ˾ ˮ  le  rond  rose  illustre  la  localisation  à  partir  d̐un  triplet  de  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
coordonnées  stéréotaxiques  du  gyrus  frontal  inférieur  gauche  ˿X  ̩   ̅ʧ0  mmˮ  Y  ̩   ̥ ʤʦ  mmˮ  Z  ̩   ̥ ʦ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
mm̀˳  Figure  adaptée  de  ˽HOU0ʤ˾ ˳   B˴  Système  de  référence  en  anatomie  cérébrale˴   Représentation  des  ̕ ̕ ̕ ̕ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̖ ̕ ̕
trois  axes  principaux  utilisés  dans  l˷espace  de  coordonnées  stéréotaxique  standard  pour  l˷IRM˳  Vue  Tʣ  ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕ ̕
de   la   coupe   sagittaleˮ   axiale   et   coronale   d̐un   individu   acquis   sur   un   IRM   ʥT   Siemens   PRISMA˳  ̖
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Abstract Based on the joint investigation in 287 healthy volunteers (150 left-Handers (LH)) of
language task-induced asymmetries and intrinsic connectivity strength of the sentence-processing
supramodal network, we show that individuals with atypical rightward language lateralization (N =
30, 25 LH) do not rely on an organization that simply mirrors that of typical leftward lateralized
individuals. Actually, the resting-state organization in the atypicals showed that their sentence
processing was underpinned by left and right networks both wired for language processing and
highly interacting by strong interhemispheric intrinsic connectivity and larger corpus callosum
volume. Such a loose hemispheric specialization for language permits the hosting of language in
either the left and/or right hemisphere as assessed by a very high incidence of dissociations across
various language task-induced asymmetries in this group.

Introduction
Hemispheric specialization, and more particularly hemispheric specialization for language, can be
defined as “... a hemisphere-dependent relationship between a cognitive, sensory, or motor function
and a set of brain structures. It includes both the hosting by a given hemisphere of specialized net-
works that have unique functional properties and mechanisms that enable the inter-hemispheric
coordination necessary for efficient processing" (Hervé et al., 2013). Major issues on the topic of
hemispheric functional segregation have been listed in a recent review article (Vingerhoets, 2019).
Highlighting the importance of in-depth investigations of individuals exhibiting atypical hemispheric
lateralization for language production, several burning questions related to this atypical phenotype
were identified including the characterization of its regional pattern, its relationship with handed-
ness, its structural underpinnings, whether such atypicality holds for other cognitive functional phe-
notypes, and whether it is associated with variations in behavior and/or cognitive abilities.

To comprehensively understand typical and atypical hemispheric organization for high-order lan-
guage processing, it is necessary to examine the functional organization of the language network in
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the dominant hemisphere together with its interhemispheric coordination with the mirroring network

in the opposite hemisphere. Such an approach can be completed by integrating different and com-
plementary neuroimaging information provided by resting-state and task-induced activation

investigations.
Task-induced functional asymmetries are reliable markers for assessing individuals’ hemispheric

specialization for language, as attested by the very good concordance between fMRI asymmetries
measured during language tasks and Wada testing, which is considered the gold standard to mea-

sure dominance (Dym et al., 2011). This methodology makes it possible to revisit the incidence
of atypical organization in healthy individuals in relationship with handedness. The earliest research

on this topic reported that rare individuals presenting a shift in lateralization—having rightward
asymmetry during language tasks—can be found in left-handers (Hund-Georgiadis et al., 2002;

Pujol et al., 1999; Szaflarski et al., 2002). This last observation is consistent with previous aphasia

studies (Hécaen and Sauguet, 1971) and investigations of epileptic patients with Wada testing
(Isaacs et al., 2006), but the very low incidence of atypical individuals coupled with the low inci-

dence of left handedness is a difficulty in the assessment of language lateralization variability in
healthy individuals. To overcome this issue, we gathered a database of healthy volunteers specifically

enriched in left-handers (BIL and GIN; Mazoyer et al., 2016) and measured the Hemispheric Func-
tional Lateralization index (HFLI; Wilke and Schmithorst, 2006) for sentence production in 297 of its

participants. We thereby uncovered 3 patterns of language lateralization, namely, 10 strong-atypical

individuals with strong rightward lateralization that included only left-handers, 37 ambilateral individ-
uals, including 23 left-handers, with weak or no lateralization and 250 typical individuals with strong

leftward lateralization, including 120 left-handers (Mazoyer et al., 2014). In a subsequent investiga-
tion of regional asymmetries in these same participants, we provided evidence that there were no

differences between typical right- and left-handers in terms of regional patterns of asymmetry. In
contrast, left-handed ambilaterals were not lateralized unlike right-handed ambilaterals who showed

a modest leftward asymmetry (Tzourio-Mazoyer et al., 2016). Left-handed ambilaterals were also

characterized by higher connectivity at rest across homotopic language regions suggesting that
enhanced interhemispheric cooperation at rest is a marker of increased interhemispheric coopera-

tion associated with decreased asymmetries during sentence minus list production contrast
(Tzourio-Mazoyer et al., 2016).

This last result highlights the importance of resting-state fMRI for the investigation of language
network organization, as it makes it possible to measure the functional intrinsic connectivity of net-

works within each hemisphere and the differences in connectivity between the hemispheres.
Raemaekers et al., 2018 showed a significant association across individuals between the asymmetry

in functional connectivity scores and the asymmetries in language task lateralization scores measured
in language regions located along the longitudinal fissure in 423 healthy volunteers. Consistent with

the Raemaekers et al. report, we have recently shown that in the left hemisphere, the resting-state

degree centrality (Rs_DC), or strength of connectivity, was significantly correlated with task-induced
activations in the supramodal network of regions dedicated to sentence processing (SENT_CORE;

Labache et al., 2019). Moreover, the Reynolds’ study involving 117 children demonstrated that
asymmetry in the strength of connectivity between language areas followed the same developmen-

tal pattern of increases in asymmetry between 2 and 7 years old (Reynolds et al., 2019) as that
reported with task-induced activations (Friederici et al., 2011; Perani et al., 2011). Finally, such

asymmetries in within-hemisphere intrinsic connectivity at rest are modified in individuals with right-

ward lateralization for language production (Joliot et al., 2016). Taken together, these studies dem-
onstrate that language network intrinsic connectivity and its asymmetry are important markers to

characterize the variability in language organization in the brain.
A key issue that remains unresolved regarding the typical and atypical organization for language

in healthy individuals is that of dissociation. Actually, there is very little knowledge on homogeneity

in lateralization across different language components in healthy individuals. Neuropsychological

studies such as the seminal study conducted by Hécaen in left-handers (Hécaen and Sauguet, 1971;
Hécaen et al., 1981) have shown that hemispheric dominance is not a property of a given hemi-

sphere but rather that the dominant hemisphere may shift for different language functions in some
individuals. After left hemisphere lesions, left-handed aphasic patients can show rare deficits in com-

prehension, while deficits in production are constant, indicating a dissociation of these two language
components (Hécaen et al., 1981). PET studies with healthy volunteers have provided evidence of
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dissociations between production and comprehension in rare left-handers, with a leftward asymme-

try during production and a rightward asymmetry during comprehension (for example, Tzourio-

Mazoyer et al., 2004). In pathological states, particularly epilepsy, several studies have reported dis-

sociations between asymmetries for language production and those for listening (Baciu et al., 2003;

Kurthen et al., 1994; Kurthen et al., 1992; Lee et al., 2008), and the results of a longitudinal study

of Wada testing in four of these patients suggested that language production was more likely to

shift hemispheres than speech comprehension (Lee et al., 2008).
The occurrence of dissociation, particularly in some healthy individuals, suggests a potential inde-

pendence of different language components in terms of hemispheric dominance, which calls for the

search for factors in brain organization that could allow different language components to be hosted

in different hemispheres. One hypothesis could be that a loose organization in terms of lateraliza-

tion, marked by some bilateral involvement of language areas and strong interhemispheric connec-

tivity, would make it possible for different language components to be lateralized in different

hemispheres. In such a case, one should observe an increased occurrence of dissociations in atypi-

cals, and a better knowledge of the characteristics of the individuals who are more likely to host dis-

sociations will make it possible to optimize the neuroimaging paradigm used to determine language

lateralization. For example, as implemented in presurgical evaluations of epileptic patients

(Baciu et al., 2003; Baciu et al., 2005), a paradigm that includes a battery of language tasks in addi-

tion to production could be designed for this subpopulation.
Regarding these matters, the present study, which includes measures of lateralization during pro-

duction, listening and reading tasks in the same participants, is an opportunity to refine the under-

standing of dissociations. Reading is the last language function acquired through development,

since the emergence of this language component relies on strong interactions between speech, eye

motor systems, and preorthographic processing by visuospatial attentional areas whose lateraliza-

tion is located in different hemispheres (Lobier et al., 2012; Petit et al., 2015). One might suggest

that dissociations between the lateralization of speech comprehension and production could occur

from two different sources of variability: speech perception (Zatorre et al., 2002) and motor control

of speech (Lieberman et al., 2007), respectively. Nevertheless, examining reading lateralization,

which is established later on the basis of comprehension and production lateralization, will allow us

to enlarge the question of the possible sources of interindividual variability in language lateralization

to that of the relationships between rightward lateralized visuospatial functions and leftward lateral-

ized language functions.
Hemispheric asymmetries in gray and white matter have been used to investigate variability in

hemispheric specialization for language, although these measures mainly provide information on

inherited gross anatomical differences between the two hemispheres, which are observable at the

whole brain level as a global torsion of the brain (i.e. the Yakovlevian torque; Toga and Thompson,

2003). In areas related to language processing, such as the planum temporale close to the sylvian

fissure, leftward asymmetries of fissure depth are seen in utero (Habas et al., 2012), and these

asymmetries are of the same amplitude at birth as in adults (Hill et al., 2010), showing no subse-

quent modifications during development (Li et al., 2014). Notably, in adults, the gross leftward

asymmetry of the planum temporale does not have the characteristics of a marker of hemispheric

dominance at the individual level (Tzourio-Mazoyer et al., 2018). Even if some local relationships

were found between gray matter and language task-induced functional asymmetries during word-lis-

tening, they explain only a small fraction of the interindividual variability of local functional asymme-

tries (Josse et al., 2009). The corpus callosum, made of fibers connecting both hemispheres, has

also been investigated as it is the main anatomical support for interhemispheric connectivity. The

corpus callosum surface or volume has thus been measured as a potential anatomical marker of this

interhemispheric connectivity. Actually, during the course of phylogenesis, increasing brain volumes

go along with decreasing corpus callosum volumes relative to brain size (review in Hopkins and Can-

talupo, 2008). On this basis, one should expect that a strong lateralization would be associated with

a smaller corpus callosum volume, as previously observed in males for anatomical hemispheric asym-

metries (Dorion et al., 2000). To date, no studies have investigated the direct relationships between

the interindividual variability in hemispheric specialization for language and anatomical hemispheric

asymmetries or corpus callosum volume, so there is still no evidence of a direct association between

anatomical and functional asymmetries.
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This survey of previous findings can be summarized in the following way: leftward
lateralized typical individuals can be right- or left-handers, they have leftward anatomical asymme-
tries both at the hemispheric level and at the regional level, they are leftward asymmetrical during
language production and leftward asymmetrical for Rs_DC at rest, and they show lower intrinsic
interhemispheric connectivity than individuals who are symmetrical during language production. In
contrast, the type of organization in individuals who are not leftward lateralized is difficult to summa-
rize because of the low incidence of atypical language lateralization and its heterogeneity. For
instance, either a rightward asymmetry or an absence of asymmetry during language production can
be observed in atypical individuals, corresponding either to a shift in the dominant hemisphere or to
bilateral dominant or nondominant hemispheres, as we have previously shown using support vector
machine (Zago et al., 2017). Moreover, to our knowledge, there is a lack of information on the later-
alization of language comprehension and reading and the occurrence of dissociations in relation to
typical or atypical language organization.

Another open question is the relationship between typical and atypical hemispheric specialization
for language and cognitive performance that can be envisioned within different frameworks. Some
authors have proposed that the decreased verbal performance observed in language developmental
disorders may be related to a lack of lateralization (Bishop, 2013; Tallal, 1981; Tallal and Schwartz,
1981). In healthy volunteers, there is some evidence of such a relationship but with a moderate
impact on performance not specific to verbal abilities (Mellet et al., 2014b). A larger framework
would be the possible association between defects in complementary specialization and nonoptimal
cognitive functioning (reviewed in Vingerhoets, 2019), with such an abnormal setting of comple-
mentary specialization being expected to occur in individuals with atypical hemispheric specialization
for language brain organization.

To address these important questions regarding the interindividual variability in language organi-
zation in healthy individuals, we investigated 287 participants from the BIL and GIN who completed
both resting-state fMRI and task-related fMRI during sentence-production, sentence-listening and
sentence-reading tasks. These participants were also mapped for their anatomical hemispheric asym-
metries and completed a battery of seven verbal and four visuospatial tests (Mazoyer et al., 2016).

Results

Descriptive statistics of the groups identified by hierarchical clustering
The agglomerative hierarchical procedure resulted in the identification of 3 clusters; three clusters
were found to be optimal by 14 R statistical indices (from over 30 that were used to assess the qual-
ity of the classification). Hereafter, we will refer to these clusters as groups varying in their ‘language
organization’. These three clusters were labeled according to their task-induced mean asymmetries:
a first cluster including 125 participants with strong leftward asymmetries in the three language tasks
was named strong typical (TYP_STRONG; see Table 1 and Figure 1), a second cluster of 132 partici-
pants exhibiting moderate leftward asymmetry was labeled mild typical (TYP_MILD), while the third
cluster included the remaining 30 participants showing rightward mean asymmetry in the three tasks
was labeled atypical (ATYP). Whenever needed, the TYP_STRONG and TYP_MILD groups were
pooled and referred to as the TYP group.

Task performance
Response time in each of the three tasks did not depend on ‘language organization’ (Table 2), when
age, handedness and sex were taken into account (all p>0.49). The mean number of words gener-
ated per sentence was 12.4 (SD = 2.0), was also independent of ‘language organization’ classifica-
tion, when age, handedness and sex were taken into account (p=0.97). Note that the average
number of recalled sentences was 9.42 (SD = 0.96) for a maximum of 10.

Demography and handedness
A significant difference was observed in the proportion of left-handers among the 3 ‘language orga-
nization’ groups (p=0.0007) due to a larger proportion of left-handers in the ATYP (83.3%) than in
either the TYP_MILD (49.3%) or TYP_STRONG (46.4%) groups. The differences in the proportion of
left-handers were significant between the ATYP and TYP_MILD groups (p=0.0007) and ATYP and
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TYP_STRONG groups (p=0.0001), while no difference was observed between the TYP_MILD and

TYP_STRONG groups (p=0.48).
The proportion of women differed among the three groups (p=0.006, chi-square test); the pro-

portion was significantly higher in the TYP_MILD group (58%) than in the TYP_STRONG group (38%;

p=0.0013, t-test) but was not different between the ATYP group (50%) and either the TYP_MILD

(p=0.41) or TYP_STRONG (p=0.25) groups.
Note that there were no significant differences in age or cultural levels between the three groups

(p>0.29 in both cases).

Profile of task-induced lateralization according to ‘language
organization’
A significant ‘task’ by ‘language organization’ interaction on the absolute values of task-induced

asymmetry was found for both the SENT_CORE and the SENT_HUBS set of regions of interest

Table 1. Characteristics of the three groups after hierarchical clustering on the variables that served
at the classification and also on absolute values of task-induced asymmetries.
SENT_CORE network asymmetry (left minus right) was calculated as the volumetric mean of the 18
hROIs in each contrast while hub asymmetry was calculated as the volumetric mean of the 3 hROIs
classified as hubs in 145 right-handers (RH)(inferior frontal gyrus: F3t, and two regions of the superior
temporal sulcus: STS3 and STS4). mIHHC corresponds to the averaged resting-state Inter Hemi-
spheric Homotopic Correlation across the 18hROIs composing SENT_CORE (Rs_mIHHC). Resting-
state Degree Connectivity (Rs_DC) was calculated in the SENT_CORE network in each hemisphere.
Mean Rs_DC corresponds to the mean of the left and right SENT_CORE Rs_DC. The standard devia-
tions are between brackets.

TYP_STRONG
N = 125

TYP_MILD
N = 132

ATYP
N = 30

Task-induced variables

SENT_CORE asymmetry

PRODSENT-WORD 0.557 (0.17) 0.296 (0.12) !0.114 (0.19)

LISNSENT-WORD 0.299 (0.13) 0.167 (0.09) !0.155 (0.17)

READSENT-WORD 0.351 (0.18) 0.217 (0.14) !0.177 (0.15)

SENT_HUBS asymmetry

PRODSENT-WORD 0.80 (0.23) 0.391 (0.18) !0.119 (0.30)

LISNSENT-WORD 0.42 (0.19) 0.210 (0.15) !0.291 (0.28)

READSENT-WORD 0.51 (0.29) 0.287 (0.23) !0.358 (0.30)

SENT_CORE absolute asymmetry

PRODSENT-WORD 0.557 (0.17) 0.295 (0.12) 0.190 (0.12)

LISNSENT-WORD 0.300 (0.12) 0.168 (0.08) 0.169 (0.12)

READSENT-WORD 0.351 (0.18) 0.221 (0.13) 0.189 (0.13)

SENT_HUBS absolute asymmetry

PRODSENT-WORD 0.803 (0.23) 0.393 (0.17) 0.250 (0.20)

LISNSENT-WORD 0.430 (0.19) 0.214 (0.14) 0.318 (0.25)

READSENT-WORD 0.515 (0.30) 0.307 (0.20) 0.370 (0.28)

Resting-state variables

Rs_mIHHC 0.571 (0.07) 0.578 (0.07) 0.610 (0.06)

mean Rs_DC 8.670 (1.42) 7.949 (1.24) 9.460 (1.60)

Rs_DC asymmetry 0.500 (0.77) 0.478 (0.64) !0167 (0.78)

The online version of this article includes the following source data for Table 1:

Source data 1. Data Source for Table 1.

Source data 2. Detailed information concerning the Table 1 data Source file.
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(ROIs) (MANOVA analyses, p<10!4 for both cases; see Figure 1 and Table 1). Indeed, in contrast to

the two other groups, the ATYP group did not show any difference in asymmetry across the lan-

guage tasks in either SENT_CORE (all p>0.99) or SENT_HUBS (p>0.83). In contrast, there were sig-

nificant differences between tasks for both the TYP_STRONG or TYP_MILD groups in both

SENT_CORE and SENT_HUBS, with a stronger asymmetry during the PRODSENT-WORD than during

the READSENT-WORD task (all p<0.001), with the asymmetry during the latter being larger than that

during the LISNSENT-WORD task (all p<0.017). Note that the ‘task’ main effect was significant for both

SENT_CORE and SENT_HUBS (p<10!4).
There was a significant ‘language organization’ by ‘handedness’ interaction on SENT_CORE

(p=10!4), although the interaction did not reach significance on SENT_HUBS (p=0.12). In SENT_-

CORE, this interaction was because the right-handed individuals in the TYP_STRONG group had

higher asymmetry strength than the left-handers (p=0.03), while the opposite pattern was observed

in the ATYP group: left-handers had stronger asymmetry strength than right-handers (uncorrected

p=0.0075). Note that there were no differences between right-handers and left-handers in the

Figure 1. Scatterplots of individual asymmetry values in each task measured as the mean of SENT_CORE and as the mean of the three hubs

(SENT_HUBS) for the three groups clustered by hierarchical clustering and stratified according to their status as CONGRUENT or CROSSED and their

handedness (right-handers: RH, left-handers: LH) . The first row depicts the location of the 18 hROIs constituting the SENT_CORE network (left) and the

3 hROIs constituting SENT_HUBS (right). Atypicals (ATYP), typicals with moderate asymmetries (TYP_MILD) and typicals with strong asymmetries

(TYP_STRONG) correspond to the three groups resulting from multitask and multimodal hierarchical agglomerative clustering. (PRODSENT-WORD: red,

LISNSENT-WORD: green and READSENT-WORD: blue).

The online version of this article includes the following source data for figure 1:

Source data 1. Data source for Figure 1.

Source data 2. Detailed information concerning the Figure 1 data source file.
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TYP_MILD (p=0.64) and ATYP (p=0.08) groups. A similar pattern, although not reaching the signifi-

cance threshold, was found in SENT_HUBS.
There was no main effect of ‘handedness’ on the absolute values of asymmetries with SEN-

T_HUBS (p=0.94), but there was a significant effect with SENT_CORE (p=0.0023). Finally, there was

no significant ‘language organization’ by ‘handedness’ by ‘task’ triple interaction (SENT_CORE:

p=0.29; SENT_HUBS: p=0.57).

Intrinsic connectivity
In contrast to previous findings, there was no ‘handedness’ main effect or ‘handedness’ by ‘language

organization’ interaction on any of the SENT_CORE intrahemispheric and interhemispheric intrinsic

connectivity variables (p>0.52).
A significant main effect of ‘language organization’ was observed on the mean resting-state inter-

hemispheric homotopic correlation (Rs_mIHHC, p=0.0077) due to significantly lower Rs_mIHHC in

the TYP_STRONG group than in the ATYP group (p=0.01, see Table 1), while there were no signifi-

cant differences between the TYP_STRONG and TYP_MILD groups (p=0.12) or between the ATYP

and TYP_MILD groups (p=0.20).
A significant main effect of ‘language organization’ was observed on the average of the left and

right intrahemispheric degree centrality (Rs_DC, p<10!4): the ATYP group showed a significantly

higher average Rs_DC than either the TYP_MILD (p<10!4) or TYP_STRONG (p=0.013) groups, while

the TYP_STRONG group had a significantly higher average Rs_DC than the TYP_MILD group

(p<10!4).
A ‘language organization’ by ‘side’ interaction was also found to be significant on Rs_DC

(p<10!4): the ATYP group showed no leftward asymmetry (asymmetry not significantly different

from 0: p=0.80), in contrast to both the TYP_STRONG and TYP_MILD groups (significant leftward

asymmetry: both p<10!4), leading to significant differences between the ATYP group and the two

other groups (both p<10!4), while Rs_DC leftward asymmetry was not different between the TYP_-

MILD and TYP_STRONG groups (p=0.96).
Inspection of the right and left Rs_DC values in the three groups showed two different patterns

depending on the considered hemisphere (Figure 2 and Table 1). In the left hemisphere, the TYP_-

MILD group had a significantly lower Rs_DC than the TYP_STRONG group (p=0.0018) but was not

different from the ATYP group (p=0.063), and the TYP_STRONG group was not different from the

ATYP group (p=1). In the right hemisphere (Figure 2), the ATYP group had very strong Rs_DC

Table 2. Measures related to task execution in the three groups varying in hemispheric lateralization.
Mean (SD) of response times and self-reports of task difficulty rated on a 1 to 5 scale are shown for each fMRI run (Sentence produc-
tion: PROD, sentence listening: LISN, sentence reading: READ). In addition, sample mean (SD) of the average number of words per
sentence recalled during the debriefing of the PROD run is shown.

TYP_STRONG
N = 125

TYP_MILD
N = 132

ATYP
N = 30

Task difficulty

LISN 1.12 (0.40) 1.14 (0.45) 1.25 (0.80)

READ 1.17 (0.40) 1.23 (0.55) 1.20 (0.43)

PROD 2.74 (1.07) 2.69 (1.06) 2.88 (1.10)

Response time (ms)

LISN 388.8 (134) 386.3 (126) 396.9 (96)

READ 3733.3 (579) 3731.8 (560) 3755.8 (552)

PROD 5600.0 (850) 5631.2 (968) 5645.5 (1095)

Number of words per sentence

PROD 12.36 (2.03) 12.37 (1.87) 12.36 (2.55)

The online version of this article includes the following source data for Table 2:

Source data 1. Data Source for Table 2.

Source data 2. Detailed information concerning the Table 2 data Source file.
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values, which were larger than those in both the

TYP_MILD (p<10!4) and TYP_STRONG (p<10!4)

groups, whereas the TYP_STRONG group

showed significantly larger Rs_DC values than

the TYP_MILD group (p=0.0044).

Dissociations in asymmetry
direction across tasks
Descriptive statistics
Twenty-three individuals exhibited dissociation

in their asymmetries induced by the three lan-

guage tasks. These 23 individuals will be

referred to as ‘CROSSED’ and the others as

‘CONGRUENT’. The occurrence of CROSSED

individuals within each lateralization group was

higher in the ATYP group (N = 12, 40%) than in

either the TYP_MILD (N = 9, 6.82%, p<10!4) or

TYP_STRONG (N = 2, 1.6% p<10!4) groups,

while the difference in the occurrence of dissoci-

ation between the TYP_MILD and TYP_STRONG

groups failed to reach significance (p=0.057).
Seventeen of the 23 (74%) CROSSED partici-

pants were left-handed, a proportion signifi-

cantly larger than that in the rest of the sample

(p=0.02). Meanwhile, the gender ratio was not

different from the rest of the sample (10 women,

43%; p=0.60).
Dissociations in the CROSSED_ATYP individu-

als mostly corresponded to leftward asymmetry

during PRODSENT-WORD together with rightward

asymmetry during READSENT-WORD and LISN-

SENT-WORD, and this pattern held for both SENT_-

CORE and SENT_HUBS (Figure 3). Only 3 of the

12 CROSSED_ATYP individuals showed the

reverse pattern of rightward asymmetry during

PRODSENT-WORD together with leftward asymme-

try during READSENT-WORD and/or LISNSENT-

WORD (see Figure 3).
The picture was very different for dissocia-

tions in TYP_MILD individuals who were charac-

terized by small rightward asymmetries mainly

observed with READSENT-WORD (only one partici-

pant had a strong negative asymmetry with

READSENT-WORD in SENT_HUBS). Finally, the two dissociations observed in the TYP_STRONG group

were very weak negative asymmetries during LISNSENT-WORD regardless of the considered set of

ROIs (see Figure 3).
There was a main effect of ‘dissociation’ on the task-induced strength of asymmetry restricting

the analysis to the ATYP and TYP_MILD groups, where DISSOCIATED had lower asymmetry strength

than CONGRUENT in both SENT_CORE and SENT_HUBS (both p<0.013), without any interaction

with”task’ or”language organization’ (all p>0.20).

Dissociation and resting-state organization
Considering the TYP individuals as a single group because they did not show any difference in

Rs_DC (i.e. the TYP_MILD and TYP_STRONG groups were merged), there was a significant ‘lan-

guage organization’ by ‘dissociation’ interaction on the mean Rs_DC value (p=0.049) due, in

Figure 2. Intrahemispheric mean intrinsic connectivity

strength of the SENT_CORE network in the three

groups differing in language organization. Right (green)

and left (red) values of the mean resting-state degree

connectivity (Rs_DC) of SENT_CORE in the three

groups. Significant leftward DC asymmetry is only

present in TYP groups (Tukey’s HSD test p<10!4, N

TYP_MILD = 132, N TYP_STRONG = 125) and right

Rs_DC is higher in the ATYP group (N = 30) than in the

TYP_STRONG and TYP_MILD groups (p<10!4, Tukey’s

HSD test). Error bars correspond to the 95% confidence

intervals.

The online version of this article includes the following

source data for figure 2:

Source data 1. Data source for Figure 2.

Source data 2. Detailed information concerning the

Figure 2 data source file.
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Figure 3. Participants showing dissociations between their three task-related functional asymmetries in each of the three groups classified by language

organization. Individual values of left minus right blood oxygen level-dependent (BOLD) asymmetries measured during PRODSENT-WORD (red), LISNSENT-

WORD (green) and READSENT-WORD (blue) in SENT_CORE regions (top) and in SENT_HUBS (bottom). The red dotted line corresponds to the arbitrary

threshold of 0.05 in asymmetry strength that was applied to define a rightward asymmetry.

Figure 3 continued on next page
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particular, to significantly higher mean Rs_DC in the CROSSED_ATYP individuals than in the

CROSSED and CONGRUENT TYP individuals (p<0.0027, for all post hoc tests corrected for multiple

comparisons). The CONGRUENT_ATYP individuals did not differ from the CROSSED or CONGRU-

ENT TYP individuals (all p>0.15), and there was no difference between the CROSSED_TYP and

CONGRUENT_TYP individuals (p=0.92). Note that there was no ‘dissociation’ main effect (all

p>0.18) and no ‘language organization’ by ‘dissociation’ by ‘side’ interaction (p interaction = 0.60).
In contrast, there was a significant ‘language organization’ by ‘dissociation’ interaction on

Rs_mIHHC (p=0.02, see Figure 4) due, in particular, to significantly higher Rs_mIHHC in the CROSS-

ED_ATYP individuals than in the CROSSED_TYP individuals (merging TYP_MILD and TYP_STRONG)

that were not different in Rs_mIHHC whether CROSSED or CONGRUENT (p<0.016 for all, post hoc

tests corrected for multiple comparisons). The

CONGRUENT_ATYP individuals did not differ

from the CROSSED or CONGRUENT TYP individ-

uals (both p>0.43), nor did the CROSSED_TYP

and CONGRUENT_TYP individuals differ

(p=0.91).

Hemispheric anatomical asymmetries
and corpus callosum volume
The tissue compartment values for the four

groups (TYP or ATYP by CROSSED or CONGRU-

ENT) are provided in Table 3. Repeated meas-

ures MANCOVA of the GMasym and WMasym

residuals (after adjusting these variables for sex,

handedness, age, and total intracranial volume)

showed a significant main effect of ‘language

organization’ (p=0.02). Post hoc t-tests showed

that both GMasym and WMasym were smaller in

the ATYP group than in the TYP group (p=0.03).

There was no effect of ‘dissociation’ (p=0.99) and

no significant ‘language organization’ by ‘dissoci-

ation’ interaction (p=0.36). There was no interac-

tion between ‘tissue compartment’ (gray or white

matter) and ‘language organization’ (p=0.92) or

between ‘tissue compartment’ and ‘dissociation’

(p=0.26), and there was no ‘tissue compartment’

by ‘language organization’ by ‘dissociation’ triple

interaction (p=0.15).
ANOVA of the CCvol residuals (after adjust-

ment for the same covariates as for GMasym and

WMasym) showed a significant ‘language organi-

zation’ by ‘dissociation’ interaction (p=0.049).

Post hoc analyses showed that the CROSSED_A-

TYP individuals had a larger CCvol volume than

the CROSSED_TYP individuals (uncorrected post

hoc t-test: p=0.037, HSD correction: p=0.16; see

Table 1).

Figure 3 continued

The online version of this article includes the following source data for figure 3:

Source data 1. Data source for Figure 3.

Source data 2. Detailed information concerning the Figure 3 data source file.

Figure 4. Interhemispheric intrinsic connectivity

strength across homotopic regions (Rs_mIHHC) in

SENT_CORE in the CONGRUENT and CROSSED TYP

and ATYP groups. The estimated mean

interhemispheric homotopic correlation expressed as

the Fisher z-transformation of Rs_mIHHC is higher in

the CROSSED atypicals group (N = 12) than in the TYP

group (merging TYP_MILD and TYP_STRONG, N

CROSSED = 11, N CONGRUENT = 246), regarding of

whether they are CONGRUENT or CROSSED (both

p<0.016, Tukey’s HSD test).

The online version of this article includes the following

source data for figure 4:

Source data 1. Data source for Figure 4.

Source data 2. Detailed information concerning the

Figure 4 data source file.
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Cognitive abilities
Results of principal component analysis (PCA) of the 11 scores on the verbal
and visuospatial tests
The average scores for the 11 completed tests are presented for each group in Table 4. PCA

applied to the residuals of the scores (after adjustment for age, sex, cultural level and handedness)

uncovered four components that explained 49% of the total variance. The first component, which we

will refer to as spatial (SPA), aggregated residuals of the mental rotation test, the Corsi block test,

the maze test, and the Raven matrices (loadings: 0.62, 0.39, 0.60, and 0.68, respectively). The sec-

ond component, labeled phonological (PHONO), mainly included the pseudoword and rhyming test

residuals (loadings: 0.48 and 0.72, respectively) and, marginally, the vocabulary test (loading: 0.36).

The third component was mostly an auditory verbal memory component (MEM), including the audi-

tory verbal word and pseudoword learning test residuals (loadings: 0.77 and 0.49, respectively). The

fourth component was a verbal component (VERB) including all the verbal test residuals except

those of the two learning tests, with the strongest loading being for the verb fluency test (0.64) and

comparable loadings for each of the others (reading span test: 0.34, listening span test: 0.31, and

vocabulary test: 0.31).

Cognitive skills and language organization
Repeated measures MANOVA of the four PCA components (SPA, MEM, PHONO, and VERB)

revealed a significant ‘language organization’ by ‘cognitive component’ interaction (p=0.0003; Fig-

ure 5), while the ‘language organization’ main effect was not significant (p=0.21).
Post hoc analyses showed that the ‘language

organization’ by ‘cognitive component’ interac-

tion was due to the difference in variation in SPA

and MEM. The SPA scores were significantly

higher in the TYP_STRONG group than in the

two other groups, but the scores were not signifi-

cantly different between the latter (TYP_-

STRONG: 0.29 ± 0.15; TYP_MILD: !0.19 ± 0.14;

ATYP: !0.41 ± 0.29; uncorrected p<0.0063;

TYP_MILD vs. ATYP, p=0.39). Meanwhile, the

MEM scores were significantly lower in the ATYP

group than in the two other groups (ATYP:

!0.57 ± 0.23; TYP_MILD: 0.19 ± 0.11; TYP_-

STRONG: 0.05 ± 0.11; p<0.043). In addition,

there was no effect of the ‘language organiza-

tion’ on the other two verbal components,

namely, VERB and PHONO (p>0.18 and p>0.13,

respectively).
Finally, there was no relationship between dis-

sociations and cognitive performance in either

the ATYP or TYP_MILD individuals (p=0.17).

Comparison of different
classifications for language
lateralization
We compared the outcome of the present multi-

task multimodal hierarchical classification applied

to the sample of 287 participants to those previ-

ously obtained with two different classifications

based on the PRODSENT-WORD contrast only;

these classifications included (1) a Gaussian mix-

ture modeling of the HFLI observed for this con-

trast (Mazoyer et al., 2014) and (2) support

Figure 5. Estimated loadings of the four main principal

components of cognitive abilities in the three groups

having different language lateralization. The color code

for the components is as follows: SPA: blue, MEM: red,

PHONO: light orange, and VERB: green. Error bars

represent 95% confidence intervals.

The online version of this article includes the following

source data for figure 5:

Source data 1. Data source for Figure 5.

Source data 2. Detailed information concerning the

Figure 5 data source file.
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vector machine classification of each hemisphere dominance based on the pattern of its voxels in

the PRODSENT-WORD contrast maps (Zago et al., 2017). The outcomes of the multitask multimodal

hierarchical classification, Gaussian mixture modeling, and support vector machine classifications

applied to the same sample of 287 participants are presented in Figure 6.

Multitask multimodal hierarchical classification vs. Gaussian mixture
modeling
There was a high concordance of classification of typicals with the two methods (98% of Gaussian

mixture modeling typicals were classified as TYP_MILD or TYP_STRONG).
Gaussian mixture modeling identified 10 rightward lateralized LH (strong atypicals; GMM-SA in

Figure 6), among whom nine completed the resting-state acquisition and were thus included in the

present study. These nine individuals were all clustered in the ATYP group as defined by the multi-

task multimodal hierarchical classification. We also found that 15 other individuals in the multitask

multimodal hierarchical classification ATYP group actually belonged to the ambilateral group identi-

fied by Gaussian mixture modeling (GMM-AMB in Figure 6) according to their weak PRODSENT-

WORD HFLI. The remaining six individuals in the multitask multimodal hierarchical classification ATYP

group were classified by Gaussian mixture modeling as typicals (GMM-TYP in Figure 6) because of

their leftward HFLI during PRODSENT-WORD.
The multitask multimodal hierarchical classification did not individualize any cluster resembling

the group of 37 ambilaterals as defined by Gaussian mixture modeling in the Mazoyer et al., 2014

study. Rather, aside from the 15 aforementioned ambilaterals clustered in the ATYP group in the

present study, the 22 other ambilaterals as defined by Gaussian mixture modeling were here classi-

fied either as TYP_MILD (N = 16) or TYP_STRONG (N = 6).
Note that whereas all Gaussian mixture modeling-SA were left-handers, 5 among the 135 right-

handers (3.7%) were classified as atypical with multitask multimodal hierarchical classification: two

among these were dissociated with leftward lateralization during language production in SENT_-

CORE and the SENT_HUBS, leaving only three right-handers with atyical organization in the three

tasks (2%). These three right-handers were not classified as strong-atypical by Gaussian mixture

Table 3. Gray and white matter hemispheric volumes and their left minus right asymmetry (mean and (SD), in cc) as well as
midsagittal corpus callosum volume (mean and (SD), in cc), in subgroups of individuals according to their multitask multimodal
hierarchical classification and the absence/presence of dissociated task-related functional asymmetries.
TYP: participants classified with multitask multimodal hierarchical classification as either TYP_STRONG or TYP_MILD, that is
showing TYP left functional lateralization; ATYP: participants classified with multitask multimodal hierarchical classification as ATYPI-
CAL, that is showing atypical right functional lateralization. CROSSED: participants with at least one dissociation of functional lateraliza-
tion among the three language tasks; CONGRUENT: participants with no dissociation.

TYP ATYP

Congruent
N = 246

Crossed
N = 11

Congruent
N = 18

Crossed
N = 12

Gray Matter

Left 327.00 (32) 337.59 (47) 337.42 (35) 317.30 (16)

Right 315.64 (32) 325.72 (48) 327.77 (33) 306.48 (15)

Asymmetries 11.35 (4.00) 11.87 (4.50) 9.65 (5.03) 10.82 (3.82)

White Matter

Left 216.67 (26) 221.92 (36) 222.43 (26) 208.61 (15)

Right 213.38 (25) 217.82 (35) 220.22 (25) 206.38 (14)

Asymmetries 3.33 (2.19) 4.11 (1.74) 2.22 (2.41) 2.23 (2.03)

Corpus Callosum 5.31 (0.85) 5.21 (0.67) 5.45 (0.90) 5.48 (0.74)

The online version of this article includes the following source data for Table 3:

Source data 1. Data Source for Table 3.

Source data 2. Detailed information concerning the Table 3 data Source file.
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modeling but rather as ambilaterals because their HFLI for PRODSENT-WORD, albeit negative, was

above the threshold (!50) used for segregating strong atypicals from ambilaterals.

Multitask multimodal hierarchical classification vs. support vector machine
Seventeen of the 30 atypical individuals as defined by multitask multimodal hierarchical classification

(57%) had a right-hemisphere labeled dominant by support vector machine. Conversely, the multi-

task multimodal hierarchical classification atypical cluster aggregated 77% of the 22 participants

labeled as having a dominant right hemisphere. One should also note that 41% (7 among 17) of

these right-hemisphere dominant ATYP individuals also had a left dominant hemisphere (i.e. were

codominant), whereas the ATYP cluster aggregated 77% of the 12 participants labeled as having a

codominant hemisphere. Notably, the eight ambilaterals as defined by Gaussian mixture modeling

left-handers classified as having a dominant right-hemisphere pattern were classified as atypical by

multitask multimodal hierarchical classification (Zago et al., 2017).

Table 4. Mean (SD, in cc) of scores at the different tests of the cognitive battery in the three groups differing in their language
organization as defined by a multitask multimodal hierarchical classification.

TYP_STRONG
N = 125

TYP_MILD
N = 132

ATYP
N = 30

Verbal tests

Rey: word learning 65.98 (7.57) 65.07 (7.51) 64.73 (7.57)

Pseudo-words learning 36.52 (10.44) 34.64 (11.16) 34.47 (9.68)

Verbal fluency 48.19 (9.82) 46.55 (10.01) 47.63 (8.85)

Reading span test 4.07 (1.08) 3.91 (1.11) 4.25 (1.11)

Listening span test 4.85 (1.06) 4.57 (1.14) 4.63 (1.21)

Vocabulary 28.39 (3.78) 27.80 (3.74) 28.07 (4.42)

Rhyming 68.38 (4.56) 67.17 (6.11) 65.93 (5.62)

Visuo-spatial tests

Mental Rotation Test 11.08 (4.27) 10.70 (4.60) 10.17 (4.63)

Corsi block 5.99 (1.06) 5.72 (1.04) 5.73 (0.94)

Maze 6.68 (2.66) 6.09 (2.32) 4.42 (2.39)

Raven matrix 111.78 (9.70) 109.82 (10.47) 106.00 (9.48)

The online version of this article includes the following source data for Table 4:

Source data 1. Data Source for Table 4.

Source data 2. Detailed information concerning the Table 4 data Source file.

Figure 6. Alluvial plots comparing the present Multitask Multimodal Hierarchical Classification (MMHC) with two previous classifications only based on

the functional asymmetry during production of sentences minus word-list in the same sample of participants: Gaussian Mixture Modeling (GMM)

classification on Hemispheric Functional Lateralization Index (HFLI, Mazoyer et al., 2014) and Support Vector Machine (Zago et al., 2017)

classification in the right (SVM-R) and left hemisphere (SVM-L). Each line corresponds to a participant with the following color code: red for multitask

multimodal hierarchical classification-atypical (ATYP), blue for multitask multimodal hierarchical classification-TYP_MILD, and green for multitask

multimodal hierarchical classification-TYP_STRONG. The Gaussian mixture modeling method identified each individual as either strong_atypical (SA),

ambilateral (AMB), or typical (TYP). identified the voxel-based pattern of each hemisphere of an individual as either dominant (DOM) or nondominant

(NON DOM).

The online version of this article includes the following source data for figure 6:

Source data 1. Data source for Figure 6.

Source data 2. Detailed information concerning the Figure 6 data source file.
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Summary of the results
In a sample of 287 healthy adults that included over 50% left-handers, a hierarchical classification
based both on language task-induced asymmetries and on resting-state organization within the
SENT_CORE network identified three clusters of individuals with different intra- and interhemi-
spheric organization for sentence processing. Two clusters of similar sizes aggregated 257 (90% of
the sample) leftward lateralized individuals. The 132 TYP_STRONG individuals (of which 46.4% were
left-handers) were highly leftward lateralized for both task-induced asymmetry and intrahemispheric
intrinsic connectivity, while showing low interhemispheric connectivity. This pattern of language
organization was associated with strong leftward asymmetry of gray and white matter hemispheric
volumes and with high visuospatial performance. The 125 TYP_MILD individuals (including 50.7%
left-handers) differed from the TYP_STRONG individuals by their moderate leftward task-induced
asymmetries, lower left hemisphere degree of connectivity and larger interhemispheric homotopic
connectivity. The moderate leftward language organization in the TYP_MILD individuals was more
frequent in women and was associated with a larger occurrence of dissociations than in the TYP_-
STRONG individuals (7% compared to 1.6%). Visuospatial cognitive abilities were lower in the TYP_-
MILD group than in the TYP_STRONG group. The third (ATYP) cluster of 30 individuals included the
highest proportion of left-handers (83%). Mean asymmetry in the ATYP group was rightward lateral-
ized during the three language tasks, with a striking lack of differences in asymmetry strengths
across tasks, in contrast to the two groups of typicals. Organization at rest in the ATYP group was
marked by bilateral high intrahemispheric connectivity and strong interhemispheric connectivity.
Such a low hemispheric specialization pattern was associated with a high occurrence of dissociations
among the functional asymmetries in the three language tasks (40%), lower leftward asymmetries of
gray and white matter hemispheric volumes, and when dissociated, larger corpus callosum volumes.
Finally, the ATYP cluster showed lower verbal memory abilities than the two other clusters. Compari-
son of the present classification to previous classifications based only on PRODSENT-WORD revealed
the importance of the multitask approach conjointly with resting-state measures of Rs_DC in the lan-
guage network to segregate the atypicals within the individuals with low PRODSENT-WORD hemi-
spheric asymmetries.

Discussion

A multimodal multitask classification provides an enhanced definition of
atypical language organization
Compared to the high consistency of the classification of individuals having typical language organi-
zation, the definition of atypicality for language lateralization based on neuroimaging investigations
is complex, and the type of brain organization supporting language functions in atypical individuals
is still not comprehensively understood.

All individuals having a rightward hemispheric lateralization of language production as measured
with Gaussian mixture modeling were classified into the ATYP group in the present study, suggest-
ing that having a rightward lateralization for production is a clear criterion of atypicality, as already
validated by Wada studies (Dym et al., 2011). However, the present classification did not individual-
ize a cluster resembling the group of 37 ambilaterals identified in Mazoyer et al., 2014, which indi-
cated that not being clearly lateralized by production was not sufficient to ascertain atypicality. The
difficulty in asserting language dominance in individuals with little fMRI lateralization during produc-
tion is consistent with Bauer et al.’s meta-analysis showing that fMRI is more accurate in assessing
language dominance in cases of strong leftward asymmetry (Bauer et al., 2014). However, the Bauer
study involved patients suffering from epilepsy and thus likely to have language network
reorganization.

To identify the discriminative variables that split the 37 ambilaterals into the 3 ‘language organi-
zation’ groups, we conducted an additional analysis entering the nine variables we used for the mul-
titask multimodal hierarchical classification as repeated measures, and we found in the 37 individuals
classified ambilaterals in Mazoyer et al., 2014 a very significant ‘language organization’ main effect
and interaction with the repeated measures (both p<0.0001). Post hoc analyses revealed that among
these 37 ambilaterals, the 12 individuals classified as ATYP had significantly lower task-induced
asymmetry in SENT_HUBS and SENT_CORE (all p<0.001) and a significantly lower Rs_DC asymmetry
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(p=0.002) than those classified as TYP_MILD or TYP_STRONG. In contrast, there was no difference
in averaged Rs_DC or Rs_mIHHC values. These findings thus confirmed that, in order to comprehen-

sively describe the dominance for language in individuals having low HFLI during language produc-
tion, it is useful to apply a multitask battery as has been proposed by some authors (Baciu et al.,
2005; Niskanen et al., 2012), which particularly allows the detection of individuals with dissociations
as demonstrated by Baciu et al., 2003. Importantly, the present study also demonstrated that rest-

ing-state connectivity variables, measured at the language network level, particularly Rs_DC asym-
metry, in association with task-induced asymmetry, are of interest for the identification of
atypical individuals.

In left-handers, a weak functional asymmetry during language production makes
atypical organization with rightward asymmetry for other language components highly probable
(80%), whereas the same weak functional asymmetry in right-handed individuals is associated with
a TYP leftward lateralization in most cases (86%). Such observations are consistent with the classifica-

tion by support vector machine showing that all ambilateral right-handers had a left hemisphere with
a dominant pattern (Zago et al., 2017), whereas the eight left-handed ambilaterals as classified with
Gaussian mixture modeling and who had a dominant right-hemisphere pattern with support vector
machine, were classified into the ATYP group by the present method.

The fact that 80% of the ATYP individuals were left-handed is consistent with previous research
showing that reverse lateralization is mainly seen in left-handers, whether in adults (Króliczak et al.,
2016; Somers et al., 2015a) or in children (Szaflarski et al., 2012). Here, a right shift in hemisphere

dominance for language was found in 12% of left-handers (when taking into account the different
language components, as done in the present study), compared to only 6% when considering their
HFLI for production only (Mazoyer et al., 2014). The difference between these two proportions pro-
vides an estimate of the decreased sensitivity when detection of atypicals among left-handersLH is

performed using a production task only rather than a multitask multimodal approach as we imple-
mented in the present study. The present multimodal classification identified five right-handed ATYP
individuals (3.6%, compared to 16.7% of left-handers), a phenomenon as rare as the published case
reports of crossed aphasia in right-handers (Alexander and Annett, 1996; Hindson et al., 1984),

raising the question of whether this is a pathological state rather than part of interindividual variabil-
ity of language organization (Coppens et al., 2002). Among these five right-handed ATYP individu-
als, three had been previously classified as ambilaterals and two as typicals by Gaussian mixture
modeling of the PRODSENT-WORD HFLI, with the latter two individuals having negative asymmetries

during LISNSENT-WORD and READSENT-WORD. It is noticeable that these five right-handers had lower
task-induced asymmetry strength than the 25 left-handed ATYP individuals, independent of the task,
leaving open the question of whether right- and left-handed ATYP individuals are actually
comparable.

Finally, the present classification sheds some light on the brain organization for language in indi-
viduals as defined by the support vector machine approach (Zago et al., 2017). Actually, the ATYP
cluster aggregated 77% of the 22 participants labeled as having a right dominant hemisphere by

support vector machine. This is very consistent with the high Rs_DC found for the right SENT_CORE
network of the ATYP individuals. One should also note that 41% (7 among 17) of these right-hemi-
sphere dominant ATYP individuals also had a dominant left hemisphere (i.e. were codominant),
whereas the ATYP cluster aggregated 77% of the 12 participants labeled as having a codominant

hemisphere. This strong association between atypicality and codominance is also consistent with the
finding that ATYP individuals were characterized by high bilateral connectivity of their SENT_CORE
network, which is likely to reduce the bias toward the dominance of a given hemisphere and attest
to a more bilateral organization for language.

Organization of intrinsic connectivity in atypical individuals: although
they show rightward task-induced asymmetries, their left hemisphere is
also wired for language
In a previous study, we noted that the 10 left-handers with strong rightward HFLI exhibited a pattern

of regional asymmetries that was the reverse of the pattern observed in typical individuals (Tzourio-
Mazoyer et al., 2016), a result in line with cortical stimulation findings suggesting that individuals
shifting their dominant hemisphere actually have a reverse regional organization (Chang et al.,
2011; Drane et al., 2012). The present study results, although consistent with this view in terms of
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task-induced asymmetries, demonstrated that, by contrast, the SENT_CORE network intrinsic con-

nectivity properties of ATYP individuals did not mirror those of individuals with leftward task-induced

asymmetries. Although the mean of the group was strongly rightward asymmetrical in the three

tasks, the ATYP individuals showed high and symmetrical Rs_DC values, meaning that the SENT_-

CORE network was highly connected in both hemispheres, and it is remarkable that their left hemi-

sphere Rs_DC value was not different from that of the TYP_STRONG individuals, whereas their right

hemisphere Rs_DC value was higher than that of the TYP_STRONG individuals (Figure 7). The ATYP

individuals thus had a significantly larger mean Rs_DC value of SENT_CORE in both hemispheres,

making them highly connected individuals and suggesting that their left hemisphere could be orga-

nized in a way similar to that of the TYP individuals, that is as a potentially dominant hemisphere for

language. In addition, the ATYP individuals showed the highest interhemispheric connectivity across

SENT_CORE homotopic areas, constituting a highly efficient network for sentence processing that

straddled the two hemispheres. The fact that even in individuals shifting their task-induced lateraliza-

tion to the right, the left hemisphere is wired for high-order language processing leads to the

hypothesis that the left hemisphere is the language hemisphere by default.

Figure 7. Summary figure illustrating the different SENT_CORE intra- and inter-hemispheric organizations observed in the three groups identified by

hierarchical clustering. The left column shows the group mean activation maps during PRODSENT-WORD (BOLD activation amplitude is given by color

scale) of the left hemisphere and the right column the mean activation map of the right hemisphere superimposed on the white matter surface

rendering of the BIL and GIN template obtained with the Surf Ice software (https://www.nitrc.org/projects/surfice/). The second, third and fourth

columns show the left lateral, superior and right lateral views of the SENT_CORE intrinsic connectivity network, each region of the network being

represented by a sphere located at the mass center of its MNI coordinates. For each SENT_CORE region, a colored sphere indicate the group average

region degree centrality of intrinsic connectivity (the Rs_DC value is given by color scale, and sphere size is proportional to value), whereas a colored

line indicates the strength of the Pearson intrinsic correlation coefficient between two SENT_CORE regions (the Rs_r value is given by color scale, and

line thickness is proportional to value).
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A trace of how ATYP individuals overcome the left hemisphere default-mode organization for lan-
guage can be found in the loss of congruence in the sentence network at rest and during sentence
processing. In right-handers, we observed a positive correlation across individuals between asymme-
tries of activations and Rs_DC (Labache et al., 2019), while the ATYP group showed an absence of

mean Rs_DC asymmetry but mean rightward task-induced symmetries. Notably, both the CROSSED
and CONGRUENT ATYP individuals had a left hemisphere Rs_DC as strong as that in the TYP_-
STRONG individuals, meaning that their left SENT_CORE network connectivity was not different
from that of strong leftward lateralized individuals (Figure 7) supporting the hypothesis that ATYP

left hemisphere is wired for language as it is for typical individuals. Actually, ATYP differed from typi-
cals in their right-hemisphere organization at rest that exhibited a high strength of intrinsic connec-
tivity, in agreement with their task-induced rightward activations (Figure 7).

The pattern of ATYP individual network intrinsic organization is thus a networking of both hemi-
spheres profiled for the processing of high-order language, combined with strong anatomical and
functional underpinning of interhemispheric interactions as evidenced by higher correlations across
homotopic regions of SENT_CORE and larger corpus callosum in the DISSOCIATED_ATYP individu-

als. The ATYP group also showed a more bilateral anatomical organization with decreased leftward
gray and white matter hemispheric asymmetries likely to result in more flexibility in the side hosting
the different language tasks and therefore allowing dissociations. In fact, the ATYP group hosted the
largest proportion of participants showing dissociations and thus relying on one or the other hemi-

sphere as the dominant hemisphere depending on the language component, which may be related
to their stronger interhemispheric connectivity. Such a hypothesis was partly confirmed by the com-
parison of individuals with dissociations in the three groups that demonstrated that CROSSED ATYP
individuals had significantly higher interhemispheric connectivity and more variation in the strength

of asymmetries when DISSOCIATED than the two other groups. These strong between-task differen-
ces in asymmetry strengths reflect an important shift in hemispheric control, which were particularly
seen between PRODSENT-WORD and the two other tasks underpinned by the strong interhemispheric
connectivity allowing for cooperation across the bilaterally located task-dependent dominant lan-

guage networks.

Two types of leftward organization for language, with an
overrepresentation of women but not of left-handers in mildly
lateralized typical individuals
The present segregation of leftward lateralized individuals in the two groups is consistent with the

two Gaussian components of the PRODSENT-WORD HFLI distribution in typical individuals observed in
our previous work (Mazoyer et al., 2014). However, these two Gaussian components showed too
much overlap to allow a clear separation of the two groups of typical individuals. One original obser-
vation of the present study is thus the evidence of differences in terms of functional connectivity

between two groups of typical individuals. Although leftward lateralized and showing the same gra-
dient of asymmetry across the three tasks, the TYP_MILD individuals exhibited significant particular-
ities in their inter- and intrahemispheric—although typical—intrinsic connectivity organization with
lower asymmetries of task-induced activations but also lower Rs_DC and higher Rs_mIHHC within

SENT_CORE. In other words, their decreased strength in task-induced functional asymmetries was
associated with an intra- vs. interhemispheric intrinsic connectivity pattern showing less differentia-
tion across hemispheres together with increased connection between them. Such a pattern of looser
hemispheric specialization for language in the TYP_MILD group is consistent with a higher occur-

rence of dissociations than in the TYP_STRONG group, although those dissociations were of moder-
ate intensity and mainly observed for the reading task.

The proportion of women was larger in the TYP_MILD cluster (58%) than in either of the two
other clusters (38% in the TYP_STRONG and 50% in the ATYP clusters), as well as in the whole sam-
ple (49%), consistent with previous reports of reduced language lateralization in women (Levy and
Reid, 1978; McGlone and Davidson, 1973). Interestingly, gender differences in cluster constitution
in the present work were present only in the two groups of typicals but not in the ATYP group. Such

a subtle association between sex and language lateralization may explain the inconsistency in the
reports of a sex effect in hemispheric specialization for language (Sommer et al., 2004) since, in
contrast to handedness, it is not associated with the occurrence of critical changes in language later-
alization. Actually, the proportion of left-handers was not increased in the TYP_MILD group
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(compared to the TYP_STRONG group), confirming that the relationship between handedness and
language lateralization is better grounded in the large occurrence of left-handers among rightward

lateralized individuals rather than by a decreased lateralization for language in left-handers
(Mazoyer et al., 2014).

Dissociations of lateralization across language components are of
different natures in typical and atypical individuals with a particular
status for the lateralization of reading
Dissociations were detected with higher sensitivity when considering the SENT_HUBS hROIs rather
than the whole set of SENT_CORE area ROIs. This is the reason why we considered a participant dis-
sociated if they had opposed asymmetry across tasks on either one or both variables.

The low incidence of dissociations that we observed in the TYP individuals and, in particular, in
the TYP right-handers (4%) was consistent with the literature that reports rare cases of dissociations
of production and comprehension in healthy right-handed participants (Jansen et al., 2006;

Tzourio-Mazoyer et al., 2004). A point of interest was the occurrence of dissociation between the
lateralization for reading and the lateralization for production and listening, which, to our knowl-
edge, has not yet been reported. In leftward lateralized TYP individuals, dissociations were mainly
observed in the TYP_MILD individuals for whom, as in the TYP_STRONG individuals, reading was on

average more lateralized than listening (although less than production).
Dissociations in this TYP_MILD cluster more often involved reading (5 out of 9 in SENT_HUBS;

see Figure 3). Such a larger occurrence of dissociations involving reading may be related to the late

acquisition of this language function. Indeed, the first phase of language development is perceptual,
as revealed by studies showing that the auditory system of the fetus at 30-week gestation is mature
enough to detect complex sounds (McMahon et al., 2012) and to differentiate phonemes

(Hepper and Shahidullah, 1994). After only a few hours of postnatal exposure, newborns respond
specifically to speech (Dehaene-Lambertz et al., 2002). Then, because of maturation of the vocal
tract, the second phase is production (Mowrer, 1980). From the second half of the first year of life,
the child enters the babbling phase proper and begins to make choices specific to the structures of

his or her mother tongue at the prosodic, phonetic and syllabic levels (Oller, 1980). These first steps
toward articulation are an essential step that reflects the existence of a functional link between the
processes of perception and the production of vocal sounds and gives the child the opportunity to
receive proprioperceptive feedback (Rodgon, 1976).

While speech perception and production tightly codevelop very early in the establishment of lan-
guage, reading is based on both the ability to hear and segment words into phonemes and then to
associate these phonemes with graphemes, with the mapping of orthographic to phonological rep-

resentations during reading being intrinsically cross-modal (McNorgan et al., 2014). In fact, reading
develops in interaction with object recognition in the left fusiform gyrus (Kassuba et al., 2011) and
rightward lateralized visuospatial and visuomotor processes such as the saccadic system supporting

eye movement during reading (Petit et al., 2009). More particularly, during reading, eye move-
ments are not only an oculomotor ability but also the integration of visual and language processes
at the word level and at the syntactic level (Richards et al., 2017). In fact, reading depends on an
alternation of fixations and saccades, the latter being defined as forward progressions or backward

regressions. Even if forward progressions are the most common eye movements, backward regres-
sions have been revealed to be correlated with the syntactic complexity of sentences, suggesting
that these eye regressions depend on the relationships that the words making up the statement
have to each other (Lopopolo et al., 2019). Thus, reading ability involves both visuospatial and lan-

guage processes. Such a late specialization could lead to the possibility that different factors could
intervene in the establishing of reading lateralization, with these factors being different from those
acting during the first stages of language development.

The picture was very different for ATYP individuals, whose predominant dissociation pattern was
a leftward lateralization for production and a rightward lateralization for both reading and listening
(Figure 3, left). Considering the developmental timing of language components mentioned above,

this could be an indication that ATYP lateralization for language perception and production is estab-
lished early in different hemispheres. The second observation is that in the ATYP individuals, the lat-
eralization of heteromodal areas during reading follows that of auditory sentence comprehension,
demonstrating the prevalence of sensory integration over action in these individuals, which is
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different from the lateralization organization in the TYP_MILD individuals. The fact that reading later-

alization has different relationships with production and listening according to the sentence laterali-

zation organization can provide new insight into the variability in the establishing of reading

dominance and, potentially, a possible relationship between atypicality and dyslexia, since there is

still a great debate between lateralization and reading impairments (Wilson and Bishop, 2018).

Assessing the type of dissociations would be of great interest for shedding new light on language

impairments.
The more frequent rightward lateralization during LISN than during PROD in the ATYP left-hand-

ers was consistent with the observation of Hécaen of a high occurrence of production deficits after

left-hemisphere lesions in left-handers, while comprehension deficits were rare (Hécaen et al.,

1981). Such a dissociation corresponds to that of action vs. perception as defined by Fuster, 2009,

with sentence reading and listening being colateralized. It is remarkable that, when compared to

both TYP groups, the ATYP group showed a decrease in (absolute value) asymmetry strength that

was larger for production than for the other tasks, leading to an absence of a difference between

the asymmetries in production, listening, and reading. Such a diminished asymmetry during produc-

tion is striking because of the link existing between hand preference and language production, with

both functions being on the action side and being localized in close frontal areas. One should have

expected left-handers to have stronger rightward asymmetry during language production than dur-

ing the other tasks in relation to their left-hand dominance. This was not the case, even when consid-

ering only the CONGRUENT_ATYP individuals. However, handedness was associated with a

stronger mean rightward asymmetry in the left-handed ATYP individuals and stronger leftward asym-

metry in the right-handed TYP_STRONG individuals, independent of the task, as if the hemisphere

controlling the dominant hand is a slight attractor for language lateralization. This modest effect of

handedness is consistent with the observation that patients who had suffered from right plexus bra-

chial injury at birth, therefore disabled in the use of their right hand, present a shifting of their lan-

guage production asymmetries toward the right hemisphere, although without a complete shift

(Auer et al., 2009).

Are different language organizations associated with differences in
cognitive abilities?
Better visuospatial performance was present in the TYP_STRONG individuals, who had the largest

between-hemisphere differences and lower interhemispheric connectivity. Such a result suggests

that the better spatial abilities reported in RHright-handers in a meta-analysis (Somers et al., 2015b)

might have been related to the fact that the TYP_STRONG group hosted the highest proportion of

right-handers. The present results suggest that strong leftward lateralization of both language task-

induced and resting-state connectivity asymmetries in the core language network is associated with

better visuospatial performance, as if less involvement of the right hemisphere in sentence process-

ing was facilitating visuospatial processing. Such an observation can be viewed as an argument in

favor of the ‘crowding effect’ theory stating that an optimal split of functions across the two hemi-

spheres facilitates cognitive functioning (review in Vingerhoets, 2019). Of course, further explora-

tion of the relationships between the different aspects of visuospatial cognitive abilities and the

strength of both leftward lateralization for language and rightward lateralization for visuospatial

functions, as well as their interindividual variability, is needed to confirm this hypothesis.
Decreased verbal memory abilities in the ATYP group suggest that the reorganization occurring

on top of the language organization by default in this group is at the cost of suboptimal cognitive

functioning, while mild, although leftward, lateralization for language appears to be as efficient for

language processing as strong leftward lateralization. Considering that the ATYP group included 15

of the ambilateral individuals defined in Mazoyer et al., 2014, the present observation is consistent

with those of Mellet et al reporting lower performance in ambilaterals (Mellet et al., 2014b) con-

cerning both verbal memory and visuospatial abilities.

Conclusions
The joint investigation of language task-induced asymmetries and intrinsic connectivity strength in

the sentence-processing supramodal network, showed that individuals with atypical rightward lan-

guage lateralization do not rely on an organization that simply mirrors that of typical leftward
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lateralized individuals but rather is associated with a loose hemispheric specialization for language.
The fact that these individuals had lower leftward gross macroscopical hemispheric anatomy
than typical individuals suggests that such organization was supported, at least in part, by early
developmental events resulting from a different trajectory or from the occurrence of plastic changes.
Support for the hypothesis of the early establishment of this atypical organization comes from the
coinvestigation of the lateralization of production and comprehension with reading. In atypicals, dis-
sociations were observed between sentence production and comprehension (whether read or lis-
tened to), two functions known to be tightly coupled and early developing. By contrast, the rare
dissociations found in typicals occurred for reading, a later acquired competence. Moreover,
atypical organization occurring mainly in left-handers has a cost in terms of language abilities with
less efficient verbal memory. Finally, the present results argue for multitask measures of language
lateralization for evaluating hemispheric specialization for language in individuals with low lateraliza-
tion for language production, especially if they are left-handed.

Materials and methods

Participants
The study sample was part of the BIL and GIN database that has been fully described elsewhere
(Mazoyer et al., 2016). Briefly, 287 healthy participants of the BIL and GIN (150 left-handed, 140
women, 72 left-handed women) who completed the fMRI battery, including several language tasks
and a resting-state acquisition, were included in the present work. The sample mean age was 25.8
years (SD = 6.5 years). The mean educational level of the participants was 15.6 years corresponding
to almost 5 years education after the French baccalaureate (SD = 2.3 years).

For each participant, we recorded self-reported handedness and manual preference (MP)
strength assessed with the Edinburgh inventory (Oldfield, 1971). Left-handed participants had an
Edinburgh score of !63.2 (SD = 39.9).

Participants’ cognitive evaluation
Participants’ verbal abilities were evaluated with the following battery of seven tests: (1) a supraspan
recall test of an 18-word-list (Van der Elst et al., 2005) for verbal memory evaluation; (2) a supra-
span recall test of a list of 15 pseudo-words for verbal memory evaluation with minimal semantic
associations; (3) a verb generation test for semantic verbal fluency exploration; (4) a synonym finding
test for estimating vocabulary extent Binois and Pichot, 1956; (5) a listening span test based on
spoken sentences; (6) a reading span test based on read sentences for verbal working memory
assessment (Daneman and Carpenter, 1980; Desmette et al., 1995) and (7) a rhyming test on 80
visually presented pairs of pseudo-words for evaluation of graphophonemic conversion ability.

Visuospatial abilities were assessed with the following four tests: (1) The Mental Rotation Test
(MRT), which estimates the ability to rotate and spatially manipulate mental images
Vandenberg and Kuse, 1978; (2) the Corsi Block test, which evaluates visuospatial short-term mem-
ory abilities Della Sala et al., 1999; (3) a home-made 3D maze test for evaluating topographic orien-
tation skills; and (4) the Raven matrix for assessing non-verbal reasoning.

Language tasks completed during fMRI
The language fMRI paradigm has been fully described elsewhere (Labache et al., 2019). In short,
three fMRI runs were completed by the participants, each including a sentence-level task and a
word-list reference task corresponding to randomized alternation of event-related trials. Within each
trial, the participant was shown for 1 s either a line drawing (taken from the ‘Le Petit Nicolas’ comic
strip series) or a scrambled drawing, that was immediately followed by a central fixation crosshair.
While fixating the cross, the participant performed either the sentence task or the word-list refer-
ence task.

During the production run (PROD), after seeing a line drawing, the participant was instructed to
covertly generate a sentence beginning with a subject and a complement, followed by a verb
describing the action taking place and ending with an additional complement of a place or a man-
ner. When a scrambled drawing was displayed, the subject was asked to covertly generate the list of
the months of the year.
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During the listening run (LISN), whenever a Petit Nicolas line drawing was displayed, the subject
was instructed to carefully listen to a sentence dealing with the line drawing and to click at the end

of the sentence. When a scrambled drawing was displayed, he/she was instructed to listen to the list

of the months, days of the week and/or seasons and click at the end of the list.
During the reading run (READ), like in the two other tasks, whenever a line drawing was dis-

played, the subject was instructed to read a sentence based on the outline drawing. When a scram-

bled drawing was displayed, he/she was instructed to read the list of months, days of the week and/

or seasons.

Task execution and performance
The response times corresponding to the end of the sentence production, sentence listening and

sentence reading were recorded for each participant during the fMRI session, and right after the

fMRI session, the participants were asked to rate the difficulty of each of the tasks on a 5-level scale

(1:easy to 5:very difficult). For the production run, each participant was asked to recall and write

down, whenever possible, the sentence he/she elaborated when presented with each image, the

average number of words per (recalled) sentence being then computed.

Image acquisition and processing
Image acquisition
Imaging was performed on a Philips Achieva 3 Tesla MRI scanner (Philips, Erlangen, The

Netherlands).
The structural MRI protocol consisted of a localizer scan, a high resolution three-dimensional T1-

weighted volume (sequence parameters: TR 20 ms; TE 4.6 ms; flip angle 10˚; inversion time 800 ms;

turbo field echo factor 65; sense factor 2; field of view 256 " 256"180 mm3; 1 " 1 x 1 mm3 isotropic

voxel size) and a T2*-weighted multi-slice acquisition (T2*-weighted fast field echo (T2*-FFE),

sequence parameters:TR = 3,500 ms; TE = 35 ms; flip angle = 90 deg; sense factor = 2; 70 axial sli-

ces; 2 x 2 x 2 mm3 isotropic voxel size).
Language task-related functional volumes were acquired using a T2*-weighted echo-planar imag-

ing (EPI) sequence (TR = 2 s; TE = 35 ms; flip angle = 80˚; 31 axial slices with a 240 " 240 mm2 field

of view and 3.75 " 3.75 " 3.75 mm3 isotropic voxel size). In the three runs, 192, 194, and 194 T2*-

weighted volumes were acquired for the production, listening, and reading sentence tasks,

respectively.
Resting-state functional volumes (N = 240) were acquired as a single 8 min long run using the

same T2*-weighted EPI sequence. Immediately prior to scanning, the participants were instructed to

‘keep their eyes closed, to relax, to refrain from moving, to stay awake and to let their thoughts

come and go’.

Processing of structural images
For each participant, (1) the T2*-FFE volume was rigidly registered to the T1-MRI; (2) the T1-MRI was

segmented into three brain tissue classes (gray matter, white matter, and cerebrospinal fluid) and

normalized to the BIL and GIN template including 301 volunteers from the BIL and GIN database

using the SPM12 ‘segment’ procedure (http://www.fil.ion.ucl.ac.uk/spm/) with otherwise default

parameters. Whole volumes of these three compartments were extracted and brain volume calcu-

lated as their sum. In addition, hemispheric volumes (left and right) of gray and white matter were

extracted to compute their asymmetries (Table 3).
A semi-automated in-house corpus callosum segmentation procedure was then applied to extract

individual masks of corpus callosum obtained from 10 consecutive mid-sagittal slices of 1 mm width

on individual white matter maps in the MNI stereotactic space. An additional processing step to

remove the fornix, which was sometimes segmented and connected along with the corpus callosum,

was added. Quality control of corpus callosum segmentation was achieved by visual inspection of all

slices, and, when needed, manual corrections for minor segmentation error was applied using FSL

software. Each individual corpus callosum mask was then applied to each participant’s normalized

and modulated white matter partition images to estimate individual corpus callosum volume

(Table 3).
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Pre-processing of task-related and resting-state functional volumes
Functional data were corrected for slice timing differences. To correct for subject motion during the

runs, all T2*-weighted volumes were realigned using a 6-parameter rigid-body registration. The EPI-

BOLD scans were then registered rigidly to the structural T2*-FFE image. The combination of all reg-

istration matrices allowed for warping the EPI-BOLD functional scans from the subject acquisition

space to the standard space (2 " 2 " 2 mm3 sampling size) with a single interpolation.
Time series of BOLD signal variations in white matter and cerebrospinal fluid (individual average

time series of voxels that belonged to each tissue class) as well as temporal linear trends were

removed from the rs-fMRI data series using a regression analysis. Additionally, rs-fMRI data were

bandpass filtered (0.01 Hz - 0.1 Hz) using a least-squares linear-phase finite impulse response filter

design.

Language task-fMRI processing
Language task contrast maps
Statistical parametric mapping (SPM12, http://www.fil.ion.ucl.ac.uk/spm/) was used for processing

the task-related fMRI data. First, a 6 mm full width at half maximum (FWHM) gaussian filter was

applied to volumes acquired during each run. For each participant, differences between BOLD signal

volumes corresponding to sentence and list belonging to the same run were computed, namely sen-

tence minus word-list production (PRODSENT-WORD), sentence minus word-list reading (READSENT-

WORD), and sentence minus word-list listening (LISNSENT-WORD).

Regions of interest analysis using the SENSAAS atlas
BOLD signal variations during the three language tasks and resting-state and their asymmetries

were then computed for the set of 18 pairs of homotopic frontal and temporal regions of interests

(hROIs) that we previously identified in the subgroup of 144 right-handers as constituting a core net-

work of language areas (SENT_CORE, Figure 1 [Labache et al., 2019]). These 18 hROI-pairs were

selected as activated and leftward asymmetrical in these same three tasks and as constituting at rest

a network with strong positive correlations across the hROIS. Note that SENT_CORE areas contain

the antero-posterior high-order language areas, consistent with language meta-analyses of healthy

individuals (Price, 2010; Price, 2012; Vigneau et al., 2006), including three intrinsic connectivity

hubs corresponding to the inferior frontal gyrus (F3t) and two regions of the superior temporal sul-

cus (STS: STS3 and STS4 Figure 1).
Here, for each participant, each of the three contrast maps, and each of these 18 hROIs, left and

right BOLD signal variations were computed by averaging the contrast BOLD values of all voxels

located within the hROI volume. Then, for each participant and each contrast map, mean left and

right BOLD variations and asymmetry for the whole network were also computed as a weighted (by

volume) average of the corresponding 18 hROIs values (SENT_CORE), as well as the mean of the

three hubs (SENT_HUBS).

Resting-state organization of SENT_CORE network
For each individual and each hROI composing the SENT_CORE network, we computed a degree

centrality (Rs_DC) in each hemisphere. The Rs_DC in each participant and each hROI of each hemi-

sphere was calculated as the sum of the positive correlations existing between one hROI and all the

other hROIs of the SENT_CORE network. Rs_DC values were then averaged across the 18 hROIs of

the same hemisphere and the resulting left and right averaged Rs_DC values were summed and

divided by two so as to provide a SENT_CORE intra-hemispheric Rs_DC characterizing the strength

of within hemisphere intrinsic connectivity for this network. We also computed the left minus right

difference of the averaged Rs_DC values as a measure of the asymmetry in intra-hemispheric con-

nectivity strengths for the SENT_CORE network.
Interhemispheric connectivity strength was estimated in each individual by the average across the

18 hROIs pairs constituting the SENT_CORE network of the z-transformed intrinsic correlation coeffi-

cient between homotopic ROIs (mean Inter-Hemispheric Homotopic Correlations, Rs_mIHHC).
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Statistical analysis
Identification of groups of individuals with different brain organization for
language through hierarchical clustering
In a previous work (Mazoyer et al., 2014), we have shown that the distribution of lateralization for

sentence production, although of continuous nature, could be used to classify individuals into three

discrete categories. So, we believe it was justified to try to categorize individuals taking into account

not solely production but reading, listening and resting-state, as well. It is important to realize that

we did not a priori decide that the number of categories for this multivariate classification would be

3 (as it was when using production only). Rather, the optimal number of clusters for this multivariate

classification was obtained using a fully unsupervised methodology and a combination of 30 statisti-

cal criteria (see below).
The study sample was segregated in groups varying in their intra- and interhemispheric organiza-

tion in SENT_CORE using an agglomerative hierarchical clustering procedure. The variables entered

in this procedure were both functional asymmetries induced by each of the three language tasks and

intra- and interhemispheric SENT_CORE intrinsic connectivity metrics.
Task-induced functional asymmetries were obtained both at the SENT_CORE level, because of

the low intersubject variability that results from averaging over the whole set of 18 ROIs, and at the

SENT_HUBS level (i.e. when averaging asymmetries over three hubs: F3t, STS3, and STS4) because,

although more variable across individuals, this hub-averaged asymmetry involves supramodal

regions having a key role in the sentence core network (see Labache et al., 2019). There were thus

six variables for task-induced activation: the SENT_CORE and SENT_HUBS asymmetries for LISN-

SENT-WORD, PRODSENT-WORD and READSENT-WORD.
To investigate both the intrahemispheric integration in the language networks and the interhemi-

spheric differences, we included in the hierarchical classification the sum of the two hemisphere

Rs_DC values (left Rs_DC + right Rs_DC) and the Rs_DC asymmetry (left Rs_DC – right Rs_DC) calcu-

lated in SENT_CORE. To account for interhemispheric intrinsic connectivity strength, we included

the mean of the interhemispheric SENT_CORE homotopic correlation (Rs_mIHHC).
These nine variables were standardized before being jointly entered into an agglomerative hierar-

chical classification (Sneath and Sokal, 1973) that used the Euclidean distance for computing the

dissimilarity matrix and the Ward distance (Ward, 1963) to aggregate the different participants into

clusters using the ‘hclust’ function provided by default in R. The optimal number of clusters was

determined using the R library ‘NbClust’ (Charrad et al., 2014). This package provides 30 statistical

indices for determining the optimal number of clusters and offers the best clustering scheme from

the different results obtained by varying all combinations of the number of clusters for the chosen

method, in this case, hierarchical clustering with Ward’s distance. We selected the number of clus-

ters that satisfied a maximum of indices and found it to be equal to 3.
Hierarchical classification was completed with R (R version 3.5.1; R Development Core Team,

2013), while other statistical analyses were performed using JMP15 (http://www.jmp.com, SAS Insti-

tute Inc, 2018).

Identification of individuals with dissociations of lateralization across tasks
In a second step, we identified individuals exhibiting at least one dissociation in their lateralization

among the three language tasks, which means those who exhibited SENT_CORE functional asymme-

tries larger than 0.05 in amplitude in the opposite direction in one task compared to the others. We

also searched for individuals exhibiting a dissociation in their SENT_HUB asymmetries, which led to

the definition of two categories of individuals: 1. those exhibiting a dissociation for either SENT_-

CORE or SENT_HUB or both, who were named ‘CROSSED’; 2. those showing either leftward laterali-

zation for all tasks for both SENT_CORE and SENT_HUBS or right lateralization for all tasks for both

SENT_CORE and SENT_HUBS, who were named ‘CONGRUENT’.
Pearson’s chi-square tests were conducted to compare the proportion of ‘dissociation’ across the

clusters identified by the classification.
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Characterization of the groups provided by the classification with
different brain organization of the language network
Task performance, demography and handedness
To ensure that potential differences in the asymmetries measured during the language tasks were

not related to group differences in task execution time that was recorded during the task-induced

fMRI session, response times were compared across ‘language organization’ groups (corresponding

to the clusters of the hierarchical classification) taking into account sex, age, and brain volume. In

addition, within each ‘language organization’ group, we compared the groups of ‘CONGRUENT’

and ‘CROSSED’ individuals.
The different ‘language organization’ groups were compared with variables known to be associ-

ated with variability in language lateralization, namely, handedness, sex, age, and brain volume. To

complete these analyses, Pearson’s chi-square tests were applied for discrete variables (handedness

and sex) and ANOVA with Tukey’s HSD post hoc tests for continuous variables (age and brain

volume).

Task-induced and resting-state organization of the SENT_CORE network in
groups varying in their language network organization
We first comprehensively described the different types of organization of the sentence networks in

the groups issued from the hierarchical classification.
We used two repeated measures MANOVA to examine the task-induced asymmetries within

SENT_CORE and SENT_HUBS in the three language tasks searching for ‘task’ (three levels), ‘lan-

guage organization’ (three levels, that is, a number of levels corresponding to the number of identi-

fied clusters) and ‘handedness’ main effects and their interactions.
Note that to ensure that this between-group difference was not due to a difference in the occur-

rences of dissociations across ‘language organization’ groups, the statistical analysis was completed

on the absolute values of asymmetries within SENT_CORE and SENT_HUBS. We also examined in

the ATYP and TYP_MILD groups the effect of ‘dissociation’ and its interactions with ‘task’ on the

strength of task-induced asymmetries. The TYP_STRONG group was not considered in this analysis

because there were only 2 DISSOCIATED individuals in this group.
In the same way, we examined the resting-state variables, that is the Rs_DC asymmetries, Rs_DC

mean and Rs_mIHHC. For Rs_mIHHC, we performed the Fisher z-transformation to conduct the

analysis.
Finally, using repeated measures MANOVA, we searched whether there was a difference in rest-

ing-state organization with the occurrence of ‘dissociations’ depending on ‘language organization’

(restricted to two factors ATYP and TYP, as the TYP_STRONG and TYP_MILD groups that were not

different for Rs_DC and Rs_mIHHC were merged) by comparing their mean Rs_DC values and asym-

metries (including a main effect of ‘side’ in the MANOVA), and SENT_CORE Rs_mIHHC.
All post hoc analyses were conducted using Tukey’s HSD test for multiple comparisons.

Anatomical variables
To investigate the brain structural differences in groups with different functional organization of lan-

guage lateralization, we compared corpus callosum volume (CCvol) and asymmetries (left minus

right) in gray matter (GMasym) and white matter (WMasym) hemispheric volumes. In this analysis,

‘CROSSED’ or ‘CONGRUENT’ was studied in interaction with the ‘language organization’ main

effect restricted to two factors (‘TYP’ and ‘ATYP’).
First, to take into account variables that were found to covary with GMasym, WMasym and CCvol,

we computed the residuals of MANCOVAs that included age, sex, total brain volume and handed-

ness. These residuals of GMasym and WMasym were then entered in repeated measures ANOVA

including a ‘language organization’ main effect restricted to two factors (‘TYP’ and ‘ATYP’) and dis-

sociation (‘CROSSED’ or ‘CONGRUENT’) and their interaction as fixed factors and their interaction

with the anatomical compartment (gray matter or white matter).
The residuals of CCvol were entered in ANOVA searching for an effect of a ‘language organiza-

tion’ main effect restricted to two factors (‘TYP’ and ‘ATYP’), an effect of dissociation with two fac-

tors (‘CROSSED’ or ‘CONGRUENT’) and their interaction.
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Cognitive variables
First, we performed a multiple linear regression analysis of the scores of the 11 tests of the cognitive
battery, including sex, manual preference, age, education level and total intracranial volume as pre-
dictors since these variables have been shown to partly explain the variance in these scores
(Mellet et al., 2014a). Residuals of the 11 regression analyses were then entered into PCA with a
promax rotation. We used the scree criterion to determine the number of components to be
retained.

The ‘language organization’ groups were compared with regard to their cognitive abilities
through repeated measures MANCOVA including the four components of the PCA obtained from
the residuals of the 11 scores. Finally, an impact of ‘dissociation’ on cognitive abilities was also
tested in the ATYP and TYP_MILD groups (only two dissociations in TYP_STRONG).

Post hoc analyses were conducted using uncorrected Student’s t-tests.

Comparison of the different classifications for language lateralization
We also compared the present classification based on a multitask and multimodal approach to two
other classifications that were previously applied to the same group of individuals, namely, the
Gaussian mixture modeling classification on the HFLI obtained with the PRODSENT_WORD contrast
(Mazoyer et al., 2014) and an support vector machine approach applied at the voxel level, allowing
us to classify the dominant and nondominant hemispheres of each participant according to their spa-
tial pattern of activation during PRODSENT_WORD (Zago et al., 2017).

To compare these three different classifications obtained in the 287 subjects, we used the ‘ggallu-
vial’ R library to make an alluvial plot (Brunson, 2020). The alluvial plot allowed us to visualize, for
each subject, their classification as TYP_STRONG TYP_MILD or ATYP issued from the present work,
as typical, ambilateral (AMB), or strong-atypical (SA) based on HFLI (Mazoyer et al., 2014), and the
classification of each of the hemispheres as dominant or nondominant obtained with support vector
machine (Zago et al., 2017). Two plots were made, which included one for right-handed people and
another for left-handers.
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