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Metode de neuroimagisticaMetode de neuroimagistica

�� De tip structural (morfologic)De tip structural (morfologic)

�� Tomografia CT Tomografia CT 

�� Imagistica prin Rezonanta Magnetica (IRM)Imagistica prin Rezonanta Magnetica (IRM)

�� De tip functionalDe tip functional::

�� DIRECTE DIRECTE 
�� ElectrofiziologieElectrofiziologie

�� ElectroElectro--encefalografie encefalografie 

�� MagnetoMagneto--encefalografie encefalografie 

�� INDIRECTEINDIRECTE
�� Medicina NuclearaMedicina Nucleara

�� Tomografia prin Emisie de PositroniTomografia prin Emisie de Positroni

�� Tomographia Tomographia MMonoono--photonique photonique 

�� Imagistica prin Rezonanta Magnetica Nucleare funtionalaImagistica prin Rezonanta Magnetica Nucleare funtionala (IRM)(IRM)
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IRM vs IRMf

IRM exploreaza anatomia IRMf exploreaza functia

IRMIRM IRMfIRMf



�� Neinvaziva Neinvaziva –– nu necesita injectare nu necesita injectare 
de produs de contrast; trasorul este de produs de contrast; trasorul este 
«« endogenendogen »» (Hb)(Hb)

�� IndirectaIndirecta -- mmasoara asoara variatia debitului variatia debitului 
sanguin local si a oxigenarii sanghine sanguin local si a oxigenarii sanghine 

�� AnatomoAnatomo--functionalafunctionala -- Permite obtinerea Permite obtinerea 
concomitenta concomitenta a a imaginilorimaginilor anatomice si anatomice si 
functionalefunctionale cerebralecerebrale

IRMf cartografie functionala



RMN: RMN: RezonantaRezonanta MagneticaMagnetica NuclearaNucleara

Magnetisation
PolarisationPolarisation

Magnetic field
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DepolarisationDepolarisation
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IRMfIRMf

�� EvaluareEvaluare indirectaindirecta a a 
activitatiiactivitatii neuronaleneuronale ::
�� VariatieVariatie localalocala de debit de debit 
sanghinsanghin

�� VariatieVariatie localalocala de de oxigenareoxigenare
sanghinasanghina
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IRM             IRM             IRMfIRMf

ImaginiImagini multiple la multiple la 
fiecarefiecare 2 s2 s

RS +++RS +++
(1 mm)(1 mm)

RSRS--
(~(~33 mm)mm)

1 imagine 1 imagine îînn 10 min10 min

↑↑ act. act. neuronaleneuronale �� ↑↑ O2 O2 ssîîngenge �� ↑↑ semnalsemnal RMNRMN

IRMfIRMf -- StimulusStimulus

IRMfIRMf necesitanecesita stimularestimulare cerebralacerebrala internainterna sausau externaexterna!!



IRMfIRMf –– cartografiecartografie functionalafunctionala

Statistical mapStatistical map
superimposed on MR imagessuperimposed on MR images

~2s~2s

IRMIRM

TimpTimp

Conditie

Conditie
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Conditie

Conditie
22 ...

...

~ 10 min~ 10 min

TimpTimp

IRMIRM
(% (% variatievariatie))

ROIROI

ConditieConditie

RegiuneRegiune de interestde interest



EchipamentEchipament de de stimularestimulare cerebralacerebrala



IRMfIRMf –– consideratiiconsideratii practicepractice

Scan Scan pozitionarepozitionare

Scan functional Scan functional 
ParadigmaParadigma de de 

activareactivare

ACAC PCPC ACAC PCPC

Scan anatomicScan anatomic
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Cortex Cortex -- 6 6 straturistraturi

I. I. MolecularMolecular

II. II. Granular extern Granular extern 

III.III. PiramidalPiramidal extern extern 

IV.IV. Granular intern Granular intern 

V. V. PiramidalPiramidal intern intern 

VI. VI. FuziformFuziform

Cortex cerebral



ProprietatiProprietati citoarhitectonicecitoarhitectonice -- BrodmannBrodmann



•• Specializare emisfericaSpecializare emisferica -- relativarelativa

•• Specializare regionalaSpecializare regionala –– reteleretele de de regiuniregiuni cerebralecerebrale

�� Productie Productie vs. vs. DecodajDecodaj verbalverbal

�� Vorbit Vorbit vs.vs. ScrisScris

�� Procese lingvistice: orthografie, fonologie, Procese lingvistice: orthografie, fonologie, 
semantica, sintaxa, prozodiesemantica, sintaxa, prozodie

LIMBAJLIMBAJ –– functiefunctie cognitivacognitiva complexacomplexa



Paul BrocaPaul BrocaPaul BrocaPaul Broca

Carl WernickeCarl WernickeCarl WernickeCarl Wernicke

SPECIALIZARE EMISFERICASPECIALIZARE EMISFERICA



SistemSistem anterioranterior (Broca)(Broca) PRODUCTIE VERBALAPRODUCTIE VERBALA

SistemSistem posteriorposterior (Wernicke)(Wernicke) DECODAJ VERBALDECODAJ VERBAL

A(B) P(W)



6AB6AB

4 AB4 AB 3, 1, 2 AB3, 1, 2 AB

45 AB45 AB44 AB44 AB

BrocaBroca

OrganeOrgane

fonatoriifonatorii

PRODUCTIE VERBALAPRODUCTIE VERBALA



42 AB42 AB41 AB41 AB

Input auditifInput auditif

22 AB22 AB
40 AB40 AB

17 AB17 AB

Input visuelInput visuel

39 AB39 AB

37 AB37 AB21 AB21 AB

DECODAJ VERBALDECODAJ VERBAL



••SpecializareSpecializare emisfericaemisferica

••SpecializareSpecializare regionalaregionala

IRMf

A(B)A(B) P(W)P(W)

A(B)A(B)

P(W)P(W)
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STUDII STUDII IRMfIRMf EPILEPSIEEPILEPSIE

SCOP:SCOP:

••EvaluareEvaluare prepre--chirurgicalachirurgicala a a reprezentariireprezentarii
cerebralecerebrale cognitive (cognitive (limbajlimbaj))

••ReorganizareReorganizare cerebralacerebrala ((plasticitateplasticitate))

EpilepsieEpilepsie FOCALA FOCALA sisi FARMACOFARMACO--REZISTENTA REZISTENTA 



= boala neurologica, expresia unei disfunctionari 
cerebrale, acute si tranzitorii, a activitatii electrice 
cerebrale, tradusa clinic prin repetitia crizelor de 
epilepsie (crize comitiale) 

Tipuri

Epilepsie generalizata – zona epileptogena 
neidentificata
• crize tonico-clonice
• absente epileptice

Epilepsie focala – zona epileptogena identificata

EpilepsieEpilepsie



•• SpecializareSpecializare emisfericaemisferica –– atipicaatipica

•• IncidentaIncidenta crescutacrescuta de de reorganizarereorganizare cerebralacerebrala
Pre +/Pre +/-- chirurgiechirurgie

EPILEPSIEEPILEPSIE

CARACTERISTICI RETELE LIMBAJCARACTERISTICI RETELE LIMBAJ
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Epilepsie FFREpilepsie FFR ControlControl
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% RM% RM



ZE: ZE: 

VEEG, IRM, VEEG, IRM, 

TEP,SPECT..TEP,SPECT..

SH + SH + CartografieCartografie cerebralacerebrala

WadaWada SECSEC

EpilepsieEpilepsie focalafocala

sisi FRFR

ChirurgieChirurgie

IN PRACTICAIN PRACTICA



EZ: EZ: 

VEEG, IRM, VEEG, IRM, 

TEP, SPECTTEP, SPECT

IRM IRM functionalafunctionala

EpilepsieEpilepsie focalafocala

sisi FRFR

ChirurgieChirurgie

????????

IN PRACTICAIN PRACTICA



PARTICULARITATIPARTICULARITATI ALE EXPLORARII ALE EXPLORARII IRMfIRMf LA LA 
PACIENTI (PACIENTI (analizaanaliza individualaindividuala!)!)

••ExercitiulExercitiul de de activareactivare -- apropriatapropriat, s, scurtacurta
duratadurata, , evaluareevaluare comportamentalacomportamentala……

••Design experimentalDesign experimental –– robusteterobustete statisticastatistica

••MetodaMetoda pprelucrarerelucrare datedate sisi de de cuacuantificarentificare a SEa SE

••ValidareValidare expexperimentalaerimentala -- subiectisubiecti ““controlcontrol””



PROBLEMATICA GENERALA

Aplicatie clinicaCercetare fundamentala

TL

AdC

sexe

IL

SH

Functii: LIMBAJ - MEMORIE EPISODICA

Psy Cognitiva  et Neuropsihologie Ø Déficits  

PLASTICITATE CEREBRALA?

Neuroanatomie functionala - Psychologie Cognitiva 
Neuropsihologie



Phonologie Sémantique Prosodie

Organisation anatomo-fonctionnelle : sujets témoins  

�Langage

••SpSpéécialisation inter cialisation inter –– et intraet intra-- hhéémisphmisphéérique (cartographie) rique (cartographie) 

•Variabilité inter-individuelles (préférence manuelle, genre, etc.) 

PerronePerrone et al. 2009; Cousin, et al. 2009; Cousin, PerronePerrone et al. 2009; et al. 2009; PerronePerrone et al.,2010 (soumis); et al.,2010 (soumis); PerronePerrone et al. en pret al. en prééparationparation

Témoins Patients         
pré-chirurgie 

Patients           
post-chirurgie 

6 mois

Réorganisation anatomo-fonctionnelle : patients 

�Mémoire Episodique

Images Mots Visages



Exemple résultats cartographie langage

HG
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Pôle temporal supérieur
(PTS)

Structures hippocampiques
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• Spécialisation hémisphérique en fonction de la tâche

• Spécialisation hémisphérique en fonction de la ROI et de la tâche

• Spécialisation hémisphérique en fonction de la ROI et de la condition 
pathologique

Tâche 
Phonologique

-80

-40

0

40

BOL-PRE Témoins BOL-PRE Témoins BOL-PRE Témoins
GTS PTS Hipp

**

**
** **

%
 s

ig
n
a
l 
c
h
a
n
g
e



20%

60%

100%

PRE POST

R
C

(%
)

ns
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HG HD

Cas CS : F 23 ans  (DC 18 a); ZE - temporale interne gauche

Bilan neuropsychologique: droitière (inventaire d’Edinburgh), Q.I.V (Binois et Pichot) : 72

Résultats comportementaux : 

Résultats  neuroimagerie : 

Témoins
(12 femmes droitières)

PRE POST

PRE > POST

Exemple résultats cartographie langage



ParadigmaParadigma ““blocbloc””
8 scans/subject8 scans/subject
12 12 listeliste/scan /scan 
16 16 cuvinte/listacuvinte/lista

SENS
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IRMfIRMf -- specializarespecializare emisfericaemisferica



McDermott et al, McDermott et al, NeuropsychologiaNeuropsychologia 20032003

Baciu et al, Baciu et al, EpilepsyEpilepsy & & BehaviourBehaviour, 2003, 2003

Baciu et al, Baciu et al, NeuroradiologyNeuroradiology, 2005, 2005

maxmax

minminLHLH

Patient #2Patient #2Patient #1Patient #1 Patient #3Patient #3

LHLH LHLH

Baciu et al, Baciu et al, NeuroradiologyNeuroradiology, 2005, 2005



DetectieDetectie «« rimarima »»
FONOLOGIEFONOLOGIE

CategorizareCategorizare «« viuviu »»
SEMANTICASEMANTICA

IRMfIRMf -- specializarespecializare regionalaregionala –– operatiioperatii lingvisticelingvistice



ZE = S temporalZE = S temporal
SE G SE G –– IRMfIRMf ((IL = 1IL = 1), VEEG), VEEG

z = 14

ES

ZE = S temporalZE = S temporal
BilateralBilateral–– IRMfIRMf ((IL = .18IL = .18) ) 
WadaWada

z = 16

ZEZE = = DD temporal temporal 
SE DSE D –– IRMfIRMf ((ILIL = = --11), Wada), Wada

z = 16

Baciu et al, Epileptic Disord, 2001
Cousin, Baciu et al, Eur J of Radiol, 2007

ES



Baciu et al, Baciu et al, EpilepsyEpilepsy & & BehaviourBehaviour, 2003, 2003



A vs. CA vs. C A vs. CA vs. C

2. 2. MetodaMetoda ““flipflip””

A vs. C A vs. C II vs.vs. T vs. C T vs. C I 180I 180°°

Images endroit

HD HG

Images miroir

HG HD
-

Images endroit

HD HG

Images miroir

HG HD
-

II I I 180180°°

SS

180180°°

SS

CuantificareaCuantificarea predominanteipredominantei emisfericeemisferice

IL >  0 = ES
IL <  0 = ED
IL =  0 = RB

A vs. CA vs. C

IL =
(n FS + n TS) – (n FD + n TD)

(n FS + n TS) + (n FD + n TD)

1. 1. CalculCalcul IndiceIndice de de lateralitatelateralitate

SS SS

SS SS



A vs C

Pacient 1

Pacient 2

Pacient 3

Pacient 1

Pacient 2

Pacient 3

A vs. C I vs. T vs. C I 180°



Analiza ROIs

http://marsbar.sourceforge.net

10 mm radius

T vs C

z = 0mm z = 4mm T value

0

2

4

6

8

10

12

z = 20mm z = 24mm

RH LH

IPL L/R (BA 39/40), x y z, IPL L/R (BA 39/40), x y z, --/+52 /+52 --44 2444 24

MSTG L/R (BA 21/22), x y z, MSTG L/R (BA 21/22), x y z, --/+56 /+56 --36 036 0

IFG L/R (BA 44/45), x y z, IFG L/R (BA 44/45), x y z, --/+48 12 20/+48 12 20



Nivel emisferic
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SEMANTICASEMANTICA

Tip Tip subiectsubiect x x LocalizareLocalizare ZE x ZE x OperatieOperatie lingvisticalingvistica
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AB 21/22AB 21/22
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Nivel regional TEMPORAL
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RegiunileRegiunile cerebralecerebrale «« activateactivate »» cucu
IRMfIRMf

reprezintareprezinta

RegiuniRegiuni esentialeesentiale ale ale limbajuluilimbajului ??



SECSEC IRMfIRMf
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InducedInduced Gamma Gamma ResponsesResponses : a : a simplifiedsimplified time linetime line

19901990 animalsanimals

RougeulRougeul--BuserBuser
Gray and Singer, 1989Gray and Singer, 1989
……

19951995 scalp EEGscalp EEG TallonTallon--Baudry et al, Baudry et al, ……
1996,1997, 1996,1997, 

20002000 sEEGsEEG Lachaux et al, 1999Lachaux et al, 1999
CroneCrone et al., 1999et al., 1999



SEEG/SEEG/iEEGiEEG

SEEG = SEEG = spatiospatio--temporaltemporal cartographycartography of the of the epileptogenicepileptogenic networknetwork



TallonTallon--Baudry et al., 1999Baudry et al., 1999Cognitive Cognitive activityactivity = Cognitive EP = Cognitive EP frequencyfrequency >40 Hz>40 Hz



ElectrodesElectrodes
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