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 Summary of my Research Interests:  
 

I was trained as a psychologist at the University “La Sapienza” in Rome, Italy and I 

subsequently specialized in Neuropsychology both in Marseille, France and at the National 

Institute of Health in Bethesda, Md, USA. I therefore have extensive experience in clinical 

and research work with brain damaged patients. I also committed myself to pursuing my 

research interests by combining behavioural studies in normal subjects and in patients using 

Neuroimagery and Neurophysiological  techniques (autonomous function monitoring, EMG, 

EEG, TMS).  

Currently Director of Research at the CNRS Institute des Sciences Cognitives in Lyon, 

I lead a group of scientists including junior researchers, post-docs, technicians and graduate 

students. This group is strongly multidisciplinary in its composition and its research themes. I 

have strong collaborations with clinicians in neurology, psychiatry, neurosurgery and 

rehabilitation medicine.  I coordinate a multicenter study on patients who benefited from hand 

allografts which is funded by a collaborative award from the American National Science 

Foundation. My current research interests include high-level disorders of movement execution 

and ideation. Behavioural and neuroimagery (fMRI, EEG) studies are conducted in normal 

subjects, and in patients with brain damage or peripheral injury (amputees, brachial plexus) in 

order to understand the functions of different brain regions such as the parietal and motor 

areas in motor planning and movement prediction. Our current hypothesis is that the parietal 

regions are important in monitoring internal signals from sensory feedback, forward model 

and movement intentions (see Sirigu et al, Science 1996; Sirigu et al, Nature Neuroscience, 

2004; Kilner et al. Nature Neuroscience, 2005). Although we emphasise the role of central 

mechanisms in guiding goal directed actions, the way in which afferent information (visual or 

proprioceptive) contributes or in some case interferes with those signals is also investigated 

(see Sirigu & Duhamel, Journal of Cognitive Neuroscience, 2002; Vargas et al., Cerebral 

Cortex, 2004). Since 2006 with Michel Desmurget (senior scientist in our group) and Karen 

Reilly ((senior scientist, recently recruited at CNRS) we have undertaken a series of studies 

where we directly stimulated different cortical and subcortical regions in awake patients 

undergoing brain surgery after suffering from a tumour. The aim here is to identify how motor 

areas are organised and how premotor and parietal regions contribute to motor awareness.  

These projects are currently done in collaboration with Dr. Carmine Mottolese, neurosurgeon 



at the Neurosurgery Department of the Neurological Hospital in Lyon and with Dr. Hugues 

Duffau neurosurgeon at Montpellier University.   

  An important issue we address in our group concerns the plasticity of the motor 

system at both behavioural and neural level. With Karen Reilly and Catherine Mercier 

(postdoc in our group), we recently explored the hypothesis that hand movements 

representations are perhaps still intact in the motor cortex after amputation, thus questioning 

several studies that have reported a shrinkage of the hand area in M1 (Mercier et al, Brain 

2007; Reilly et al, Brain 2007). We stimulated the amputees’ motor cortex using TMS while 

monitoring stump muscles activity and subjective reports of TMS-evoked movement 

sensations. In a parallel study, the same patients were asked to produce phantom movements 

while EMG activity in the remaining stump muscles was being recorded. When TMS was 

applied to different sites in the former hand representation, the stimulation evoked distinct and 

reproducible phantom movements. Furthermore voluntary movements of the phantom hand 

were associated with specific patterns of stump muscle activity, which differed from activity 

recorded in the same muscle groups during movements of the proximal limb. These findings 

have clearly implications on how limb representation following amputation is reorganized in 

M1. Contrary to the current belief that neurons in the hand region disappear to the profit of 

those coding proximal movements, this work clearly shows that the primary motor cortex still 

retains the ability to generate manual motor commands, albeit addressed to new muscle 

groups. We recently presented a new model of M1 organisation before and after limb 

amputation (Reilly & Sirigu, The Neuroscientist, 2007). 

In collaboration with the group lead by Prof Dubernard, who performed in a upper 

limb amputee the first world double hand allograft, we demonstrated that the patient’s brain 

integrated the “new” hands by overthrowing the cortical reorganisation induced by the 

amputation (Giraux et al, Nature Neuroscience 2001). We also showed in amputees with 

phantom pain that when these patients are provided with a visual feedback of the missing limb 

in movement the motor cortex is reactivated and pain disappears (Giraux & Sirigu, 

Neuroimage 2004). The same technique adapted to hemiparetic patients with cortical lesions 

(we trained them to visualise a correct movement of their intact hand instead of seeing 

moving their own affected limb) proved to be very successful. Finally, the knowledge we 

gained on the properties of normal functioning of the motor system has been fruitful in 

designing new rehabilitation techniques for patients suffering from obsessive compulsive 

disorder which can be considered a high level motor impairment. Another important aspect of 



action representation I work on since my post-doctoral stay at NIH concerns the contribution 

of cognitive and emotional process to decision making and the role of the frontal areas in 

regulating these behaviours (see our recent papers Camille et al, Science 2004; Coricelli et al, 

Nature Neuroscience, 2005; Coricelli et al, Trends in Cognitive Science, 2007). Several 

projects on neuroeconomics are about to be completed and others are planned where we 

intend to study the mechanisms of decision making from a game theory perspective using 

lesion and neuroimaging methods. More particularly we focus on how strategic thinking and 

emotions related to reward, self-interest or fairness regulate human individual and social 

behaviour. We are also studying how patients affected by autism behave in a social 

environment (Elissar Andari). Our goal is to identify rehabilitative techniques that can modify 

these patients’ behaviour in a social setting.   

 People in our group work in small teams to favour scientific exchanges and increase 

motivation. One single researcher can be a leader in a project but also be part of other studies 

sharing the same scientific question. My collaborators know that research requires time so 

before any project begins we always ask whether the predicted results will contribute to 

increase knowledge in our field.  For us, doing research is not a job but a passion that once we 

are in is very difficult to leave. 
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GROUP MEMBERS:  
Angela Sirigu, Coordinator 
 
 
Permanent members:  
Michel Desmurget, senior scientist, INSERM (CR1), Specialty: motor control, brain 

plasticity. 

Karen Reilly, PhD, University of Rochester, USA; Specialty: Motor control and motor 
plasticity in grafted patients and amputees, EMG, TMS. 

Alexandre Mayer, Associate professor, CNRS, UCLB Lyon, Specialty: Computer 
science. 

Mateus Joffily, Research Engineer, (IR) CNRS. 

Carmine Mottolese, Neurosurgeon, Chief of Neurosurgery Department, Neurological 
Hospital, Lyon, Specialty: motor control, cortical stimulation. 

Andres Posada: Specialty: motor awareness, EEG? MEG (Under CNRS contract)  

 

Post-docs:  

 

Francesca Carota, PhD, University of Siena, Specialty: language and action, MEG, 
fMRI 

Gianluca Deiana, MD, University of Cagliari, Italy, Specialty: Motor plasticity, cortical 
stimulation, EEG.  

 
Graduate students: 
Antoine Aballea, 3rd year of PhD in Neuroscience, Specialty: Motor plasticity in 

amputees and allografted patients, TMS. 

Erika Rodrigues,  co-directed with Claudia Vargas, Federal University of Rio de Janeiro. 

Helene Parmentier, 1 year of PhD in Neuroscience, Specialty: Motor recovery after 
peripheral injury. 

Elissar Andari, decision making and autisme.  

Irene Cristofori, 1nd year of PhD in Neuroscience, Specialty: decision making and 

neuroeconomics. 



 
 

 

RESEARCH TOPICS  
1:  Movement Representation, Prediction and Parietal lobes 
2: Intention and Motor Awareness 
3. Cortical Plasticity and Motor Rehabilitation  
3: Decision making, Emotions and frontal cortex 
4: Social Competence and Autism  
 
 
 
 
 

EXPERIMENTAL MODELS AND TECHNIQUES WE USED TO 
EXPLORE BRAIN FUNCTIONS: 

 
           Cortical lesions              fMRI                         TMS                       MEG 

            
 

Hand & Faces Transplant      Direct Cortical Stimulation 
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