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Introduction. Multi-modal approach to the study of brain functions is especially helpful in the case 
of reading processes, since they require the integration among sensory, motor and cognitive neural 
activities. The aim of the present work is to propose a mathematical framework for combining 
neurophysiological recordings (event-related potentials - ERPs) and functional magnetic resonance 
data (fMRI). These methodologies are not invasive, have complementary spatiotemporal resolution 
and provide significantly correlated measures of brain activity.  
Methods. ERPs and fMRI were separately recorded from 8 healthy adults with the same event-
related (ER) design with jittered inter-stimulus interval (ISI). Stimuli consisted of single letters and 
non-alphabetic symbols visually presented. Three reading tasks were adopted: letter presentation 
and symbol presentation (passive condition), that consisted in simply watching at letters and 
symbols respectively; letter recognition (active condition), that consisted in reading aloud the 
letters. ERPs obtained from each task were decomposed into their main potentials with Independent 
Component Analysis (ICA); Low Resolution Electromagnetic Tomography (LORETA) was applied 
to estimate the current density distribution inside the brain. Analysis of fMRI with multiple linear 
regression produced a cortical activation map for each task. The Euclidean distance between 
LORETA and fMRI local maxima and the extent of regions with significant overlap between the 
two maps were computed for integrating the information provided by the two methodologies.  
Results. The results obtained from the integration between LORETA and fMRI maps are different 
in the three reading tasks. During symbol presentation, bilateral temporal regions were similarly 
activated with both methodologies. During letter presentation and letter recognition, close 
LORETA-fMRI local maxima were found in bilateral temporal, right parietal and occipital lobes 
and medial precuneus.  
Conclusions. The distance between LORETA and fMRI local maxima depends on the local 
coupling between electrical and hemodynamic brain activity and on the different spatial resolution 
of the two maps. ERPs-fMRI integration is performed after a separate analysis of the two datasets: 
therefore the results obtained with the two methodologies do not influence each other. The results 
obtained from applying the method to healthy adults indicate that there is a good correspondence 
between LORETA and fMRI maps in several regions commonly related to linguistic processes. 
Thus, the results of this study support the value of the proposed approach, which proves to usefully 
exploit the optimal temporal resolution of ERPs and the optimal spatial resolution of fMRI for 
investigating the grapheme-phoneme association mechanisms naturally active during reading. 
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Figure : (a) Time course and (b) scalp map of an independent component (IC) estimated from the 
ERPs recorded during the letter presentation task from a single subject: this IC represents a 
physiological potential occurring at about 160 ms labelled N2. (c) Superimposition of (yellow) 
LORETA map of the corresponding IC and (green) fMRI map of the letter presentation task: red-
coloured regions indicate significant overlap of the two maps. 
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	Figure : (a) Time course and (b) scalp map of an independent component (IC) estimated from the ERPs recorded during the letter presentation task from a single subject: this IC represents a physiological potential occurring at about 160 ms labelled N2. (c) Superimposition of (yellow) LORETA map of the corresponding IC and (green) fMRI map of the letter presentation task: red-coloured regions indicate significant overlap of the two maps. 




