
Figure 2:  Changes in diffusivity following new vocabulary acquisition. 
Significant clusters are shown: MD increase in the (A) STG. (B) 
hippocampus. FA decrease in the (C) fusiform gyrus (D) IFG. (p<0.005 
for illustration purposes)
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Introduction:  
MRI offers a powerful tool to investigate neuroplasticity in the adult human brain. Most studies concerning cortical plasticity have shown morphometric 
alternation in cortical density after long term training of weeks to months1. A recent DTI study found changes in diffusion indices after 2 hour training, 
suggesting a more rapid timescale of neuroplasticity2. However, whether a short learning experience can induce microstructural changes in the neocortex is still 
unclear. Furthermore, in order to detect changes in the neocortex a higher scanning resolution is needed. Here we used diffusion MRI, a sensitive method of 
tissue's microstructure, to study cortical plasticity. In order to attain cortical involvement we used a short language task (under 1 hour). 
 
Methods:  
Word learning task: 15 adult participants (mean age 25.6) learned new words in their native language. Their goal was to learn 20 unfamiliar flowers names. 
Names were written on cards next to the flower picture. Training was divided into 6 sessions of 5 minutes. After each session, the participants were tested. They 
were presented with cards with the pictures of the flowers and were asked to write the flower's name on each card. Overall, the learning session took about 50 
minutes. Participants were scanned before and immediately after the learning task.  
Scanning protocol: DTI was acquired twice, with sagittal slices covering the left hemisphere in order to achieve better resolution. Matrix size was 128X128, 
resolution 1.5X1.5X2.1 mm3, b value: 1000 s/mm2, 30 gradient directions and one b0 image. The composite hindered and restricted model of diffusion3 
(CHARMED) was also acquired with sagittal slices covering the left hemisphere. Matrix size was 160X160 (reconstructed to 256 X256), resolution 0.75 X0.75 X2.6 
mm3, max b= 3000, 34 different gradient directions and increasing b values (b= 1000, 200, 3000 s/mm2) with 2 images at b=o.  SPGR: whole brain axial slices 
were acquired twice. Resolution 0.83 mm3, TR= 8.9960ms, TE=3.162ms.  
Image processing: DTI analysis was done using Explore DTI4. CHARMED analysis included motion correction5 of the high b value images, and analysis was 
performed according to the CHARMED framework3 in order to extract maps of the 
restricted fraction (Fr).  
Using SPM 8 and FreeSurfer we were able to extract masks of cortical regions of interest in 
the left hemisphere (fusiform gyrus, superior temporal gyrus (STG), middle temporal gyrus 
(MTG), inferior frontal gyrus (IFG), inferior-parietal gyrus and the hippocampus) in a 
different subject that served as template, and normalize all images and masks to MNI space. 
The normalized fractional anisotropy (FA) image functioned as the template. Participants' 
analysis: Fr maps were co-registered to their respective FA images. Each subject's FA image 
was first normalized to its matching mean image, and then to the template. Normalization 
was then written on mean diffusivity (MD), Lambdas and Fr images and smoothed before 
statistical analysis.  
 
Results:  
Participants showed continuous improvement in the learning task (Figure 1), indicating an 
aptitude of rapidly learning a language task. Since we were focused on specific regions 
related to the task, and in the interest of reducing statistical comparisons, voxel-based 
statistical analysis was restricted to specific regions using the template's cortical masks. 
Paired t-test was calculated using Matlab©, and a threshold of cluster>5 and p<0.001 was 
applied. Increase in MD was found in the hippocampus (3.5% s.t.e 0.88) and STG (2.87% 
s.t.e 0.53) (Figure 2: A,B). Lambda 1 (L1) significantly increased in the STG cluster, and radial 
diffusivity (RD) was increased in the hippocampus. Decrease in FA was found in the fusiform 
gyrus (-3.9% s.t.e 0.845) and IFG (-7.12% s.t.e 1.44) (Figure 2: C,D). Significant increase was 
shown in RD in the IFG. FR decrease was also found in the same cluster as the FA though 
with a less restricted p values (p<0.005).  
 
Discussion: 
These results show a first indication of cortical plasticity in the human brain after a short 
language learning task (introducing new lexical items to the lexicons). Using diffusion MRI 
we were able to detect microstructural changes in regions involved in language and reading. 
It seems that short training of less than an hour of high cognitive demand can induce 
microstructural changes in the cortex, suggesting a rapid time scale of neuroplasticity and 
providing additional evidence of the power of MRI to investigate the temporal and spatial 
progress of this process. 
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