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The memory domain
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Neuro-plasticity in Adults
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What is the mechanism of the volumetric neuroplasticity related changes?
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Diffusion Tensor Imaging
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The MD:

 Robust

 Homogeneous Across the brain

 Fast Acquisition

 Well defined in GM and WM

 Simple Interpretation



The Need for Speed
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Effect of Learning and Memory

-7.5%

-5.0%

-2.5%

0.0%

2.5%

5.0%

7.5%

CG1           CG2           LG

%
 A

D
C

 C
h

an
ge

-7.5%

-5.0%

-2.5%

0.0%

2.5%

5.0%

7.5%

CG1           CG2           LG

%
 M

D
 C

h
an

ge

-7.5%

-5.0%

-2.5%

0.0%

2.5%

5.0%

7.5%

LG            CG1           CG2

%
 M

D
 C

h
an

ge

Learning Active 

Control

Passive

Control

0.05

0.025

0.01

0.0075

0.005

0.0025

0.001

0.00075

0.0005

0.0001

p-value

P<0.005

R=0.7, p<0.001

%-8.0

%-6.0

%-4.0

%-2.0

%0.0

%2.0

%4.0

%6.0

%8.0

Improve Rate
%

 M
D

ch
an

ge

0             0.05           0.1           0.15            0.2

Sagi, Tavor et al., Neuron 2012

• Mechanism

• Network

• Organization



Working Memory Structural Plasticity?
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Training period: 2 hours
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Structural Remodeling
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Source of MD reduction
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Blocking astrocyte activation

Yu, Schummers, Sur, 

in: “Imaging the brain with optical methods, pp 45-65, 2010

mGluR

Glial glutamate transporter



Pharmacological Interference to 
learning
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The temporal dynamics of brain 
plasticity

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Exp. 3  
5 session

4 trials in each session

Overnight

Day 0 session1 Session 2 Session 3 Day 1

Exp. 2  
3 session

4 trials in each session

Overnight

Exp. 1  3 session

4 trials in each session

Short term memory

Day 0 session1 Session 2 Session 3 Day 0

Long Term Memory

Short Term Memory

Consolidation



Short Term Memory
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Long Term Memory
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Retrieval
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Dynamics of Plasticity
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Spatial Organization?

Is there a system level organization within the hippocampus?

Yacoub et al. 

PNAS 105, 10607, 2008
De Costa et al. 

Journal of Neuroscience 31, 14067, 2011
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No place maps (based on 
electrophysiology)



Spatial Organization in the 
hippocampus?

4 groups: for each the platform 
is located at a different 
quadrant (n=52).
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Is there a preference for 
location? 
(i.e. voxels where MD reduction was larger 
for specific platform location)



Preference for Index



Summary

• Diffusion MRI based characterization of neuroplasticity opens 
new opportunities to explore the memory domain

• The mechanism of diffusion MRI changes seems to be strongly 
related to astrocyte activity

• Structural neuroplasticity is a dynamic process that progress 
in space and time within the brain

• Diffusion MRI enables measurement of neuroplasticity on the 
system level for the whole brain providing a more holistic and 
comprehensive characterization of this process



Acknowledgements

IdoShir ShaniAssiOmri

EyalRotemHadas

DanaIttai

Maya

Prof. Galit Yovel, TAU

Dr. Yossi Yovel, TAU

Prof. Amir Amedi, HUJI

Dr. Daniel Barazany, TAU

Dr. Yael Piontkevitch, TAU

Dr. Shlomi Lifshits, TAU

Prof. Anat Achiron, SHEBA

Prof. Peter Basser, NIH

Prof. Derek Jones, UK

Dr. Alexnader Leemans, The Netherlands 

(ExploreDTI)

Mr. Nadav Mark

Strauss Center for Computational 

Neuroimaging

Omri




