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Introduction 
   Diffusion MRI has established itself as an invaluable tool for the non-invasive probing of tissue microstructure and function. The 
sensitivity of water molecular dynamics to the local geometrical and physiological environment gives rise to unique options in brain 
diagnostics. Diffusion imaging techniques are routinely used in detecting acute stroke and accessing fibre orientations in white matter. 
However, neither the biophysical origin of the typically observed reduction of the apparent diffusion coefficient nor the underlying 
mechanisms of deviations from the patterns of normal isotropic diffusion in brain tissue are sufficiently understood. The complexity of 
diffusion behaviour is due to multiple factors such as compartmentalization and exchange, restrictions and anisotropy imposed by 
cellular microstructure, and interfacial interactions. Differentiation between the various contributions to the average NMR response 
represents a serious difficulty which hinders the establishment of relations between dynamics and structure in a quantitative manner. 
In recent years, increasing efforts have been made to interpret diffusion in brain tissue using simplified geometrical models [1, 2] that 
are already well established in studies of confined diffusion in porous media. In these models, the pore walls are usually regarded as 
non-interacting geometrical barriers. Cellular membranes, however, tend to influence water dynamic properties not only by merely 
obstructing diffusion pathways, but also via interactions in the interfacial region (“bound water”) [3]. In this work, Monte Carlo 
simulations of random walks in restricted geometries were performed taking account of such interactions. The latter were modelled in 
terms of “orienting” and “trapping” (or adsorbing) properties of the confining surface. We shall also discuss diffusion and relaxation 
MRI experiments using carefully selected phantoms and model systems.  
 
Model and Results  
   Random walks were simulated for spherical and cylindrical geometries as described elsewhere [4]. Two areas, interior and 
interfacial, were discriminated with respect to the dynamic properties of the 
diffusing molecules. In the interior region, random walks were unrestricted, and any 
re-orientations were assumed to be isotropic and fast. At the interface, fast re-
orientations were assumed to be anisotropically constrained, giving rise to a 
preferential molecular orientation relative to the surface. (This is a source of residual 
dipolar couplings contributing to the relaxation mechanism). Two quantities, the 

correlation function of spatial positions, )()0( trr , and the “dipolar” correlation 

function, )()0( *
,2,2 tYY kk , were evaluated. (Here, kY ,2 are second-order spherical 

harmonics, 2,1,0=k ). The trapping effect was regulated by the parameter bsW −  

defined as a probability for the molecule to perform the next random step if its 
momentary position is at the interface site. Correlation losses in this model were 
shown to occur predominantly by the exchange mechanism at relatively short times 
and by the mechanism of Reorientations Mediated by Translational Diffusion [5] in 

the long-time limit. The correlation time of the latter process, RMTDτ , is shown in Figure 1 as a function of the pore radius, R . The 

regime of quadratic dependence of RMTDτ on R is related to the Gaussian propagator characteristic of normal diffusion ( 1=−bsW ). 

Trapping effects ( 1<−bsW ) tend to give rise to deviations from normal diffusion statistics as exemplified by the regime of a linear 

dependence of RMTDτ on R . The results of diffusion and relaxation experiments performed with several model systems are discussed 
in the context of these findings.  
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Figure 1. RMTDτ as a function of sphere radius, R .  
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