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Comparison between tractography 
based on diffusion tensor microscopy 
and histology. This study used rat and 
pig tissue [6]. See also (5,7). 
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Above: Example of procedure to 
quantify neurite architecture based 
on Golgi stains of cortical neurons 
in the ferret. The scatter matrix is 
estimated from the orientations of 
the line elements indicated in the 
figure. 
 
Right: comparison of orientation 
distribution of neurites to diffusion 
anisotropy [4]. 

Demonst ra t ion o f a l ignment 
between principal directions of 
neurites and diffusion tensor in 
ferret brain [4]. 
 

Microstructural diffusion modeling also informs diffusion tensor 
interpretation: 
( ) ( )( ) ( )Tr / 3 Tr / 3L TD Dν − − = −T T I D D I

T scatter matrix from fODF 

Characterising brain microstructure with diffusion magnetic 
resonance imaging combined with biophysical modeling 

Introduction: 
The neurophysics group uses biophysical modelling and magnetic resonance imaging to develop 
techniques to study the structure of the brain on a micrometer scale, i.e. its microstructure. Our work 
enables subtle changes in microstructure of the living brain to be visualized noninvasively, with 
applications both in health and disease. Our work requires good understanding of the physics behind 
magnetic resonance, diffusion in complex media, physical modeling in general, and data 
analysis, and we have access to both human and highfield animal MRI scanners. We have a great deal 
of cross disciplinary collaboration with scientists from many fields, including medicine, statistics, and 
engineering.  
Below is a brief summary of some recent projects from the group.  It may also be possible to pursue 
student projects in other neurophysics topics, such as computational neuroscience.  
 
Background: 
Magnetic Resonance                                                    Diffusion weighting 

W from full tensor. 
Scan time: ~11 mins 
CPU time: ~1 hour to fit 

W139 from fast protocol 
Scan time: 55 secs 
CPU time: 2 secs (whole brain) 
Clinically feasible. 
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The cumulant expansion of the diffusion signal defines the kurtosis tensor W: 
 
 
Compared to the diffusion coefficient the microstructural underpinnings of the rank four kurtosis  
tensor are quite complex: 

Nevertheless, mean kurtosis is clearly affected by microstructure, has demonstrated utility as a 
biomarker, and we have developed a pulse sequence enabling it to be acquired in approximately one 
minute [10]  with simple postprocessing. 
 

Fast kurtosis sampling 
scheme 

Mean kurtosis is considered a general microstructural marker and has proven utility in research 
and diagnosis of e.g. ischemia, epilepsy, gliomas, Parkinson’s disease, and traumatic brain injury. 
The fast method presented [10] is underway as a WIP sequence for Siemens MRI systems (Jürgen 
Finsterbusch, Hamburg). 

Microstructural diffusion underpinnings of diffusion kurtosis imaging: 

Multidimensional diffusion MRI 
We develop more advanced pulse sequences 
sensitive to spin displacement correlations, which 
can be used to extract novel information about 
tissue microstructure. Below are examples from 
fixed vervet monkey brains using double pulsed field 
gradient sequences [8]. 

Maps of microscopic fractional eccentricity (FE) 
also called microscopic fractional anisotropy 
(µFA) [8,9]. Reflects fractional anisotropy of 
individual cells. Note areas of low FA and high µFA 
in both white and gray matter: this can be 
explained by e.g. fiber dispersion. 
 

Intra-voxel order and disorder (9) 

Local Geometry affects difusion signal 
White matter: 
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This model allows imaging of neurite density: 
Biophysical modeling of diffusion enables estimation of tissue microstructural features such as neurite 
density and architecture (1,2). We have used it to detect changes in brain structure as a result of 
stress (3). 

( ) ( ) ( )0/ 1 exp : ; , ,E c L TS S S D D fODFν ν= − − +b D b

ν neurite density; DE extracellular diffusion tensor; Sc signal 
from neurites, longitudinal and tranverse diffusivities DL and 
DT and fODF (fiber orientation distribution function). 

Comparison of Golgi stain histology (left) and 
MRI based dendrite architecture (right), i.e. 
the fiber orientation distribution function. One 
clearly recognizes the appropriate rendering 
of orientations in the corpus callosum, the 
stratum radiatum, and the absence of 
anisotropy in the cell layers. (2) 

Gray matter: 
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