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Neuroimaging is on the verge of revealing some of the brain’s long-
kept secrets and in so doing could revolutionize our understanding of 
neurodegenerative and other neurological diseases. 

Novel imaging modalities are exposing tiny cracks in the brain’s 
microarchitecture that could herald the onset of disease long before 

part of the brain to the other, a process known as . 
Mapping all those connections in the healthy brain is the goal of 

healthy human brain—a blueprint of its wiring—has been completed, 
work will begin on the connectomes of a variety of neurological 

the healthy brain should help identify areas of faulty wiring that can 
become the focus of therapy. 

The imaging tool of choice for gaining deeper insight into 
both the brain’s microarchitecture and its wiring has been diffusion 
magnetic resonance imaging (dMRI), and in particular diffusion ten-
sor imaging (DTI). DTI, which maps the diffusion of water through 

brain tissue, can be used to determine both the rate and directionality 
of diffusion. The dMRI image is composed of thousands of voxels (a 
portmanteau word combining “volume” and “pixel”), each containing 
a shape that represents the diffusion of water in that area of tissue. 
These range from spheroids that represent isotropic (i.e., direction-
independent) diffusion to ellipsoids that represent anistropic (i.e., 
direction-dependent) diffusion.

Although diffusion spectrum imaging (DSI) is by far the most 
sensitive dMRI imaging technique, DTI has been widely adopted 
in the clinic because of its simplicity and because images can be 

available scanners and processed using standardized methodologies.
But is DTI the best tool for moving neuroimaging forward, or has 

it simply been the most convenient? 

Diffusional Kurtosis Imaging
Joseph A. Helpern, Ph.D.

-
ing, and long-time collaborator Jens H. Jensen, Ph.D., noted a 
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distribution of water diffusion throughout the tissue. When a barrier 
impedes diffusion—as is common in complex physiologic milieus—the 

does so is known as the kurtosis

technique that uses kurtosis metrics to arrive at more precise and 
detailed measures of tissue microstructure.1 

translate it effectively into the clinic. “There is a high bar for change,” 

you are trying to change, doesn’t cost more, and doesn’t create 
longer imaging times for the patient.” 

-
structural changes than DTI but is more clinically translatable than 

acquired on the same scanners used for DTI and almost as quickly. 

-

continues to suggest microstructural abnormalities in the region of 
the stroke long after the DTI image has returned to normal. “The 

the contrast in DTI images. Something is going on there,” explains 

which tissue is salvageable and which is not. We don’t know, but that’s 
the kind of question we are exploring.”

neurological or neurodegenerative diseases such as Alzheimer’s 
disease (AD),2,3 stroke,4

hyperactivity disorder5

diagnosis. For example, it was long presumed in AD that neurons 

wondered whether structural damage to axons could precipitate the 

be used to detect the early changes in axonal structure that presage 
the onset of AD. 

-
fulness in a wide variety of diseases, particularly in the early diagnosis 
or staging of neurodegenerative diseases, such as Parkinson’s and 

patients, 50 sites could get ten AD patients each, thereby pooling 

Dr. Joseph Helpern (above) and long-time collaborator Dr. Jens Jensen devel-
oped DKI, a new dMRI technique 
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obtained with scanners at different sites can be usefully compared, 

data, but if your technique is strong enough, it will survive that 
additional noise.”

Fiber Tractography

brain to the spinal cord and one area of the brain to others. White 
matter is named for the whitish myelin sheaths (insulation) that cover 

-
dicular to them. “If water is diffusing inside axons, which are the wires 
of the brain, it can diffuse down axons more easily than through their 

pipe, if you will.” 
Because water has the propensity to travel “down the axon” 

and because DTI can be used to determine the directionality of its 

-

brain’s connections. 

and can mistakenly interpret the crossing as an abnormality or lesion. 

sensitive DSI method but at the cost of longer imaging times and 
more complicated post-processing.

which to compare tractography obtained from at-risk patients, 

that tool.
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Diffusional kurtosis imaging (DKI) is well-suited to tractography because, unlike 


