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to the disorder correlation functions which embody all quantifiable structural
characteristics after the voxel averaging. We show how the Taylor expansion of
the self-energy part in q gives rise to the dispersive transverse relaxation rate [1],
dispersive diffusivity (measurable by oscillating gradients), time-dependent kur-
tosis and higher cumulants [2]. Using the EMT approach, we consider transverse
relaxation from a medium with spatially varying Larmor frequency [1], and the
DWI signal from a medium with spatially varying diffusion coefficient [2].
The EMT approach shows that the information that survives the sample

averaging includes the variance and the correlation length of the disorder in
either local characteristic. The correlation length defines a time scale which
should be probed by the measurement aimed at the microstructure examination.
Explicit expressions for the relaxation and diffusion characteristics agree well
with Monte Carlo simulations [1,2].
[1] D.S. Novikov and V.G. Kiselev, JMR 195(2008)33
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O31 Axon Diameter Mapping of Pig Spinal Cord Using d-PFG Fil-
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Introduction: White matter in the spinal cord consists of packs of long aligned

nerve axons that conduct information between the brain and other parts of the
body. The ability to measure an apparent fiber diameter and its spatial dis-
tribution within the spinal cord is of particular interest because axon diameter
scales with the velocity with which information propagates along nerves. Dou-
ble pulsed field gradient (d-PFG)-based sequences [1], in which two single PFG
blocks are applied consecutively, can be used to measure microstructural fea-
tures such as fiber diameter [2,3], cell eccentricity [4,5], and local anisotropy [6].
In this study, we mapped the apparent mean diameter within fixed pig spinal
cord using d-PFG filtered MRI.
Materials and methods: A formalin-fixed pig spinal cord was rehydrated and

put in a 10 mm Shigemi tube (Shigemi Inc.) with the spine’s white matter
aligned with the z-axis of a 7 T vertical-bore Bruker DRX system. To account
for any deviation of the fiber orientation from the z-axis, a 21-direction diffu-
sion tensor imaging (DTI) experiment was performed first with the parameters:
δ = 3 ms, ∆ = 50 ms, G between 0 and 110 mT/m, and the imaging parameters
were: TR/TE = 3000/59.3 ms, FOV = 11 mm, matrix size = 128 × 128, and
slice thickness = 4 mm. Next, D-PFG filtered MRI was performed with the
same imaging parameters except TR and TE, which were set to 3500 ms and
7 ms, respectively. The two wave vectors were applied sequentially while the
angle between them was varied between 0 and 360◦. The diffusion encoding pa-
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rameters were: d = 3.15 ms, D = 60 ms, and G was between 0 and 664 mT/m.
A recently introduced theoretical framework [7], which makes it possible to cal-
culate the MR signal attenuation due to restricted diffusion within a pack of
cylinders, was fitted to the data by also taking into account a possible free water
compartment [8]. A pixel by pixel analysis was applied to create a pore diameter
map within the white matter region of the spinal cord.
Results and Discussion: The calculated fiber diameter from the d-PFG filtered

MRI experiments range is from 3 to 5.5 µm, which is the expected range for such
a specimen [9]. The relative sizes of the axons generally follow the expected
known anatomy of the spinal cord white matter. However, histological staining
could help substantiate these findings.
Conclusion: d-PFG filtered MRI is a powerful tool for mapping the axon

diameter, and potentially other microstructural features of tissues.
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Restrictions to molecular motion by membranes are ubiquitous in biological

tissues, porous media and composite materials. Recently we demonstrated [1]
how the presence of permeable membranes gives rise to distinct features of
transport. We consider diffusion restricted by flat randomly placed and ori-
ented permeable membranes and focus on the disorder-averaged propagator,
which is found by reformulating the transmission across a membrane as a scat-
tering problem. Transmission across multiple membranes is described using the
renormalization group technique. In this way, we find the frequency-dependent
diffusivity for all frequencies, membrane surface-to-volume ratios and perme-
abilities. In particular, our solution reveals a universal scaling behavior of the
diffusion coefficient for low frequencies (large diffusion times) with a charac-
teristic square-root frequency dependence. Equivalently, the time-dependent
diffusion coefficient approaches its tortuosity limit as the inverse square root of
time. We relate this dispersive behavior to the return-to-origin probability of a
random walker. Our theoretical results agree well with Monte Carlo simulations
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