
Figure 1. Left: T2-weighted sagittal view of the lumbar tract with dMRI image 
slices (green) and saturation slices (purple). Center: FA map of a single slice (in 
yellow on the left panel). Right: ROIs overlaid on the part of the FA map 
including the spinal cord (in yellow on the central panel). vWM = ventral WM; 
vll/vlrWM = left/right ventro-lateral WM; vGM = ventral GM; dWM = dorsal 
WM; dlr/dllWM = left/right dorso-lateral WM; dGM = dorsal GM 
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TARGET AUDIENCE: Pre-clinical MRI researchers, Physicists, Researchers involved in the study of amyotrophic lateral sclerosis. 
PURPOSE. Diffusion MRI (dMRI1) has proven a good performance in the non-invasive detection of microstructural alterations of the spinal cord following traumatic 
injury or neurological diseases as multiple sclerosis or amyotrophic lateral sclerosis2-4. However, in vivo dMRI studies on the spinal cord are affected by several 
artifacts, mainly related to respiratory motions and field inhomogeneity, in the usually applied Echo Planar Imaging (EPI) sequences5, especially in high-field studies on 
small animals. Moreover, the optimal dMRI acquisition parameters for the spinal cord have never been thoroughly investigated. 
The purpose of this study was to develop and compare three dMRI protocols for the characterization of white matter (WM) and gray matter (GM) mouse spinal cord. 
The comparison was based on the variability of diffusion parameters in healthy mice and on the detection of microstructural lesions in a murine model of amyotrophic 
lateral sclerosis (G93A-SOD1 mouse). 
METHODS. dMRI experiments were carried out on 7 transgenic G93A-SOD1 
(B6SJL-Tg(SOD1*G93A)1Gur) mice carrying a high-copy number of mutant 
human allele SOD1 and 7 transgenic WT-SOD1 (B6SJL-Tg(SOD1)2Gur/J) mice at 
10 and 17 weeks of age. Three different single-shot EPI dMRI acquisition protocols 
were applied on a 7T scanner (Bruker BioSpec 70/30) with the following acquisition 
parameters: 
A) 126 directions of the diffusion-encoding gradients, b = 700 s/mm2, TE = 22.3 ms, 
TR = 2100 ms, number of volumes without diffusion weighting (Nb0) = 10, number 
of averages (NA) = 6, number of repetitions (NR) = 1. 
B) 12 directions, b = 1200 s/mm2,  TE = 23.3 ms, TR = 2100 ms, Nb0 = 5, NA = 
4, NR = 15. 
C) 2 directions (parallel and perpendicular to slice direction, approximately 
corresponding to the axis of the spinal cord), b = 0, 200, 400, 800, 1200, 1500 
s/mm2,  TE = 23.3 ms, TR = 2100 ms, NA = 4, NR = 20. 
In each scan, 8 contiguous axial slices of the spinal cord at the lumbar level 
(Figure 1) with slice thickness = 0.8 mm, in-plane resolution = 0.109x0.078 mm2, FOV = 1.4 x 1cm2 were obtained. The acquisition time was about 30 minutes for 
protocols A and B, 40 minutes for protocol C. All the images were corrected for motion and distortions using FLIRT6. Mean diffusivity (MD), axial diffusivity (AD), 
radial diffusivity (RD) and fractional anisotropy (FA), were estimated using a homemade code in MatLab; for protocol C the estimate was based on the hypothesis of 
cylindrical symmetry. Eight regions of interest (ROIs) were manually outlined as shown in Figure 1. The coefficient of variation (CV) was computed between and 
within the 7 healthy animals for each parameter in each ROI. The differences in diffusion parameters between G93A-SOD1 and WT-SOD1 animals were evaluated by a 
Mann-Whitney’s non-parametric test with a significance level of p < 0.05. 
Electron microscopy (EM) was performed in lumbar spinal cord ultra-thin sections (0.08μm) stained with lead citrate from 2 G93A-SOD1 and 2 WT-SOD1 mice at 17 
weeks of age. 
RESULTS. All the protocols provided images with a good signal, quality and spatial resolution, and the derived maps provide a good contrast between GM and WM. 
The mean values of the estimated diffusion parameters showed systematic differences among the protocols, with decreasing values of diffusivities and FA from 
protocol A, to B and C. 
The smallest between-subject CV was provided by protocols B and C for 
diffusivities and by protocols A and B for FA. Protocol B provided the 
minimum within-subject CV in most cases. 
Protocols A and B showed a good differentiation between G93A-SOD1 
and WT-SOD1 at 17 weeks, especially for FA (Figure 2) and AD in WM 
and for MD in GM (Figure 2), whereas protocol C showed significant 
differences only in few ROIs. No significant difference was found by any 
protocol at 10 weeks, in accordance with previously reported results7. 
EM at 17 weeks showed vacuolization and axonal degeneration in G93A-
SOD1 mice, and this could explain the alterations observed in MRI. 
DISCUSSION AND CONCLUSION. Three different dMRI protocols 
for studying mouse spinal cord were developed and compared. They were 
designed to explore different aspects of diffusion: protocol A focuses on 
directional resolution, C aims at a better estimation of diffusivity 
parameters at the expense of a worse directional resolution, B has 
intermediate features. The derived mean values of diffusion parameters 
showed systematic differences between the protocols; thus, the absolute 
results of dMRI studies have to be considered carefully, especially when 
comparing those derived by different acquisition protocols. The 
evaluation of dMRI parameters variability and of the capability to 
differentiate pathological from healthy spinal cord indicated protocol B as 
the best-performing among the considered ones. Protocol A was similarly 
sensitive to pathological changes, but more affected by noise and less 
reproducible. Thus, a relatively high b-value seems optimal for this type of analysis and a relatively low number of diffusion directions seems sufficient, probably 
because of the simple fiber architecture of the spinal cord. Further work is needed to validate these results and to explore intermediate acquisition strategies. 
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Figure 2. Left: MD results in GM (top) and FA results in WM (bottom) obtained by each 
protocol for G93A-SOD1 (blue) and WT-SOD1 (green) mice at 17 weeks. * p <  0.05. 
Right: representative electron microscopy in GM (top) and WM (bottom) of WT-SOD1 
and G93A-SOD1 mice at 17 weeks of age. Red arrows highlight vacuoles, whereas blue 
asterisks show degenerated axons with disorganized myelin sheets. 
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