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Acquisition considerations for NODDI 

NODDI makes use of standard diffusion-weighted MRI sequences based on pulsed gradient 

spin echo (PGSE) echo-planar imaging (EPI) which images the brain, a 3-D object, as a set 

of consecutive 2-D axial slices. The key acquisition factors to consider are acquisition time, 

spatial resolution, and microstructural resolution. The challenge is to design an imaging 

protocol with spatial and microstructural resolutions as high as possible while keeping the 

acquisition time at a minimum. 

To minimize compromised image quality due to subject motion, it is important to keep 

the acquisition time at a minimum. On older systems without the recently developed 

simultaneous multi-slice (SMS) capability (also known as multi-band), typical acquisition 

times are about 15 minutes. On systems equipped with the SMS capability, with two or three 

slices being acquired at the same time, typical acquisition times may be halved or reduced to 

a third, while keeping spatial and microstructural resolutions constant. In practice, one may 

choose not to reduce the acquisition time so drastically but invest the efficiency gain offered 

by SMS to increase spatial and/or microstructural resolutions. 

The choice of spatial resolution depends on the application and has a significant 

impact on the acquisition time. On older systems without the SMS capability, typical spatial 

resolution is either isotropic 3mm x 3mm x 3mm or 2.5mm x 2.5mm x 2.5mm. While this may 

be reasonable for studying the majority of white matter structures, it may be too low for 

examining cortical gray matter. With the introduction of the SMS capability, it is now practical 

to acquire data at an isotropic resolution of 2mm x 2mm x 2mm within a reasonable 

acquisition time, which should improve our characterization of cortical gray matter. 
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The choice of microstructural resolution is arguably the most important. There are 

two key considerations here. First is the choice of the diffusion-weighting factors, known as 

the b-values. They should be chosen to allow the respective contribution of each 

compartment to be differentiated. The recommended choice (1) is to use three non-zero b-

values: 300 s/mm2, 700 s/mm2, and 2000 s/mm2. Including multiple non-zero b-values is 

important for robustly estimating FWF and NDI (2). Second is the choice of the diffusion-

sensitizing gradients, known as the b-vectors. While NODDI does not depend strongly on the 

number of b-vectors, the choice is important for resolving crossing fibers with techniques like 

constrained spherical deconvolution (CSD). The recommended choice (1) is to use 

progressively more b-vectors for the larger b-values: 8 for 300 s/mm2, 32 for 700 s/mm2, and 

64 for 2000 s/mm2. This ensures that the data acquired will be compatible with both NODDI 

and CSD. In addition, it is recommended that 1 b=0 image is acquired for every 8 non-zero 

b-values. Finally, it is presently essential to acquire different b-values all at the same echo 

time (TE) and repetition time (TR), as NDI and FWF are TE-dependent (3). 

Finally, it is worth noting that NODDI is fairly robust to the choice of acquisitions. The 

original NODDI paper compared nine different protocols with varying numbers of shells, 

choices of b-values, and numbers of gradient directions (4). The results suggest for 

protocols of at least two shells, NODDI depends only weakly on the precise choice of b-

values and number of gradient directions. Reduced number of gradient directions naturally 

reduces the overall signal-to-noise ratio of the data but the number required will depend on 

the effect size of the changes to be determined.  For protocols with a single shell, while NDI 

cannot be determined accurately, ODI can.  
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