Some considerations on voxel size/shape for diffusion MRI data acquisition

Why are non-isotropic voxels used?
· Whole brain coverage in shorter scanning time, while keeping a reasonably small “in plane” resolution.

· Better “in plane” signal-to-noise ratio (SNR) for the same acquisition time.

· SNR is proportional to the voxel volume so, for example, the SNR obtained with a 2x2x6mm voxel would be 3 times the SNR obtained for 2x2x2mm. On the other hand, SNR is proportional to the square root of the number of averages used, so in order to have the same SNR we would need 9 times more averages than for the 2x2x6mm case.

Why is data acquired with gaps between slices?
· Crosstalk is an artefact introduced into images by interference between adjacent slices of a scan, caused by a slice profile that is not ideal due to the constraints of the measurement technology. If the slice distances are too small, there is cross talk between the slices, which can affect image contrast.
· This artefact can be eliminated by limiting the minimum spacing (for the most sequences a minimum gap 10%) between the slices.
· Using larger gaps between slices also allows for whole brain coverage to be obtained in a shorter scanning time.

Reasons not to use non-isotropic voxels and/or gaps between slices when acquiring diffusion-weighted MRI data
Disadvantages of using non-isotropic and/or gaps between slices
· Partial volume averaging
 is more prone to happen in directions in which voxels are larger than others.
· The measured FA can be affected by both shape and voxel size. 

· Larger voxels result in underestimated values of FA in regions with crossing fibres such as centrum semiovale, superior longitudinal fasciculus, thalamus and red nucleus. 

· Non-isotropic voxels can result in different values of FA for fibres with the same anisotropy but different orientations.

· Measured FA with different voxel sizes may not be directly comparable.

Advantages of using isotropic voxels and no gap between slices 
· Crosstalk can also be reduced by selection of interleaved slices (so a slice gap will not be necessary).

· Less underestimation of FA in regions of crossing fibres.

· The measured FA is not dependent on fibre orientation.

· Fibre tracking is more robust and symmetric when thinner sections are used.

· If the voxel contains curved fibre paths, using a smaller voxel size in all 3 dimensions produces more accurate results.

· The use of isotropic voxels for tractography is recommended to ensure that the accuracy of the tractography scheme is independent of fibre direction.
� Partial volume averaging occurs whenever a structure is only partly within the imaging � HYPERLINK "http://www.medcyclopaedia.com/library/topics/volume_i/v/voxel.aspx" �voxel�. The consequence is that the signals of the structure and the adjacent or surrounding structures present in the � HYPERLINK "http://www.medcyclopaedia.com/Home/library/glossaries/Voxel.aspx" �voxel� are averaged. As a result erroneous � HYPERLINK "http://www.medcyclopaedia.com/Home/library/glossaries/Voxel.aspx" �voxel� signal values are obtained.





