Creating a rat brain template and associated masks
This document describes briefly how we created a study-specific rat brain template for use in SPM analysis of fMRI data. At that time (March 2012) we used SPM5 (1), but SPM8 is the currently recommended version.
Essentially, our structural images were individually registered to a widely available template and then combined to form the new template. In subsequent analysis, individual data sets were registered to this new, study-specific template.

We began with the “Karolinska” rat brain template, downloadable from Ref 2
and described in Ref 3. After unzipping and untarring, the template files are available in Analyze format. Various other files intended for use with SPM99 can be ignored. The template is a tight crop of the brain and consists of 63 axial slices of 80 (left-right) × 108 (front-back) isotropic voxels. In MRIcro (4) this appears as [x,y,z]=[80,108,63]. The data origin is set to [40,70,60] to match the bregma in the Paxinos atlas.
Our structural images were collected in the coronal plane, and consist of 21-26 slices (from the back to the front of the head) of 256×256 pixels. Slice thickness is 1 mm and the in-plane pixel dimension is 117 μm. Our imaging included most of the cerebellum but not the olfactory bulb. The separate images must first be converted into an Analyze volume, for example using ImageJ (5). Inspect the header in, say, MRIcro and make sure the thickness is set correctly to 1 mm. 
To create the structural template.

For each “valid” structural data set (i.e. with adequate brain coverage and no significant artefacts)…
· Load the structural images into SPM: use Display/Reorient with settings of pitch pi/2; roll 0; yaw pi; resize x,y,z ×10 to place the structural images in roughly the correct orientation. Apply shifts to bring the images into approximately the correct position relative to the Karolinska (canonical) template. For example, up=-100 and forward =-50 was a good starting point for our data. 
Reasonably good alignment at this stage is essential for the next step.
· Coregister (Estimate&Reslice) the images to the Karolinska canonical template. This produces images prefixed with ‘r’. The alignment can be inspected using Check Register.
· Normalise (Estimate&Write) the coregistered (r*) images to the Karolinska (canonical) template using a bounding box of [-80, -155, -120; +80, +108, +5]. This produces images prefixed with ‘wr’. This bounding box is required to prevent excessive longitudinal stretching of our images, since (unlike the Karolinska template) we did not cover the olfactory bulb.
Then use ImCalc in SPM to create the mean of the Normalised (wr*) images, e.g. (i1+i2+i3+i4+i5)/5 for 5 data sets. The ‘mean’ is the study-specific template.
To create ‘a priori’ segmentations.

SPM expects to work with three ‘segmentations’, namely grey matter (GM), white matter (WM) and CSF. In the rat work we do not try to separate grey and white matter, so we create two segments, seg1=brain (GM+WM) and seg2 =CSF.

For each “valid” data set as above…
· Load the wr* image set into MRIcro, using the orthogonal display for viewing.

· Select ‘ROI/apply intensity filter to volume’ and adjust the thresholds to obtain the individual segments. When satisfied, click ‘Save as Analyze’ and give them meaningful names (default name is bwr*).
· Then use ImCalc in SPM as above to create the mean of the brain and CSF images. 

Finally, a similar procedure is used to generate a brain mask: each wr* data set is manually edited to exclude skull and other non-brain tissue, and then the mean of the individual masks is taken.
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