Summary of Method write up needed for publication (written by Dr. Barbe, April 2011):

Bouzsein et al, 2010, JBMR 25(7): 1468-1486.

Key recommendations for listing in any paper:

In the methods:

1. Image acquisition: scan medium, x-ray tube potential, voxel size, clear descriptions of size and location of volume of interest.

2. Image processing:  A description of any algorithms used for image filtration and the approach used for image segmentation, including the method used to delineate cortical from trabecular bone regions.

3. Image analysis:  Use 3D algorithms if at all possible that do not rely of assumptions of underlying structure used to computer trabecular (plate or rod) or cortical bone morphometry. Whereas tissue mineral density measurements are possible with microCT system, significant artifacts can be associated with the use of X-ray sources. Therefore, TMD (also known as BMD) must be conducted with extreme care and caution.

Reporting microCT results:

1. Minimal set of variables for trabeculae: bone volume fraction, trabecular number, trabecular thickness and trabecular separation.

2. Minimal set of variables for cortical bone: total cross-sectional area, cortical bone area, cortical bone area fraction, cortical thickness.

3. Others also as appropriate for research question.

4. Standard nomenclature as indicated in tables 2 and 3.
5. Presentation of images: Use mean “representative” images that match tables and/or graphs. The criteria used to select the images need to be described in methods section or in figure legend.

6. Quality control – Use manufacturer specific instructions. Document that these instructions are followed. Inspect all images visually to identify possible scanning artifacts. Note: on the Skyscan that we use, flat field calibrations are performed 2x/week to remove noise of camera. Typically, calibrations are performed regularly (1/mo initially; every 2 weeks after that if only bone is being scanned). However, calibration 1-2/week if settings are changed often for scanning different types of tissues. We scan 3 different hydroxyapatite (HA) phantoms at least 1/year or if the machine is changed for use in TMD calculations. May not be enough.

Example Methods:

A Skyscan 1172, 11 MPix camera model, high resolution cone-beam microCT scanner. Images were scanned at a voxel size of 6 µm3. The X-ray tube potential (peak) was 59kVp and the X-ray intensity was 167 µA. A region spanning from the proximal to the mid-diaphyseal tibia (1335 slices; each slice = 6 µm) was scanned for each sample, which were scanned in air. An aluminum filter was used to remove image noise, the ring artifact correction was 10, and the beam hardening correction was 60%. Average scan duration was 36 minutes. After scanning, 3D microstructural image data was reconstructed using the Skyscan NRecon software. The reconstruction duration per slice was 3 seconds. Note, calibration of the Skyscan used is performed twice weekly.

Structural indices were calculated using the Skyscan CT Analyzer (CTAn) software. Using this software, the cortical and trabecular bone was separated manually a few voxels away from the endocortical surface with an irregular region of interest tool. Trabecular morphometric traits were computed from binarized images using direct 3D techniques that do not rely on prior assumptions from the underlying structures. The volume of interest for trabecular microarchitectural variables, starting 1.9 mm from the proximal tibial condyles, just distal to the growth plate, in the direction of the metaphysis, and then extending from this position for 100 slices (0.6 mm). An upper threshold of 255 and a lower threshold of 80 was used to delineate each pixel as “bone” or non-bone”, and trabecular bone volume per total volume (BV/TV), bone surface density (BS/TV), mean trabecular thickness (Tb.Th),  mean trabecular number (Tb.N), mean trabecular separation (Tb.Sp), trabecular pattern factor (Tb.Pf), structural model index (SMI), connectivity density (Conn.D) and degree of anisotropy (DA) indices were computed using a marching-cubes algorithm. Morphological traits of the mid-diaphyseal cortical shell were performed at a site starting 5.5 mm from the proximal tibial condyles, and then extending from this position for 100 slices (0.6 mm; each slice = 6 µm). Then, total cross sectional area (Tt.Ar), cross sectional cortical area (Ct.Ar), cortical bone fraction (Ct.Ar/Tt.Ar), cortical thickness (Ct.Th), and cross sectional moment of inertia (polar) (CSMI) was measured in 2D. 

If reporting TMD, add: A set of 3 hydroxyapatite (HA) phantoms were scanned and used for calibration and to compute columetric BMD.

FYI: Further definitions and standard units – see also article (Bouzsein et al, 2010, JBMR 25(7): 1468-1486) and tables in that article for more variable outcomes:
· TV: total volume, mm3
· BV: bone volume, mm3
· BV/TV: the relative volume of calcified tissue in the selected volume of interest (VOI), %
· Tb.Th: it measures the thickness of the trabecular structure, mm 

· Tb.N: indicates the number of trabeculae, 1/mm 

· Tb.Sp: trabecular separation; it is a measurement of the thickness of the spaces between the trabeculae, mm
· Conn.D: connectivity density, 3-D connectivity index; it is a measure of the degree to which a structure is multiply connected, 1/mm3 
· Tb.Pf: trabecular bone pattern factor; calculated in 3D, lower TbPf signifies better connected trabecular lattices while higher Tb.Pf means a more disconnected trabecular structure; this fragmentation index is best considered as a relative index for comparing different scanned objects.

· SMI: structural model index; indicates the relative prevalence of rods and plates in a 3D structure such as trabecular bone;this parameter is of importance in osteoporotic degradation of trab bone.An ideal plate, cylinder and sphere have SMI values of 0,3, and 4, respectively. 

· Ps.Pm = periosteal perimeter, mm

· Ec.Pm, endocortical perimeter, mm

Units: can use mm-1 or 1/mm.
