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Biological specimens typically combine multiple materials and structures organized in a 3D 
hierarchy of spatial scales.  Large inter-individual variations are often present, requiring 
extensive sampling for statistical validity, and in some cases tissues or even entire organisms 
must remain alive or undamaged by x-radiation.  Understanding of biological tissues has been 
revolutionized by 3D, noninvasive imaging provided by Computed Tomography (CT), microCT 
and nanoCT.  Given the different spatial scales and tissue types, an enormous range of 
approaches are required, and the task here is to highlight how very different specimens have 
been and will continue to be studied by various x-ray tomographic modalities.  
 
Biological specimens can be divided, somewhat artificially, into those comprised primarily of 
hard tissues and those mainly of soft tissues.  Contrast in hard tissues is typically from 
differences in x-ray absorption, and these examples are presented first.  Differences in 
absorption between different soft tissue types are very low, requiring techniques bringing out x-
ray phase contrast differences (unless staining is used), and these examples comprise the latter 
portion of the presentation.   
 
Hard tissues include bone and tooth of vertebrates and skeletal elements of invertebrates and 
have been investigated at all scales from macro to micro to nano.  Examples of hard tissue 
studies encompassing these structural ranges illustrate the data that can be obtained for hard 
tissues.  Approaches such as region of interest (i.e., local) tomography can be used when very 
fine details of internal structures must be resolved while simultaneously preserving these 
structures locations relative to much larger surrounding tissue.  Spatial variation of 
mineralization level within hard tissues can be studied with absorption based micro- and 
nanoCT and examples are covered briefly as is use of x-ray diffraction to map spatial 
distribution of crystallographic phases, of crystallographic texture and of strain during loading.   
 
Soft tissue differentiation in micro- and nanoCT is superior with phase compared to absorption 
contrast.  Recent applications covered in this presentation include quantification of nerve 
damage and its repair in cochleae, brain tissue mapping and plant structural imaging.  Studies 
of structures within cells (with soft x-ray nanoCT) is another active area of research reviewed. 


