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Digital Volume Correlation for the 
experimental investigation of bone tissue 

and biomaterials 
MicroCT-based digital volume correlation (DVC) is 
becoming very popular in orthopaedic research.  DVC 
enables the measurement of 3D full-field displacements 
and strains throughout the interior of a material/structure 
undergoing motion or deformation.  This technique was 
originally developed by Bay et al. (1999) to investigate 
the strain distribution in trabecular bone.  However, as 
DVC itself is relatively new as an experimental 
technique, a number of studies aimed (and are still 
aiming) at obtaining a better understanding of its 
reliability in the mechanical analysis of biological 
tissues and biomaterials.  Moreover, an evaluation of 
how DVC could be potentially established as a 
diagnostic tool in combination with clinical CT has been 
recently considered.  This may open new avenues for 
clinical CT diagnostics to promote a reliable and 
efficient use of DVC in clinical practice. 

	
Outline of the DVC analysis: a) The specimen is imaged through 

high-resolution microCT in the undeformed and deformed states; 
b) The Digital Volume Correlation (DVC) software is then used to 

compute the full-field displacements and strains. 
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Modelling of bone with sample-specific  
Finite Element models:  

validation at different dimensional scales 
Osteoporotic fractures of the central skeleton represent a 
major health problem.  To predict the fracture risk and 
estimate the effect of different interventions, we need to 
better understand the mechanics of bone.  Subject-
specific image-based finite element (FE) models are a 
powerful tool to predict non-invasively the mechanical 
competence of bone at different dimensional scales, and 
bone remodeling.  However, before applying such 
methods in a clinical environment, we need to validate 
them against controlled experiments.  This seminar will 
present validation studies for: 1) Organ level computed 
tomography (CT)- based subject specific FE models of 
the human femur for femoral strength predictions, 2) for 
Tissue Level Micro-FE models of trabecular bone 
samples for local displacement predictions and 3) for 
Bone remodeling by combining in vivo Micro-CT 
imaging and Micro-FE models of murine tibiae. 

 
Examples of validation studies performed at the different 

dimensional scales.  From left to right: Organ level, Tissue level, 
and Bone remodelling. 
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