How does joint anatomy avoid cracking under pressure?
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Our joints change continuously as we grow and age, adapting to varying and often huge mechanical demands engendered as we walk, run, lift and jump. To withstand these loads, joints are comprised of a range tissue types that each have internal structures optimised over multiple scales of hierarchy – from nanometer-scale molecules, micrometre sized cells and pores, upto the bone, cartilage and soft tissues that span centimetres. Imaging across these scales to discern structure has hitherto not been possible and many unresolved questions ragarding how joint function is best retained and how it fails in osteoarthritis therefopre remain. By combining an established loading model for the mouse knee, with the UK’s synchrotron, Diamond Light Source (a particle accelerator that produces an intense x-ray laser for probing objects), a nano-precision mechanical motion simulator, and a technique for extracting motion inside of objects from tomographic scans (digital volume correlation, DVC), we will measure displacements during motion at a scale of <100 nanometres in whole joints. These images and measurements will have the additional advantage of being dynamic, providing 4D images (3D with time) of the bone and cartilage inside loaded joints allowing us address three key biological questions to discern how joints change their mechanical behaviour to enable healthy ageing. We will: 1) determine subchondral architectures and predicted mechanics critical to joint health; 2) define hierarchical, structural joint features that absorb peak loads to maintain joint health and 3) establish the hierarchical, structural variation in osteochondral tissues which limit cracking.  Adressing these questions may allow us to unravel how ageing predisposes joints to cartilage loss and how modification in fine structure and mechanics, at a range of scales, protects against such demise. 
3D image of growth plate cartilage (orange) under tibial joint surface (grey) in osteoarthritic (top pair) and healthy (bottom pair) mouse joints.








