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Abstract
Background: 
The bone-cartilage interface in joints is a complex multi-tissue region of high biomechanical importance, helping to distribute forces and prevent stress concentrations. This region is the target of age-related degeneration and osteoarthritis. Of central interest for the biomechanical interaction between bone and cartilage is the osteochondral interface and the subchondral bone lying beneath. Only limited data is available on the effects of aging on microarchitectural and biomechanical changes in the subchondral bone and how these compare to other bone sites. Therefore, the aim of this study was to characterize how age-related microstructural alterations impact load transfer from cartilage to bone in the proximal rat tibiae and to relate this to changes in distal tibiae.

Methods: 
Proximal tibia specimens were harvested from adult and old (3 and 15 months of age) Wistar rats (n=8/group), available as sample organ donations at the Liege University Hospital (approval: IACUC-22-2416) and scanned using X-ray micro-computed tomography (micro-CT, 10 μm voxel size, SkyScan1272). Different bone compartments were identified and delineated, including the whole subchondral region, subchondral cortical and trabecular bone, and a region in the distal part of the tibia (metaphysis). Following image segmentation, trabecular bone morphology was quantified through bone volume fraction (BV/TV), trabecular thickness (Tb.Th), trabecular separation (Tb.Sp), and degree of anisotropy (DA); medial and lateral regions were compared. The thickness of the cortical layer (subchondral plate) was computed in two selected regions of the medial and lateral plateaus. The biomechanical analysis was based on an axial compression of the tibiae. The mechanical environment was quantified using microstructural finite element analysis in which each voxel of the micro-CT images is converted into a cubic element. An axial force of 40N was applied on each plateau and a linear elastic material model was considered, with age-specific elastic moduli obtained from nanoindentation. The models were solved with ParOSol on the CECI high performance computing center (ULiege, Belgium). The stress and strain distributions of the proximal tibia were evaluated, comparing the metaphysis and epiphysis as well as the lateral and medial regions.

Results: 
The microstructural analysis highlights differences between metaphyseal and epiphyseal trabecular bone but also between the lateral and medial compartments. A higher density of trabecular bone was measured in the epiphysis, with thicker and less spaced trabeculae. A decrease in BV/TV with age (up to 20%) was observed, together with an increase of up to 40% in cortical thickness. Changes in trabecular bone architecture were more marked in the lateral region, while morphological modifications in cortical thickness were mainly observed in the medial region. Preliminary data from the finite element analysis indicate distinct frequency distributions of strains in the metaphysis and in the epiphysis during aging, with higher stress present in the metaphyseal compartment of aged rats. 

Conclusions: 
The variations observed in the microstructure between the lateral and medial regions of subchondral bone, as well as the variations along the longitudinal axis, highlight the significant heterogeneity of bone architecture in the proximal tibia. This is then reflected in a quite complex bone response to joint loads. With age, structural changes increase bone heterogeneity, which together with changes in mechanical properties has an impact on local load transfer from cartilage to bone.
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