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Introduction In finite element (FE) studies, despite increased complexity, 
an image-derived sample geometry yields more accurate and 
detailed results than a simplified model. One requirement for 
a sample-specific analysis is a clear delineation of the 
involved tissues for assigning appropriate mechanical 
properties and constraints. In osteoarthritis (OA) there is high 
variation in tissue morphology within and between samples, 
since altered loading causes bone remodelling and cartilage 
degeneration. Such changes will render any generic FE 
model inadequate. The goal of this work is to provide more 
accurate definitions of structures for FE studies of 
mechanical loading in OA. 

Cartilage and bone tissues could be segmented successfully. 
The results show altered loaded contact area in the joints; 
specifically a decrease in the lateral plateau (1.18 and 0.42 
mm2, for contralateral and operated, respectively). Figure 2 
depicts the difference in condyle contact area between a non-
operated (a) and operated (b) animal joint. Alongside the joint 
alignment changes the joint tissues undergo structural and 
morphometric changes that are known to change mechanical 
properties such as tissue modulus and viscoelasticity. The 
central medial surface of the contralateral joints (figure 3b) 
show regions of thicker cartilage compared to operated joints 
(figure 3e). The outer regions of the operated joint (figure 3f), 
however, are thicker and fibrillated and thickening of the 
subchondral bone is observed, (c.f. figure 3c); a likely 
compensation for the altered loading conditions (see figure 
2b). Bony osteophytes are also present in the operated joint 
(arrowheads in figure 3f). 

Results and 
Discussion 

Medial meniscectomy/ACL desmotomy of twelve 3 month-old 
male Wistar rats was performed to destabilise the right tibio-
femoral joint where the left leg served as a contralateral 
control. Animals were sacrificed 6 weeks post-op and the 
knees dissected and scanned using micro computed 
tomography, µCT (SCANCO Medical, Switzerland; 10 μm 
voxel size). Staining and subsequent delineation of the tissue 
was achieved with the use of contrast agents. µCT scans 
were processed and all main joint compartments (tibia, femur, 
cartilage) were segmented (figure 1). The individual tissues 
were then placed in a common orientation to compare 
differences between non-operated and operated samples in 
terms of  loading contact (figure 2) and structural change 
between the tissues (figure 3).  

Methods 

This study demonstrates complex variations in the tibio-
femoral joint between operated and contralateral joints of a 
mechanically-induced OA model. We show accurate 
structural delineation, including local material changes, and 
examine the change in loaded contact area. These changes  
imply that it is not sufficient to assume a general geometry, 
uniform loading and constant material properties in FE 
analyses. Thus this work suggests that a diversified 
individualised FE simulation of the tibio-femoral joint should 
be based on three major inputs: a detailed and true condition 
of the joint geometry, a sample-specific loading case and 
mechanical properties that account for local changes in the 
different compartments. 

Conclusions 
and Outlook 

Figure 1: (a) Typical 2D µCT image and (b) typical 3D µCT reconstruction of a tibio-femoral 
joint with delineated structures labelled. F: femur, T: tibia, M: meniscus, CA: contrast agent, 
Cg: cartilage. 
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Figure 3: Whole joint structures for typical (a-c) non-operated and (d-f) operated tibio-
femoral joints. Material properties are influenced by structural change, where remodelling is 
known to alter tissue properties. This change is seen  as (e) cartilage degeneration and 
subchondral bone adaptation, or  (f) osteophytes (indicated by arrows). 
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Figure 2: Contact area on the tibial plateau under load exerted by the femoral condyles for 
a typical (a) non-operated and (b) operated tibia. Cartilage is shown in green and the 
contact area is coloured red.  
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