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Introduction 

Development of detailed knee models is essential for gaining 

insights into the knee joint mechanics with applications to 

osteoarthritis, ligament injuries and knee replacement. This 

work outlines a framework for creating subject-specific models 

of the knee that are used for finite element analysis of complex 

movements such as gait in order to determine the soft tissues’ 

loading. Bridging the gap between subject-specific 

musculoskeletal and finite element modeling and simulation 

opens new possibilities towards understanding the knee joint 

mechanics. 

Methods 

The workflow (Fig 1) begins with the magnetic resonance 

image segmentation, surface reconstruction and hexahedral 

meshing. The generated subject-specific geometries are then 

used to create the finite element model, placing emphasis on 

assigning anatomically realistic material properties and 

defining boundary conditions. A musculoskeletal model 

(OpenSim) has been used in conjunction with experimentally 

measured kinematics and external forces to calculate the 

relative motion and loading of the tibiofemoral joint, which are 

used as boundary conditions. This pattern of operations is 

independent of the subject's geometric properties or recorded 

kinematics and kinetics. Therefore, semi-automated tools have 

been developed to avoid the manual and time-consuming 

workload in the case of multiple subjects.  

 

Figure 1: Overview of the modeling and simulation approach. 

The ACL reconstruction surgery is the arthroscopic procedure 

of replacing the torn ligament with a piece of a surgical tissue 

graft harvested from another part of the knee. The surgeon 

performs the reconstruction by drilling tunnels through the 

femur and tibia bones. The insertion locations of the tunnels 

should be placed at the native ACL footprint on both tibia and 

femur surfaces, in order to achieve greater knee stability and 

reproduction of native knee kinematics (Fig 2).  

  

Figure 2: ACL reconstruction planning with custom developed 

tools (left), double-bundle ACL reconstruction model (right). 

Results and Discussion 

The automatic segmentation of the femur and tibia bones, 

menisci and cartilages achieves high recognition levels, 

whereas the surface reconstruction and hexahedral meshing do 

not alter significantly the initial geometries. Results from the 

finite element analyses of gait are in good agreement with the 

literature, while variations in the soft tissues’ loading under 

various conditions can be observed. Sensitivity analysis with 

respect to the ACL reconstruction parameters (e.g., tunnel 

insertion and exit regions, graft materials, single or double 

channel) as a function of the activity under study reveals the 

optimal surgery planning. 

Conclusions 

This work outlines a framework for creating subject-specific 

multi-scale models of the knee joint complex. By constraining 

the finite element model using boundary conditions extracted 

from a musculoskeletal model one can examine the mechanics 

of different activities such as gait. As demonstrated, the model 

can address “what if” studies related to the planning of ACL 

reconstruction surgeries. Nonetheless, a big limitation of this 

methodology is the validation of the underlying models. 

Following the current advances in experimental measurements 

and simulation, new possibilities for improving the models’ 

quality and robustness and address current challenges will 

emerge. 
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