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Introduction 

Patient-specific 3D simulations allow more accurate, 

economical and efficient interventions in orthopedic 

surgeries. The Finite Element Method (FEM) is a 

common computational method for this application. 

Patient-specific FEM based on medical images has 

great potential to aid in clinical decision making, 

designing implants, planning surgeries and monitoring 

outcomes [1]. 

Our goal is to develop a workflow including a software 

pipeline for the creation of a patient-specific functional 

analysis of the musculoskeletal system with minimal 

user input.  

 

Methods 

A high resolution MRI dataset (0.3x0.3x0.3 mm) from 

a human cadaver knee was available and a reference 

FE model comprised of bones, cartilage, menisci and 

ligaments was constructed (Ansys v16, Canonsburg, 

PA, USA). Material properties were chosen from the 

literature [2] and boundary conditions were defined to 

simulate several clinical tests, e.g. Lachman test to 

investigate in the stability of the anterior cruciate 

ligament and pure flexion to 90°. 

Subsequently coronal and axial MRI datasets 

(0.3x0.3x3.6 mm) from six patients were acquired with 

routine protocols, fused and registered to the reference 

MRI image using landmark-based rigid initialization 

followed by intensity-based multi-resolution b-spline 

deformable registration [3]. Resulting 3D deformation 

fields were subsequently utilized to deform the 

reference model in SpaceClaim Design Modeler v16.1 

to obtain a patient-specific FE model for each patient. 

The deformation fields were applied to the solidified 

stl-based vertices of the geometries. This method is 

used to achieve a patient-specific geometry before 

meshing. A highly deformed mesh leads to divergence 

during FE simulations as shown in [4]. 

 
Figure 1: Simulation of a Lachman test. Reference 

model (left), patient-specific geometry (right)  

 

Through a programmed extension in SpaceClaim 

Design Modeler v16.1 with Application Programming 

Interface (API), it is possible to control the morphing 

process and transfer the model to Ansys v16 

automatically including all boundary conditions.  

Results 

It is possible to morph a patient-specific FE model 

automatically from a clinical MRI dataset including all 

boundary conditions in less than 19 minutes on two 

cores with 3.5 GHz. Depending on the selected clinical 

simulation, solving the mechanical system is more time 

consuming and takes at least three hours. The 

subsequent meshing of the patient-specific geometry 

leads to a high quality mesh and a stable finite element 

simulation. Table 1 shows the proportion of converged 

and diverged patient-specific simulations from a total 

of six models. 

 

Simulation Convergence Divergence 

Lachman 5 1 

90° Flexion 4 2 

Table 1: Convergence and divergence of six patient-

specific functional simulations. 

 

Conclusion 

The results indicate a stable morphing workflow 

including two functional simulations of the knee with a 

further option to attach an implant.  

The huge amount of data in such a calculation leads to 

an impossibility to use it intraoperatively at the 

moment. Our numerical based medical intervention 

software package should deliver optimized patient-

specific information about the type, position and 

resulting loads of an implant in front or during an 

orthopedic surgery. Thus this method leads to support a 

patient-specific solution in orthopedic surgeries and 

serves as a virtual second opinion. 

 

 
Figure 2: Clinical decision making during an 

orthopedic surgery. (Illustration) 
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