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Introduction

Fatigue fractures occur commonly in the tibia (shin 

bone) of athletic individuals due to the repetitive 

loading experienced during activities such as 

running. Treatment involves limited activity for 

several weeks. Thus, preventative measures need to 

be developed to reduce the risk of injury.

Aims

• Develop a workflow which incorporates subject specific 

parameters in a finite element (FE) model of the tibia to aid in 

predicting fatigue fracture risk

• Estimate the geometry and muscle and joint forces from motion 

capture data, and include muscle attachment sites in the model
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Figure 1: Stress results from 
different model geometries

Figure 2: Tibia model strain results 
from different loading conditions 
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Future Work

• Integration of subject-

specific, inhomogeneous 

material properties derived 

from CT data in the model

• Develop a more accurate 

scaled geometry based on 

point cloud data from 

motion capture

• Create clinical tools for the 

individualised assessment 

of fatigue fracture injury risk

Conclusions

Muscles mitigate the stress and 

strain experienced in the bone 

during running. Subject specific 

parameters such as geometry 

influence the stress-strain 

response of the tibia and 

should be included in 

modelling fatigue fractures. 

Results

Scaling the geometry of the 

average population model to 

subject specific anatomical 

landmarks resulted in a 

significant change in the 

stress/strain values (Figure 1). 

Scaling according to data 

from different experimenters 

was also compared and 

showed an average of 30% 

variation in results (Figure 1). 

Tension and compression 

occurred along the mid-shaft 

of the tibia on the anterior (A) 

and posterior (P) surfaces, 

respectively (Figure 2). With the 

addition of the muscle 

attachment sites, tibial strains 

were lower than when the 

resultant force was applied at 

the distal end of the tibia 

(Farfield loading) (Figure 2). 

Methods

1. Motion capture data  

provided locations of 

anatomical landmarks and 

ground reaction forces (GRF)

2. A tibia mesh was generated 

from a population model 

using the MAP Client

3. Muscle attachment regions 

were mapped from a 

digitised anatomical model 

4. The muscle and joint forces 

were extracted from an 

OpenSIM model

5. Inhomogeneous material 

properties were derived 

from CT data

6. A finite element analysis was 

performed in FEBio to model 

the stresses and strains in the 

tibia with different parameters


