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Introduction: High ankle sprains are a common injury that disrupts the ankle syndesmosis (i.e., distal tibiofibular 
joint) and often require surgical repair. During surgery, the tibia and fibula are realigned and fixed. Both fixation 
and inadvertent misalignment, which occurs in as many as 52% of patients [1], alter motion of the fibula. The 
characteristics and consequences of this altered motion are not well understood. Our goal is to use musculoskeletal 
models to characterize healthy and pathologic fibular motion. This will improve our understanding of the 
mechanisms of syndesmosis injury and inform injury repair. As a critical step toward this goal, this study aims to 
incorporate fibular motion into musculoskeletal models and validate those models using gait and ankle sprain data.  
 
Materials and Methods: Fibular motion was added to two OpenSim models by incorporating a six degree-of-
freedom (DOF) joint between the fibula and tibia [2, 3]. The models were adapted from the Gait2392 model (Model 
A), which includes the lower limbs and torso [2], and a full-body model (Model B), which also includes arms [3]. 
To examine gait, muscle-driven forward dynamics simulations were run by applying data from an experimental gait 
study [3-6]. To examine high ankle sprains, forward dynamic simulations were designed to replicate a cadaveric 
experiment by scaling the models to represent a 60 kg person, removing muscles to simulate the described muscle 
dissection, and applying a 600 N axial load to the tibia [7]. Rotations and translations of the fibula were examined 
for both simulations. Specifically, the magnitude and direction of fibular translation and rotation were compared to 
the values reported in the literature. Although the simulations describe 6 DOF fibular motion, reported results focus 
on motion directions for which direct comparisons to the literature could be made. Dorsiflexion (DF) and 
plantarflexion (PF) movements of the right and left limbs were examined separately for both simulations.  
 
Results and Discussion: Both simulations successfully incorporated 6 DOF fibular motion. However, the fibula 
did not move as expected (Table 1). During the gait simulations, the fibula was expected to rotate internally and 
translate anteriorly and medially during PF, and to rotate externally and translate anteriorly and laterally during DF. 
However, in Model A, there was unexpected medial translation and internal rotation of the right fibula during DF. 
There was also unexpected external rotation and posterior translation of both fibulas during PF. Similarly, in Model 
B, unanticipated internal rotation and medial translation was observed for both fibulas and posterior translation of 
the left fibula during DF. In Model B, the direction of the fibula opposed the expected motion during PF. 
Importantly, rotation observed in the models was much smaller than expected, and AP translation in the models 
was generally larger than expected. Furthermore, the movement of the fibula would oscillate for each movement 
type in both legs of each model (e.g. AP translation for both fibulas in Model A were separated by a phase difference 
of ~0.7s). The differences observed between models could be attributed to the added constraints to Model B, where 
muscle contractions were not involved and the subtalar joints were locked. Differences from the experiment could 
result from inaccurate inertial properties of the modeled fibula and/or inclusion of the mediolateral center of mass 
displacement of the subject during walking, which was not present in the cadaver study. 
 

 
 

Conclusion: Fibular motion was successfully achieved using computational models, but the 6 DOF joint did not 
fully replicate the experimental data. In the near future, the inertial properties of the fibula will be recalculated, and 
the high ankle sprain injury mechanism will be further explored. Future work will also examine the minimal 
clinically important change in fibular motion. By elucidating fibular movement in response to loading patterns, our 
simulations can inform design of fixation mechanisms that permit healthy movement at the distal tibiofibular joint 
as well as surgical methods that reduce the likelihood of inadvertent misalignment. 
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