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SUMMARY 
A recent survey of epidemiological studies lists ankle injuries 
as one common sport injury. However, the details of the injury 
mechanisms of ankle sprains – the majority of ankle injuries – 
remain not well understood. The purpose of the presented 
study is twofold. The first aim is to introduce a new, widely 
applicable method to calculate ankle joint torques during 
movement using inverse dynamics. The subtalar and talocrural 
joint are modeled as anatomically based revolute joints. The 
kinematics of the lower extremities and ground reaction force 
are used as input data. Secondly, a comparison of two 
calculation (dynamic versus static) approaches is reported, 
aimed at verifying and simplifying the introduced method to 
have a more convenient tool at hand for applications in the 
field. For one first movement measurement (hopping) the 
calculated joint torques show a good match for the two 
calculation approaches. After further application, the 
evaluation of the resulting joint torques will provide further 
insights into the joint mechanics and can contribute to a better 
understanding of the respective injury mechanisms. Hence, 
this approach is interesting for researchers to be used in order 
to understand ankle injuries and to determine the influence of 
landing grounds and shoes on ankle joint torques. 
 
 
INTRODUCTION 
According to a recent survey of epidemiological studies ankle 
injuries are common sport injuries. Among them ankle sprains 
represent the majority of injuries [1]. However, the injury 
mechanisms of ankle sprains in detail still remain open. 
Correlations between individual spatial axis orientation and 
acute or chronic injuries have been widely discussed [2-4]. It 
is assumed that a different anthropometric geometry of the 
articulating bones results in different loading patterns in the 
joints, when analyzing movement tasks [4]. 
When observing foot models including the subtalar joint there 
exist two contrasting but both well-founded approaches, one, 
modeling the subtalar joint as a revolute joint [2,5,6] and the 
other one, modeling the subtalar joint as a flexible structure 
with shifting in the calculated helical axis [7]. Concerning the 
presented foot model, we focus on the first approach, 
representing the subtalar joint by one joint axis. While multi-
segmented models of the foot that include the subtalar joint 
axis (as a revolute joint) are numerous [3,8], studies 
calculating subtalar joint loading patterns during movement 
are rare [9]. 

The purpose of the presented study is twofold. The first aim is 
to introduce a new and widely applicable method to calculate 
ankle joint torques during movement tasks based on kinematic 
and kinetic data using inverse dynamics. Secondly, a 
comparison of two different calculation methods (dynamic vs. 
static) is reported, resulting in similar joint torque values. 
 
 
METHODS 
A 3-d foot-shank model is constructed. Rigid segments 
represent shank, talus and foot and are connected by revolute 
joints as subtalar and talocrural axes. The spatial orientation of 
the joint axes is determined using the Heidelberg foot 
measurement method [8], the segments’ lengths are calculated 
and the masses are taken from NASA and DIN [10,11]. 
The presented calculation algorithm uses the following input 
data: position and spatial orientation of the anatomical axes, 3-
d marker trajectories and 3-d ground reaction forces. 
The recorded input data is used for the calculation of segment 
points, joint origins and axes. Three segment-fixed joint 
coordinate systems are constructed and used to decompose 
joint rotation as well as providing the segment’s global 
position and rotation data to calculate both translational and 
rotational displacements. While marker-based definition of the 
talocrural joint are well established (midpoint of lateral and 
medial malleolus), definitions for the subtalar joint axis are 
often based on kinematic data of a marker on the Os 
naviculare (NAV). Obtaining this marker in dynamics is a 
challenging task as the tibialis anterior tendon is located on 
top of the NAV and hence, obstructs its exact localization 
during movement. A new method for calculating the spatial 
orientation of the subtalar joint axis (SA) and the respective 
joint origin (SP) during movement is introduced. This method 
assumes constant segment lengths (from calibration data) and 
is based on the location of the Lig. talocalcaneum interosseum 
(from MRI-data) to determine the subtalar joint origin, for a 
detailed description please cf. [12]. To our knowledge the 
present work is the first methodological approach to describe 
the kinematics of the talus by developing a calculation method 
to determine the SP and SA during movement without using a 
NAV-marker. 
Now, two different methods of inverse dynamics analyses are 
applied. Firstly, one considering all three segments and their 
segmental acceleration (dynamic calculation) and, secondly, 
one with a static approximation, without considering 
segmental acceleration due to the assumption of mass-less 



bodies (static calculation). For the dynamic calculation the 
Newton-Euler-formula is used to derive the equations of 
motion, using the standard inverse dynamics approach of link 
segment modeling. As calculating 3-d inverse dynamics with 
non-parallel joint axes, two virtual segments are implemented 
to consider constraining torques. 
Kinematic data was collected for one test subject performing 
hopping jumps and a movement unspecific calibration 
measurement. Seventeen reflecting body markers, as specified 
by Simon et al. [8], were fixed on the right leg prior to 
recording trajectories and ground reaction force. 
 
 
RESULTS AND DISCUSSION 
The ground reaction force and joint torques for the subtalar 
and talocrural joint for three hopping cycles are plotted in 
figure 1. The negative torques in the subtalar and talocrural 
joint are inversion and plantarflexor torques respectively. The 
results from the static and dynamic calculation of four repeat 
trials with seven hopping cycles each show a good match. 
 

 
Figure 1: Joint torques profiles in the (a) subtalar and (b) 
talocrural joint showing three of seven hopping cycles 
(continuous grey line: dynamic calculation, dashed black line: 
static calculation) and (c) 3-d ground reaction force [12]. 
 
So far, no subtalar joint torque data is available for dynamic 
movements like hopping or jumping. One study, determining 
kinematics and kinetics of the subtalar and talocrural joint 
during walking, showed similar results concerning peak 
torques values [9]. The calculation approach was similar to 
our static calculation and we used these results for a 

preliminary validation and to asses accuracy of the newly 
introduced calculation. The static calculation was also 
implemented for validation purposes. Any major difference in 
the calculated joint torque values would have uncovered 
possible modeling errors.  
The introduction of the subtalar joint axis increases the 
anatomical validity of a foot model used for inverse dynamics 
analysis [3,4]. Especially, when analyzing 3-d movements, 
e.g. for evaluation of sport shoes, insoles or grounds, the 
subtalar joint torques allow for deeper insights to the ankle 
joint mechanics. Furthermore, our novel method includes an 
approach to define and calculate the subtalar joint axis without 
using a marker on the Os naviculare. 
The comparison of the two presented calculation methods 
shows, that for researchers aiming at analyzing several joints 
superior to the ankle joint complex and not being interested in 
the subtalar joint in detail, it is sufficient to model the foot 
with just one ankle joint (talocrural joint). For biomechanical 
analyses of the ankle complex in detail, we propose using our 
inverse dynamics approach with the static approximation, 
including both the subtalar and the talocrural joint axis. 
 
 
CONCLUSIONS 
We focused on the development of a novel calculation method 
and introduced a new inverse dynamic calculation for 
determining subtalar and talocrural joint torques in dynamics. 
Additionally, we compared the dynamic calculation to results 
obtained from a static calculation.  
As a conclusion from this work, helpful for other researchers 
and applications in the field, we propose our inverse dynamics 
approach with the static approximation, including both the 
subtalar and the talocrural joint axis, to be used for 
biomechanical analyses of the ankle joint complex. For further 
conclusions, i.e. absolute joint torques values, correlations of 
foot geometries and injury mechanisms, the newly introduced 
approach will have to be used for further application, thereby 
also gaining data for further model validation. 
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