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SUMMARY 
The present study assessed the kinematics of the total ankle 
arthroplasty (TAA) during level, uphill and downhill walking 
of a pain vs. a no pain group by means of videofluoroscopy. 
The main rotation of the TAA occurred for all subjects around 
the talar construction axis itself, rotations in the transverse and 
frontal planes were small. The motion pattern did not differ 
significantly between the two groups. Thus, no motion pattern 
of the TAA was observed that is causal for anteromedial pain. 
 
INTRODUCTION 
The functionality of a TAA depends on its behaviour in daily 
life, which can be quantified by kinematic analyses. 
Videofluoroscopy allows the direct assessment of the 3D 
kinematics of the implant components in vivo during gait with 
high accuracy, free of skin movement artefacts and isolated 
from subtalar motion [1, 2]. 
TAA subjects often suffer pain on the anteromedial side of 
their ankle joint, although based on clinical experience the 
components are well aligned and none of the other clinically 
assessed parameters show any restrictions. 
Whether this prevalent pain is caused by a changed motion 
pattern of the TAA is unclear. Therefore, this study aimed to 
assess the kinematic differences in the 3D motion of the TAA 
components during gait, between TAA subjects with an 
elevated level of pain (pain TAA subjects) and TAA subjects 
with no level of pain (no pain TAA subjects). 
 
METHODS 
The kinematics of 6 no pain and 5 pain subjects having an 
unconstrained TAA (MobilityTM Total Ankle, DePuy) was 
analyzed during the stance phase of daily motion tasks (level 
gait, walking uphill (10°) and walking downhill (10°)) using a 
videofluoroscopy system (BV Pulsera, Philips Medical 
Systems, 25Hz, 1ms shutter time) integrated in a walkway [1]. 
The stratification of the subjects was based on standard 
clinically assessed data. Inclusion criteria: > 2 years postop, > 
19° radiographically assessed sagittal plane range of motion 
(ROM), AOFAS function-activity limitations  ≥  7 points, 
AOFAS walking surfaces ≥ 3 points . No pain subjects needed 
a visual analog scale (VAS) of  ≤ 1, pain subjects needed to 
have a VAS > 1 and prevailing anteromedial soft tissue pain 
that showed positive reaction on local anaesthetic therapy. 
Information on subjects is given in Table 3. 
 
The subjects had to perform the following static trials: upright 
standing trial, maximal dorsiflexed loaded position, maximal 

plantarflexed loaded position, maximal everted loaded 
position, maximal inverted loaded position. For each of the 
three gait conditions the subjects had to perform five valid 
trials. A trial was considered valid, when the ankle was in the 
rear half of the field of view during heel strike, such that the 
stance phase could be captured.  
 
3D reconstruction was performed using the CAD models of 
the TAA and an intensity based registration algorithm [3]. The 
respective output was the 3D pose of the TAA components 
with an accuracy of 0.4mm and 0.2° in plane and 2.1mm and 
1.3° out of plane. The motion of the talar relative to the tibial 
component was described with respect to the implant 
coordinate system (Figure 1). Furthermore, the motion of the 
construction axis (defined by the cylinder axis of the talar 
component) relative to the tibial component was analyzed 
(Figure 1). 
 

 
Figure 1: Implant coordinate system (black arrows) - mediolateral 
(ml) axis, anteroposterior (ap) axis, vertical (v) axis and talar 
construction axis (black and white dashed).  
 
The static and dynamic outcome parameters are defined in 
Table 1 and 2. The hypothesis that the motion pattern of the 
TAA differs between pain and no pain TAA subjects was 
tested using a t-test and a significance level of 5%. 
 
RESULTS AND DISCUSSION 
Neither the static, nor the dynamic outcome parameters, nor 
gait velocity did significantly differ between the two groups 
(Tables 4 and 5). Thus, in the present study no kinematic 
motion pattern of the implant could be found that is causal for 
the anteromedial pain. 
 
Dorsi/plantarflexion was for all subjects and all gait conditions 
the predominant rotation occurring at the TAA, which is in 
agreement with the study of Leszko et al. [4]. 
Inversion/eversion, as well as adduction/abduction, during gait 
was small but showed large variability and no characteristic 
motion pattern was seen, which has also been stated by Conti 
et al. [5]. The measured anteroposterior translation of the 
cylinder axis relative to the tibial component was small, even 
though the analyzed TAA is an unconstrained design, which 



allows free translation in the transverse plane. The orientation 
of the talar construction axis remained more or less constant 
and only showed little translation throughout all gait 
conditions. Therefore, the main rotation of the TAA occurred 
around the construction axis itself, which is favorable for the 
wear characteristics of the implant, but if it allows a 
physiological role of surrounding soft tissues, remains unclear. 
 
Table 1: Static outcome parameters  
ROMstat pfdf Maximal ROM around the ml-axis between a maximal 

plantarflexed maxstat pf and a maximal dorsiflexed maxstat df 
static loaded position. [°] 

StandingTrial 
 

Sagittal plane orientation of the implant components in the 
upright standing trial [°] 

ROMstat invev Maximal ROM around the ap-axis between a maximal 
everted and a maximal inverted static loaded position. [°] 

 
Table 2: Dynamic outcome parameters 
maxdyn pf first peak of maximal plantarflexion [°] (Fig. 2) 
maxdyn df peak of maximal dorsiflexion [°](Fig. 2) 
τ maxdyn pf timepoint of maxdyn pf  [%stance] (Fig. 2) 
τ maxdyn df timepoint of maxdyn df  [%stance] (Fig. 2) 
ROMdyn pf ROM between heel strike and maxdyn pf (Fig. 2)   
ROMdyn df ROM between maxdyn pf and maxdyn df (Fig. 2) 
ROMdyn tap Range between the maximal and the minimal reached values 

of anteroposterior translation at any time in stance. [mm] 
ROMdyn adab Range between the maximal and the minimal reached values 

of adduction/abduction at any time during stance. [°] 
ROMdyn invev Range between the maximal and the minimal reached values 

of inversion/eversion at any time during stance. [°] 
 
CONCLUSIONS 
The hypotheses that the motion pattern of the TAA differs 
between pain and no pain TAA subjects could not be 
confirmed. No significant kinematic differences were found 
when comparing the pain to the no pain group. With the same 
motion pattern some subjects experience pain, whereas others 
are pain free. The assumption can be made that the same 
kinematic pattern provokes higher stresses in the ankle 
surrounding ligaments of some subjects. These higher stresses 
can depend on interindividual differences in the geometric 
arrangement of the ligaments, on the mechanical properties of 
the ligaments or on the interindividual adaptation capabilities.  
 
 

  
Figure 2: Mean and SD over 5 trials of each subject during the 
stance phase of level gait, walking up- and downhill – Rotation 
around ml. left: no pain subjects, right: pain subjects. 
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 Table 3: Information on TAA subjects 
Subject Group Sex Age [Years] Weight [kg] Height [cm] months postop VAS AOFAS Clinical ROM [°] 

mean ± SD no pain 4f/2m 64.5 ± 15.5 79.0 ± 19.0 172.1 ± 13.2 59.0 ± 17.6 0 97.2 ± 4.0 25. 5± 5.0 
mean ± SD pain 2f/3m 68.4 ± 6.8 73.3 ± 23.3 172.0 ± 14.1 54.8 ± 15.4 4.0 ± 0.8 83.0 ± 7.4 24.0 ± 4.8 
 
Table 4: Static Outcome Parameters -  Mean and SD over all no pain and all pain subjects. 
Static Trials  Rotation around ml-axis Rotation around ap-axis 

[°]  maxstat df maxstat pf ROMstat pfdf StandingTrial ROMstat invev 
no pain  mean ± SD 3.8 ± 8.0 -31.7 ± 8.5 35.5 ± 9.1 -7.2 ± 13.0 3.4 ± 3.4 
pain  mean ± SD 7.4 ± 5.2 -27.2 ± 8.6 34.6 ± 12.3 -2.5 ± 4.9 1.7 ± 1.0 
 
Table 5: Dynamic Outcome Parameters -  Mean and SD over all no pain and all pain subjects. 

  level gait uphill downhill 

  ROMdyn τ maxdyn ROMdyn τ maxdyn ROMdyn τ maxdyn 

  pf df adab invev tap pf df pf df adab invev tap pf df pf df adab invev tap pf df 

  [°] [%stance] [°]    [%stance] [°]   [%stance] 
mean 
± SD 

no 
pain 

-5.0 
±3.2 

9.2 
±2.1 

9.6 
±2.9 

2.9 
±2.0 

-1.4 
±1.8 

10.8 
±2.2 

64.5 
±8.7 

-2.1 
±2.9 

5.4 
±2.9 

7.1 
±2.0 

2.2 
±0.8 

-1.2 
±2.8 

7.0 
±3.3 

40.6 
±14.4 

-7.1 
±2.4 

12.9 
±3.7 

7.9 
±2.4 

2.6 
±0.8 

-1.3 
±3.1 

12.4 
±2.0 

71.7 
±11.9 

mean 
± SD pain -3.4 

±1.0 
8.2 

±3.8 
6.4 

±2.3 
2.2 

±0.5 
0.0 

±1.0 
12.7 
±1.5 

54.6 
±15.7 

-0.6 
±0.3 

3.9 
±1.8 

5.8 
±2.7 

2.1 
±0.3 

0.3 
±0.8 

8.7 
±5.6 

39.3 
±5.0 

-5.7 
±1.2 

11.4 
±5.4 

7.4 
±2.4 

2.5 
±0.2 

-0.2 
±1.1 

15.5 
±4.4 

63.3 
±14.9 

 


