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SUMMARY 
The aim of this study was to quantify the effect of the global 
deformation associated with the soft tissue artifacts during a 
treadmill walking task. For that purpose, we proposed to 
compare the movement of a knee prosthesis and its estimation 
obtained by the use of an optoelectronic system. From our 
preliminary results, the global deformation induces an error on 
knee kinematics ranging from 1.0 to 14.8 degrees. 
 
INTRODUCTION 
The most significant source of error in 3D kinematics of 
underlying bones is known as the soft tissue artifact (STA) [1]. 
Even if the STA effects have already been reported for knee 
kinematics, it is known that the reference used to determine 
internal kinematics suffers from methodological errors [2, 3]. 
Moreover, the STA is not homogenous on the lower limb [4] 
and is composed of local and global deformations for each 
segment. Hence, both errors are combined and, according to 
the distribution and number of sensors, the STA effect is under 
or over estimated. 
 
Based on new imaging techniques using biplane fluoroscopy 
and fitting of 3D prosthesis [5], it is possible to reconstruct 
accurately internal joint kinematics. The latter can be 
compared to kinematics, estimated from external measures, in 
order to quantify the effect of the STA global deformation on 
the knee during a gait activity. 
 
The aim of this study was 1) to measure in a synchronous way 
the movement of a knee prosthesis from an internal and 
external point of view during a treadmill gait and 2) to 
quantify differences between both kinematics. 
 
METHODS 
The acquisition system was devised using 2 fluoroscopes BV 
Pulsera 300 (Philips, The Netherlands) and a Vicon system 
(Vicon, UK) composed of 7 cameras MX3+. The sample 
frequency for the Vicon system was set to 240 Hz. The sample 
frequency for the fluoroscopes was set to 30 Hz (beam energy: 
60 kV, current beam: 5.95 mA). 20 subjects with a postero-
stabilized knee FIRST prosthesis (Symbios, CH) participated 
to this study. Each subject had read and signed a consent form 
that was previously approved by the local ethical committee. 
Each subject was equipped of 80 reflective markers (Ø 4mm) 
on the analyzed lower limb. The gait speed was comfortable 

and determined by each subject during a warm-up period. A 
static and a treadmill gait acquisition period of 15 seconds was 
realized. 
 
The data acquired by the fluoroscopes were used to fit the 3D 
model of the implanted prosthesis using the software MB-
RSA (Medis Specials, NL) for both tasks. The poses extracted 
from MB-RSA were first converted into quaternion for each 
component and then filtered and upsampled at 240 Hz using a 
spherical interpolation method [6]. The kinematics of the 
prosthesis was expressed as the relative quaternion between 
the femoral and the tibial parts (Qti/fe) and used as the 
reference. From the static acquisition of the Vicon data, two 
clusters of markers representing the thigh and shank were 
extracted. For each cluster, a technical frame was built using a 
principal component analysis method. From theses technical 
frame and frames associated to each prosthesis component, the 
rigid transformation between the femur and the thigh, and the 
rigid transformation between the tibia and the shank were 
computed. The markers used in the static acquisition were 
finally registered in their corresponding frame to be reused in 
the determination of the prosthesis motion. From the gait 
acquisition data, markers registered for each segment were 
extracted and used in a point sets fitting method [7] to estimate 
the motion of the prosthesis components. These motions were 
converted into quaternion to estimate the relative quaternion 
of the prosthesis from the thigh and shank data (Qsh/th). Finally, 
to determine the difference between the kinematics extracted 
from the fluoroscopic data and markers data, another 
quaternion was computed as the relative quaternion between 
Qti/fe and Qsh/th. This quaternion was then divided in gait cycle. 
Each gait cycle was then interpolated in 100 points and 
averaged using a spherical method [6]. The final quaternion 
was then converted to angle-axis to quantify the total angle 
error between the reference and the solidification method 
using the markers. 
 
RESULTS AND DISCUSSION 
A sample of five subjects has been analyzed so far (cf. Table 
1). Each subject was able to perform the activity without any 
problem. The gait speed varies between 1.3 to 2.1 km/h (cf. 
Table 1). 7 to 10 cycles were obtained from each subject. 
Figure 1 represents the total angle between the kinematics 
computed by the prosthesis and the markers along a gait cycle. 



A value equals to 0 (zero) indicates that both frame are 
aligned. 

 

Figure 1: Total 3D angle averaged per subject representing 
the difference between the kinematics computed by the 
prosthesis and the markers. 
 
The results show that the global deformation is present during 
the stance phase (i.e., 0-60%) and the swing phase (i.e., 60-
100%) with maximums during the foot flat period and the toe-
off. For four subjects, the error is ranged between 1.0 and 7.7 
degrees. Only the subject #2 has an error between 2.8 and 14.8 
degrees. The intra-subject standard deviation has a maximal 
value of 2.7 degrees. For each subject, the effect of the 
deformation can be represented by a peak during the foot flat, 
followed by a diminution and a plateau until the end of the 
stance phase. The error rise up again during the toe-off with 
values similar than during the foot flat and oscillate until the 
end of the gait cycle. 
 
The aim of this study was to quantify the global deformation 
of the STA during a treadmill gait activity. This was realized 
by the development of a new acquisition system able to 
acquire the internal (prosthesis) and the external (markers) 
motion of the knee at the same time. From these raw data, it 
was possible to compare accurately the difference between the 
motion of the prosthesis itself and its reconstruction from the 
markers’ data. Using more than 30 markers by segment spread 
around its surface remove the bias associated with their 
distribution. Moreover, associated with a solidification method 
[7], the STA effect is limited to an affine transformation, and 
then avoids the local STA deformation. The use of a static 
acquisition to determine the rigid transformations between the 

segments and the prosthesis’ components allowed being 
independent of any anatomical or functional axes which could 
create an offset when reporting the STA effect.  
 
The results presented in this study showed in general a 
specific pattern. The subject with the higher STA deformation 
was the oldest (72 y.o.). This subject walked slowly (1.3 
km/h) and had a BMI of 25. Hence it is difficult to associate 
the magnitude of STA to BMI or walking speed. The 
comparison with the literature is also difficult as very few 
studies investigated this problem with the same hardware and 
none of them explored these kinds of results or the same 
activity.  
 
The main limitations of this study concerns the low sample 
size which should be fixed with the data of all enrolled 
patients (i.e. 20) and the X-ray exposure time which cannot be 
set lower than 8 milliseconds. The latter can introduce blur in 
X-ray images during the swing phase and reduce the quality of 
the 3D model fitting. 
 
CONCLUSIONS 
This study presented new results on the effect of the STA 
deformation on knee kinematics during a treadmill gait 
activity. It has been shown that the global deformation is not 
negligible and can vary between 1.0 degrees to 14.8 degrees 
along the gait cycle. Furthermore, the characterization of STA 
pattern among the subjects could bring new insights for future 
development of compensation method to avoid STA. 
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Table 1: Anthropometric data and walking speed for each subject. 
 
Subject # Sex Age (years) Weight (kg) Height (cm) BMI  Gait speed (km/h) 
Subject #1 M 64 85 165 31 1.7 
Subject #2 M 72 69 167 25 1.3 
Subject #3 M 64 84 178 27 1.3 
Subject #4 F 56 76 168 27 2.1 
Subject #5 F 68 65 168 23 1.9 




