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SUMMARY 
The Model-based Roentgen Stereophotogrammetric Analysis 
(RSA) Method is a viable tool for in vivo measurement of 
implant migration. However one source of variability is the 
choice of the projected implant contour selected for the 
reversed engineering (RE) model registration, depending on 
the type, i.e. the implant geometry or its coating. Aim of this 
study was to investigate the effect of contour reduction on the 
accuracy of migration results within an experimental phantom 
model set up using a short stem hip prosthesis. 
For translational and rotational motion along the superior-
inferior-axis the implant provided less variability when a 
reduced contour for migration detection was applied. 
However, no significant difference was calculated. 
An exclusion of implant regions is often inevitable within a 
clinical study and makes model-based RSA much more 
practicable in its applicability compared with classical marker-
based method. In the context of the present study, we conclude 
that contour reduction does not result in reduction of accuracy. 
 
INTRODUCTION  
Classical RSA method is a highly accurate tool for 
micromotion detection which is applied in a variety of fields, 
e.g. implant migration, wear, fracture healing, etc. [1]. One 
disadvantage of the gold-standard classical RSA method is the 
requirement of markers being attached to the prosthesis. 
Therefore, the model-based RSA method was developed, 
which allows for migration detection without implant markers 
by means of three-dimensional surface models of the 
prosthesis component [2]. Recent investigations have provided 
evidence which supports the use of model-based RSA in 
clinical studies for detecting implant migration [3,4,5].  
However one source of variability is the choice of the 
projected implant contour selected for model registration, 
depending on the type, i.e. different patient-specific 
geometries at the neck of the component (CCD angle) or 
partly translucent surface coatings. Aim of this study was to 
investigate the effect of contour reduction on the accuracy of 
migration results for a modular short hip stem implant and to 
assess the data quality for a clinical application. 
 
METHODS 
Implant migration was simulated using an experimental 
phantom model set up, which allows for accurate implant 
translations and rotations in all six degrees of freedom (DOF) 

relative to the simulated host bone (relative motion protocol). 
A plasma-coated short-stem femoral hip component (Aesculap 
Metha®, Tuttlingen, Germany) of the size 3 with a CCD-
Angle of 135deg was investigated. Thereupon, RSA image 
pairs were analysed using a specially designed RSA software 
(MBRSA 3.31, Medis specials bv, Leiden, Netherlands). In a 
clinical setting, a single surface model would be applied to 
multiple patients regardless of the implant CCD-angle. For 
this to be possible, the contour of the most proximal part of the 
prosthesis needs to be excluded from registration calculations. 
Two contour registration protocols (full & reduced), differing 
within the proximal part of the prosthesis were thus compared 
in this analysis (Figure 1).  
 

 

Figure 1: For both contour selections, the most proximal part 
was excluded. Compared to the full contour (a), the coated 
parts of the implant were excluded in the reduced protocol (b). 
 
 
The plasma-coated parts of the prostheses are partly 
translucent to x-rays. Those areas must therefore be excluded 



from the fitting algorithm in the reduced protocol, since the 
projected contour does not accurately match the actual optical 
projection of the implant. For both protocols, the neck contour 
was considered unavailable for registration due to geometrical 
differences. 
 
RESULTS AND DISCUSSION 

 
Figure 2: Comparison of the calculated migration in box plots 
for the full (blue box) and the reduced contour (green box). 
Each chart contains migration data for one axis, translational 
on the left and rotational on the right side. 
 
 

Worst case bias is reported of 0.022 mm for in-plane and 
-0.024 mm for out-of-plane translation, and 0.315 deg for in 
plane and -0.075 deg for out of plane rotations (Table 1). 
Both, translations and rotations about the longitudinal y-axis 
of the implant provided less variability when the reduced 
contour was applied (Figure 2). However, no significant 
difference was observed between both protocols. 
 
CONCLUSIONS 
Exclusion of projected implant regions is often inevitable for 
practical reasons. In the context of the present study, we have 
seen that contour reduction does not result in reduction of 
accuracy. Even though this conclusion seems to be 
contradictory to previous contour reduction studies [6,7], 
where reduction led to loss in accuracy, specific selection of 
critical areas provides an explanation for our results. 
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Table 1: Migration calculated for both situations, the full contour in the first and the reduced contour in the second case. Bold 
scripture highlights worst cases for in-plane and out-of-plane translations and rotations. 
 

x [mm] y [mm] z [mm] Rx [deg] Ry [deg] Rz [deg] Contour 

In-plane Out-of-plane In-plane 

Target (Standard) Value 1.000 -1.000 -1.000 -1.300 -1.300 -1.190 

Full Contour Mean 1.013 -0.991 -0.976 -1.319 -1.225 0.926 

  Bias (Target–Mean) -0.013 -0.009 -0.024 0.019 -0.075 0.264 

  SD 0.033 0.148 0.075 0.074 1.211 0.078 

Reduced Mean 1.018 -1.022 -0.989 -1.333 -1.293 0.875 

  Bias (Target–Mean) -0.018 0.022 -0.011 0.033 -0.007 0.315 

  SD 0.029 0.044 0.088 0.129 0.584 0.098 
 


