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INTRODUCTION 
Condylar constrained and hinged total knee replacement 
(TKR) prostheses are often used in revision implants for their 
high stability during movement. Increased stability at high 
flexion angle for the condylar constrained implants is due to 
interaction between the post and the cam, while for the hinge 
TKR a real cylindrical hinge is used. The aim of this study is 
to compare the stress distributions in different regions of the 
bone with the physiological tibia using those two different 
cementless revision implants. For this, finite element models 
of a tibia with the two types of TKR prostheses implanted with 
a cementless technique were analyzed for loading conditions 
representative of a dynamic squat. 
 
METHODS 
A tibial Sawbone (4th generation left composite Tibia, Pacific 
Research Laboratories) was scanned and images manually 
segmented (MIMICS 13, Materialise, Belgium) and 
reconstructed into a 3D volumetric model of the tibia 
including the cortical bone, the cancellous bone and the 
intramedullary canal. Prior to meshing for the FEA analyses, 
this virtual tibia was then prepared for insertion of two types 
of implants based on the manufacturer’s surgical instructions: 
condylar constrained Legion Revison and RT-PLUS Modular 
Rotating Hinged (Smith&Nephew, Memphis, USA). In both 
cases the bone was cut perpendicularly to the mechanical axis 
at 11 mm under the highest point of the tibial plateau. Size 6 
and 4 tibial trays and polyethylene inserts of height 8 and 
9mm were chosen for the RT-Modular Rotating Hinged and 
the Legion implant, respectively, based on the surgical 
technique. Stem lengths and sizes for the simulations of 
cementless RT-PLUS prosthesis were selected based on 
implantation tests on the Sawbone specimen to provide 
optimal medullary contact (Figure 1). For both revision 
implants stem lengths and diameter were fixed to 160mm and 
12mm, respectively. Models were then meshed with 2-mm 
tetrahedral elements in the proximal tibial region and coarser 
mesh size for the distal region. Cortical and cancellous bone 
regions were modeled with isotropic elastic properties, 
respectively, based on literature [1]. Tibial prosthesis 
components were modeled with isotropic linear elasticity with 
properties of their respective materials (Tibial tray and stems 
in CoCrMo, E= 248 GPa, ν=0.3, stems in Ti6Al4V, E=110 
GPa, ν=0.3, Polyethylene insert, E=564 MPa, ν=0.23).  

 
Figure 1:  Based on implantation on a Sawbone specimen (a), 
two prostheses were modeled: Hinge RT-PLUS (b) and 
Legion revision (c). 

 
Figure 2:  Simulation methodology: a) multi-body modeling  
with LifeMod allowed computation of external forces during 
active motion; b) then applied to tibio-femoral model for 
computation of contact areas and pressures; c) these were then 
used as inputs to the FE analyses of tibial replacements. 
 
Maximum forces acting on the tibia during the two analyzed 
motions were implemented in the models as external forces. 
Forces considered were the patellar tendon (3120 N for the 
hinged, 2972 N for the constrained) and the TF contact forces 
(3572 N for the hinged, 3091 N for the constrained). For all 
simulations, the distal nodes of the tibia were fully constrained 
while forces calculated during the squat movement were 
applied on the tibia. Contact pressures were applied on the 
surface of the PE tibial insert based on physiologically-
relevant kinematics. This was done in two steps: 1) Firstly, a 



full squat motion (20s, 0-120° flexion) was simulated based on 
experimental kinematic data using the multi-body models of 
LifeMOD (LifeModeler, Inc), whose geometries were adapted 
for the studied implants. This allowed the calculation of tibio-
femoral kinematics, the maximum quadriceps load acting on 
the tibial tuberosity and the maximum contact forces between 
the femoral component and the tibial PE insert of the TKR 
prostheses. 2) Secondly, these loads and kinematics were used 
as inputs to a tibio-femoral FE model with femoral component 
and tibial insert, to determine the contact areas and pressures 
acting on the PE insert (Figures 2b and 3). Moreover for the 
hinge prosthesis, these simulations included the interaction 
between the articulating peg of the femoral component and the 
hole in the PE insert while for the condylar constrained 
prosthesis include the interaction between the post present in 
the femoral component and the cam of the insert. Contact 
pressures and muscle forces were finally used for the final 
tibial model (Figure 2c). 
 
Non-linear static simulations were performed for both types of 
prostheses (ABAQUS, Simulia, Dassault Systemes, France), 
allowing the computation of stresses and strains in selected 
regions-of-interest (ROI): 10 mm above (ROI 1) and 10 mm 
under (ROI 2) the stem’s tip. 
 

 

 

 

 

 

 

 

 

Figure 3:  Contact areas and contact pressures on the tibial 
insert, resulting from the tibio-femoral simulation, shown here 
for the hinge prosthesis. 
 
RESULTS AND DISCUSSION 
As expected, the most stressed regions were the ones 
immediately below the tibial tray and the ones around the 
stems tip (Figure 4). In the periprosthetic region below the 
tibial plate, higher stresses mainly occurred in the compact 
bone and the cancellous bone near the flanges. Slightly higher 
stresses were predicted for the Legion TKR compared to the 
hinge TKR near the stem’s tip (Figure 5).  
 

 
 
 
 
 
 
 
 
 
 
Figure 4:  Stress distributions for a) hinge model and b) 
condylar constrained prostheses, both shown for squat 
kinematics. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:  Maximum stresses obtained for the two types 
modeled TKR in squat motion for different ROI. 
 
CONCLUSIONS 
This study is the first to quantitatively examine the bone 
response to physiologically-relevant loading in a tibial bone 
implanted with two types of revision total knee replacement 
prostheses. Results showed that the model implanted with a 
Legion Revision TKR predicted higher stresses in squatting 
than the hinge prosthesis. Future improvements such as 
additional loading conditions and more accurate material 
properties for bone will help refine those predictions, we 
believe that the presented results already give an insight into 
the biomechanical response of the two types of TKR 
prostheses. 
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Table 1: Prostheses dimensions. 
Prosthesis Type Diameter (mm) Length (mm) 

Legion Revision Cementless 12 160 

Hinge RT-PLUS Cementless 12 160 

 

(a) (b) 


